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RADIATION

Radiation is energy travelling through space: the earth 
is bathed in this energy: it is a part of our habitat.

There is a spectrum of electromagnetic radiation energies, from radio waves, through microwaves and visible light 
ZDYHV��WR�LRQL]LQJ�UDGLDWLRQ��WKH�UDGLDWLRQ�HPLWWHG�E\�WKH�¶EXLOGLQJ�EORFNV·�RI�PDWWHU��RU�atoms.

&HUWDLQ�DWRPV��VXFK�DV�XUDQLXP��DUH�VDLG�WR�EH�¶XQVWDEOH·�RU�radioactive: they have excess internal energy which 
they release in the form of gamma rays or fast-moving sub-atomic (alpha and beta) particles.

Through these spontaneous emissions (decay), the radioactive atom eventually disintegrates into a totally new 
atom. All the time, the atom is progressing in one or more steps towards a stable state where it is no longer 
radioactive. The radiation is referred to as ionising because electrically-charged particles called ions are produced 
LQ�WKH�PDWHULDOV�LW�VWULNHV�

+RZ�5DGLDWLRQ�+XUWV�8V

������DOO�KXPDQV�DUH�PDGH�RI�FHOOV

������HYHU\�FHOO�FRQWDLQV�'1$

������'1$�FDUULHV�WKH�¶VWRU\·�IRU�WKH�FHOO

������UDGLDWLRQ�LQMXUHV�WKH�'1$�VWRU\

������WKH�LQMXUHG�'1$�VWRU\�FDQ�EH�SDVVHG�RQ�WR 
������RWKHU�FHOOV�DQG�WR�\RXU�IXWXUH�JHQHUDWLRQV��

uranium-238 4.47 billion years

thorium-234 24.1 days

protactinum-234m 1.17 minutes

uranium-234 245000 years

thorium-230 8000 years

radium-226 1600 years

radon-222 3.823 days

polonium-218 3.05 minutes

lead-214  26.8 minutes

bismuth-214 19.7 minutes

polonium-214 0.000164 seconds

lead-210  22.3 years

bismuth-210 5.01 days

polonium-210 138.4 days

lead-206  stable
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7<3(6�2)�,21,6,1*�5$',$7,21

(OHFWURPDJQHWLF��RU�¶SKRWRQ·��UDGLDWLRQ

������Gamma rays (similar to X-rays) represent energy 
transmitted in a wave without the movement of 
material but they have great penetrating power and 
FDQ�SDVV�WKURXJK�WKH�KXPDQ�ERG\��7KLFN�EDUULHUV�RI�
concrete, lead or water are used as protection from 
them.

6XEDWRPLF�SDUWLFOHV

������Alpha particles have a positive electrical charge 
and are emitted from naturally occurring heavy 
elements such as uranium and radium, as well as 
from some man-made elements, such as plutonium. 
Because of their relatively large size, alpha particles 
collide readily with matter and lose their energy 
TXLFNO\��7KH\�WKHUHIRUH�KDYH�OLWWOH�SHQHWUDWLQJ�SRZHU�
DQG�FDQ�EH�VWRSSHG�E\�WKH�ÀUVW�OD\HU�RI�VNLQ�RU�
a sheet of paper. However, if alpha sources are 
WDNHQ�LQWR�WKH�ERG\��IRU�H[DPSOH�E\�EUHDWKLQJ�RU�
VZDOORZLQJ�UDGLRDFWLYH�GXVW��WKH\�FDQ�LQÁLFW�PRUH�
severe biological damage than other radiations.

������Beta particles are fast-moving electrons 
(negatively charged) and are much smaller 
than alpha particles and can penetrate up to 2 
FHQWLPHWUHV�RI�KXPDQ�ÁHVK�

������Neutrons and protons are particles from the 
nucleus of atoms, much heavier than electrons

Sub-atomic particles are generally high-linear energy 
transfer (high-LET) radiations, which transfer more 
energy per unit length (more densely ionising) and are 
more destructive as they traverse cells.

Equal doses of different types of radiation produce 
different biological effects – expressed as relative 
biological effectiveness (RBE). The RBE varies with 
radiation type (its LET), the dose and dose rate, and 
biological system. The heavy subatomic particles 
(alpha particles, neutrons) are most biologically 
damaging.

DOXPLQLXP���OHDG������������FRQFUHWH
a   alpha

E����EHWD

J����JDPPD�[�UD\V

QHXWURQV
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5DGLDWLRQ�WUDFN�LQ�GRJ�OXQJ

The image below is a micro-radiograph depicting 
DOSKD�SDUWLFOH�WUDFNV�IURP�D�SOXWRQLXP�SDUWLFOH�LQ�WKH�
lung tissue of a beagle dog.

If the alpha-particle hits the DNA inside a lung cell, 
it may trigger abnormal cell growth and lead to lung 
cancer.



1R�¶VDIH·�GRVH
We exist in a naturally radioactive environment: the 
URFNV�DQG�PRXQWDLQV��WKH�VXQ�LQ�SDUWLFXODU��SURGXFH�D�
background level��$YHUDJH�H[SRVXUH�WR�EDFNJURXQG�
ionising radiation worldwide is measured at 2.4 
millisievert (mSv) per year.  About half of this is from 
radon and its decay products.

However, human activities in the past century have 
greatly increased our exposure to ionising radiation, 
through atomic weapons development, testing and 
use, as well as uranium-mining and nuclear electricity 
generation and through medical diagnostic and 
therapeutic procedures. The on-going atmospheric 
fallout from the the nuclear weapons testing in the 50s 
and 60s adds an average extra dose to us all of 0.02 
mSv per year.

Unfortunately there is no level of radiation exposure 
EHORZ�ZKLFK�ZH�DUH�DW�]HUR�ULVN��HYHQ�ORZ�OHYHO�
medical exposures such as chest X-rays (0.04 mSv 
SHU�WHVW��FDUU\�D�TXDQWLÀDEOH�ULVN�RI�KDUP��:KLOH�KLJK�
doses of ionising radiation will cause greater health 
damage, even low doses are associated with adverse 
environmental and human consequences.

In 2006, a comprehensive review of the effects of 
exposure to low levels of ionising radiation, the 
Biological Effects of Ionising Radiation Vll reports 
(BEIR) was published by the National Academy of 
Sciences in the USA.  The BEIR committee reviewed 
recent epidemiologic studies of the atomic bomb 
survivors, as well as recent studies of populations 
exposed to radiation from medical studies, from 
occupational exposures and from exposure due to 
releases of radioactive materials into the environment.

Even low doses of ionising radiation can cause 
damage to the DNA in living cells. Atoms and 
molecules become excited or ionised , which can:

�� produce free radicals

�� EUHDN�FKHPLFDO�ERQGV

�� SURGXFH�QHZ�FKHPLFDO�ERQGV�DQG�FURVV�OLQNDJH�
between macromolecules

�� damage molecules that regulate vital cell  
processes (e.g. DNA, RNA, proteins).

,Q�UHFHQW�\HDUV�ELRORJLVWV�KDYH�LGHQWLÀHG�VSHFLÀF�
radiation-induced damage at the molecular level to 
base sequences on chromosomal DNA, including 
GRXEOH�VWUDQG�EUHDNV��ODUJH�GHOHWLRQV�DQG�VLVWHU�
chromatid exchange. 

'1$�GDPDJH�DQG�
repair 

Ionising radiation 
injures DNA through two 
mechanisms: 

�� transference of its 
energy to atoms in 
biological tissue which 
then becomes electrically 
charged leading to the 
formation of free radicals 
which then damage the 
FHOO·V�JHQHWLF�EOXHSULQW�
(DNA) leading to genetic 
mutations; and

�� GLUHFW�'1$�GLVUXSWLRQ�DORQJ�WKH�WUDFN�WKH�LRQLVLQJ�
UDGLDWLRQ�WUDYHUVHV�WKURXJK�WKH�FHOO·V�QXFOHXV

'RXEOH�VWUDQGHG�EUHDNV�RFFXU�ZKHUH�ERWK�VWUDQGV�RI�
the double helix DNA molecule are simultaneously 
GLVUXSWHG�UHVXOWLQJ�LQ�D�KLJK�OLNHOLKRRG�RI�PXWDWLRQV��
7KH\�DUH�PRVW�OLNHO\�PHFKDQLVP�WR�FDXVH�JHQHWLF�
mutations. This predisposes to the initiation of cancer 
when the regulatory mechanisms of the cell fail. 
Cancer may not appear for 10-40 years, although 
WKLV�¶ODWHQW�SHULRG·�FDQ�EH�DV�VKRUW�DV���\HDUV�IRU�
OHXNDHPLD��

The cell can repair certain levels of damage in its 
chromosomal DNA. At low doses cellular damage is 
usually repaired. However, faulty repairs may lead to 
cell death or to proliferation of abnormal cells which 
form a cancer. 

At higher radiation levels, cell death results. At 
H[WUHPHO\�KLJK�GRVHV��FHOOV�FDQQRW�EH�UHSODFHG�TXLFNO\�
enough, and tissues fail to function; this can result in 
massive cell death, organ (particularly bone marrow 
and gut) damage and death to the individual.

+($/7+�,03$&76

5(6($5&+�5(3257���� Hiroshima and 
1DJDVDNL�6XUYLYRUV�
This report from 2012 covers deaths 1950-2003, so 
represents very long term follow up of events in 1945.  
86,611 people are included in this cohort. There were 
17% more cancer deaths in those exposed, and these 
were especially in those aged less than 10 at the time 
of the bombing with 58% more deaths in that group. 
7KLV�VWXG\�VKRZV�WKHUH�LV�DQ�LQFUHDVHG�ULVN�RI�G\LQJ�
RI�FDQFHU�WKURXJKRXW�OLIH��DQG�WKLV�ULVN�LQFUHDVHV�
proportional to radiation dose as the group ages. The 
dose response is approximately linear – i.e. twice the 
H[SRVXUH�GRVH� �WZLFH�WKH�ULVN��IRXU�WLPHV�WKH�H[SRVXUH�
GRVH� �IRXU�WLPH�WKH�ULVN�

7KH�ULVN�RI�FDQFHU�PRUWDOLW\�LQFUHDVHG�VLJQLÀFDQWO\�
for most major sites, including stomach, lung, liver, 
colon, breast, gallbladder, oesophagus, bladder and 
RYDU\��$Q�LQFUHDVHG�ULVN�RI�RWKHU�GLVHDVHV�LQFOXGLQJ�
the circulatory, respiratory and digestive systems was 
observed, but more research is needed to show this is 
from radiation. 

0RVW�VLJQLÀFDQWO\�LV�WKDW�WKHUH�LV�QR�VDIH�
ORZHU�GRVH�²�HYHQ�ORZ�GRVH�H[SRVXUH�VKRZHG�
LQFUHDVHG�ULVN�

See page 14 for all research report references
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5(6($5&+�5(3257�����%LRORJLFDO�(IIHFWV�RI�,RQLVLQJ�5DGLDWLRQ�9OO��1$6������
%(,5�9,,�UHFRQÀUPHG�WKDW�WKH�Linear No Threshold (LNT) model: there is no safe lower dose, and the higher the dose the 
KLJKHU�WKH�ULVN�RI�DGYHUVH�KHDOWK�HIIHFWV��7KLV�WKH�PRVW�SUDFWLFDO�PRGHO�WR�HVWLPDWH�UDGLDWLRQ�ULVNV��HVSHFLDOO\�IRU�UDGLDWLRQ�
protection purposes: 
“The balance of evidence from epidemiologic, animal and mechanistic studies tend to favour a simple proportionate 
UHODWLRQVKLS�DW�ORZ�GRVHV�EHWZHHQ�UDGLDWLRQ�GRVH�DQG�FDQFHU�ULVN������>7@KH�ULVN�RI�FDQFHU�SURFHHGV�LQ�D�OLQHDU�IDVKLRQ�DW�
ORZHU�GRVHV�ZLWKRXW�D�WKUHVKROG�DQG�����WKH�VPDOOHVW�GRVH�KDV�WKH�SRWHQWLDO�WR�FDXVH�D�VPDOO�LQFUHDVH�LQ�ULVN�WR�KXPDQV�µ
8VLQJ�WKH�/17�ULVN�PRGHO��WKH�%(,5�9,,�HVWLPDWHG�

'HOD\HG�HIIHFWV���
&DQFHU: If DNA abnormalities are passed on to 
subsequent generations of cells, the abnormal coding 
can lead to tissue abnormalities, including cancers.  
Cancer development is a multistage process, and 
is similar for radiation-associated cancers as for 
spontaneous cancers or those associated with 
exposure to other carcinogens.

At all doses, including doses too low to cause any 
short-term effects or symptoms, radiation exposure 
LQFUHDVHV�WKH�ORQJ�WHUP�ULVN�RI�FDQFHU�DQG�FKURQLF�
disease for the rest of the life of those exposed.
6XFK�FDQFHUV�DQG�RWKHU�LOOQHVVHV�ZLOO�WDNH�PDQ\�
cell generations to develop, so it may be several 
decades before they are detected. The delay in a 
FDQFHU�PDQLIHVWLQJ�PDNHV�LGHQWLÀFDWLRQ�RI�WKH�LQLWLDWLQJ�
UDGLDWLRQ�H[SRVXUH�HYHQW�²�WKH�¶WULJJHU·���YHU\�GLIÀFXOW��

7KLV�GLIÀFXOW\�LV�DPSOLÀHG�E\�WKH�IDFW�WKDW�OHXNHPLD�
and other cancers induced by radiation are 
indistinguishable from  those that result from other 
causes, such as tobacco or other environmental toxins.

5(6($5&+�5(3257����0HGLFDO�7HVWV�LQ�
&KLOGUHQ��&7�6FDQV�
In May 2013 a study in the British Medical Journal 
H[DPLQHG�WKH�FDQFHU�ULVN�LQ�FKLOGUHQ�DQG�DGROHVFHQWV�
following exposure to low dose ionising radiation from 
computerised tomography (CT) scans. The records of 
�����PLOOLRQ�FKLOGUHQ�DQG�DGROHVFHQWV�ZHUH�LGHQWLÀHG�
between 1985 and 2005. Of these, 680,211 individuals 
had a CT scan at least one year before a cancer 
diagnosis.
Overall cancer incidence was 24% greater for exposed 
than for unexposed people.  These included brain 
tumours, many solid tumours (eg bowel, melanoma, 
IHPDOH�JHQLWDO�DQG�WK\URLG���OHXNDHPLD�DQG�O\PSKRLG�
FDQFHUV���7KH�ULVNV�LQFUHDVHG�IRU�WKRVH�H[SRVHG�DW�
younger ages. The increased rates of cancer were 
continuing in the later years of follow up. There was no 
follow up after the trial concluded, so the total lifetime 
ULVN�RI�FDQFHU�FDQQRW�EH�GHWHUPLQHG�
The average dose of radiation per person was 4.5 
mSv, and the average follow up after exposure was 9.5 
\HDUV��7KLV�ODUJH�VWXG\�FRQÀUPV�WKDW�ORZ�GRVH�LRQLVLQJ�
UDGLDWLRQ�KDV�VLJQLÀFDQW�DGYHUVH�KHDOWK�HIIHFWV��7KH�
IROORZ�XS�WLPH�LV�VKRUW��PRUH�FDQFHUV�DUH�OLNHO\�DV�WKHVH�
children and adolescents get older. 

,RQLVLQJ�UDGLDWLRQ�HIIHFWV�RQ�KXPDQV
Radiation effects can be categorised by when they 
appear.

3URPSW�HIIHFWV�� LQFOXGLQJ�UDGLDWLRQ�VLFNQHVV�DQG�
radiation burns.

High doses delivered to the whole body within short 
periods of time can produce effects such as blood cell 
FKDQJHV��IDWLJXH��GLDUUKRHD��QDXVHD��ÀWWLQJ��FRPD�DQG�
death.

7KHVH�HIIHFWV�ZLOO�GHYHORS�ZLWKLQ�KRXUV��GD\V�RU�ZHHNV��
depending on the size of the dose. The larger the 
dose, the sooner a given effect will occur.

Doses over 100 millisievert (mSv) cause a variety 
of both reversible and persistent effects in different 
organs – particularly the blood-forming organs, the 
gastrointestinal system and the central nervous 
system. Doses over 250 mSv cause acute effects 
detectable by common blood testing, and symptoms of 
¶DFXWH�UDGLDWLRQ�VLFNQHVV·�GHYHORS�DW�KLJKHU�GRVHV��

7KH�PDJQLÀHG�LPDJH�EHORZ�LV�D�VOLGH�RI�QRUPDO�KXPDQ�
bone marrow. The second image is aplastic: damage 
to the DNA in the bone marrow cell nuclei has been 
passed on from one cell generation to the next and 
led to marrow failure. The resulting anaemia, immune 
FROODSVH�DQG�EOHHGLQJ�WHQGHQF\�DUH�OLNHO\�WR�EH�IDWDO�LI�
untreated.

QRUPDO

DSODVWLF

�� Over a lifetime, a dose of 1 mSv creates an excess 
ULVN�RI�FDQFHU�RI�DSSUR[LPDWHO\���LQ���������+LJKHU�
GRVHV�DUH��DVVRFLDWHG�ZLWK�SURSRUWLRQDWHO\�KLJKHU�ULVN��
eg a dose of 100 mSv would cause 1 in 100 people to 
develop cancer.

�� Approximately 1 individual in 100 persons would be 
expected to develop cancer from a lifetime (70 years)  
H[SRVXUH�MXVW�WR�EDFNJURXQG�[�DQG�JDPPD�UD\V�
(excluding radon and other high LET radiations).
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1RQ�FDQFHU�GLVHDVHV

,RQLVLQJ�UDGLDWLRQ�LV�DOVR�NQRZQ�WR�LQFUHDVH�WKH�ULVN�
of occurrence and death from some non-cancer 
diseases, including heart and lung disease. Recent 
evidence strongly indicates that circulatory disease 
mortality also increases at low doses, such as occur 
LQ�PDQ\�QXFOHDU�LQGXVWU\�ZRUNHUV��7KH�LQFUHDVHG�ULVN�
of death from heart and other circulatory diseases is 
FRPSDUDEOH�LQ�PDJQLWXGH�WR�WKH�UDGLDWLRQ�FDQFHU�ULVN�

)RU�FDUGLRYDVFXODU�GLVHDVH�ULVN��D�UHFHQW�VWXG\�
LQGLFDWHV�WKDW�WKH�LQFUHDVHG�OLIHWLPH�ULVN�RI�GHDWK�
from circulatory disease estimated for the British 
population is about ten times higher for a child 
exposed to radiation before ten years of age compared 
with exposure occurring after age seventy. These 
differences relate to both increased sensitivity in the 
young and the generally longer remaining years of life 
for effects to become manifest.

5(6($5&+�5(3257�����1XFOHDU�,QGXVWU\�:RUNHUV

,Q�-XQH�������WKH�%ULWLVK�0HGLFDO�-RXUQDO�SXEOLVKHG�D�UHYLHZ�RI�WKH�ULVN�RI�FDQFHU�IURP�ORZ�GRVHV�RI�LRQLVLQJ�UDGLDWLRQ�WR�
ZRUNHUV�LQ�WKH�QXFOHDU�LQGXVWU\�LQ����FRXQWULHV��7KLV�UHSRUW�GHPRQVWUDWHG�D�GHÀQLWH�H[FHVV�ULVN�RI�FDQFHU�

��������ZRUNHUV�ZHUH�LQGLYLGXDOO\�PRQLWRUHG�IRU�H[WHUQDO�UDGLDWLRQ�ZLWK�D�WRWDO�IROORZ�XS�RI�����PLOOLRQ�SHUVRQ�\HDUV��7KH�
H[FHVV�UHODWLYH�ULVN�IRU�FDQFHUV�RWKHU�WKDQ�OHXNDHPLD�ZDV������SHU�6Y��L�H������LQFUHDVH�²�DOPRVW�GRXEOH�SHU�VHLYHUW���7KH�
H[FHVV�UHODWLYH�ULVN�IRU�OHXNDHPLD�H[FOXGLQJ�FKURQLF�O\PSKRF\WLF�OHXNDHPLD�ZDV������SHU�6Y��L�H������RU�DOPRVW�WULSOH�SHU�
Sievert).

2Q�WKH�EDVLV�RI�WKHVH�HVWLPDWHV�������RI�GHDWKV�IURP�FDQFHU�DPRQJ�ZRUNHUV�LQ�WKLV�FRKRUW�PD\�EH�DWWULEXWDEOH�WR�UDGLDWLRQ���
7KHVH�HVWLPDWHV��IURP�WKH�ODUJHVW�VWXG\�RI�QXFOHDU�ZRUNHUV�HYHU�FRQGXFWHG��DUH�KLJKHU�WKDQ�WKH�ULVN�HVWLPDWHV�XVHG�IRU�
FXUUHQW�UDGLDWLRQ�SURWHFWLRQ�VWDQGDUGV��7KH�UHVXOWV�VXJJHVW�WKDW�WKHUH�LV�D�VPDOO�H[FHVV�ULVN�RI�FDQFHU��HYHQ�DW�WKH�ORZ�
GRVHV�DQG�GRVH�UDWHV�W\SLFDOO\�UHFHLYHG�E\�QXFOHDU�ZRUNHUV�LQ�WKLV�VWXG\������RI�ZRUNHUV�UHFHLYHG�FXPXODWLYH�GRVHV�OHVV�
than 50 mSv).

7KHVH�UHVXOWV�LQGLFDWH�WKDW�D�FXPXODWLYH�H[SRVXUH�IRU�DGXOW�ZRUNHUV�RI�����P6Y�²�WKH�FXUUHQW�UHFRPPHQGHG���\�
occupational dose limit – would lead to a 10% increase in mortality from all cancers, and a 19% increased mortality  from 
OHXNHPLD��RI�W\SHV�RWKHU�WKDQ�FKURQLF�O\PSKDWLF�OHXNHPLD���:KLOH�WKH�IDFW�WKDW�WKH�ULVN�IURP�ORZ�OHYHO�UDGLDWLRQ�H[SRVXUH�
PD\�EH�¶VPDOO·�LQ�DQ\�SDUWLFXODU�LQGLYLGXDO��ZKHQ�WKLV�ULVN�LV�WUDQVODWHG�DFURVV�SRSXODWLRQV��WKH�LQFUHDVH�LQ�QXPEHUV�RI�
cancers can be considerable.

5HSURGXFWLYH�HIIHFWV

Rapidly proliferating and differentiating tissues are 
most sensitive to radiation damage.

Consequently, radiation exposure can produce 
developmental problems, particularly in the developing 
brain, when an embryo/foetus is exposed in the 
womb. The developmental conditions most commonly 
associated with prenatal radiation exposure include 
low birth weight, microcephaly, mental retardation and 
other neurological problems.

5(6($5&+�5(3257�����9DVFXODU�'LVHDVH�
�PRVWO\�VWURNHV�DQG�KHDUW�DWWDFNV�

A 2012 review drew on eligible research papers 
SXEOLVKHG�VLQFH������ORRNLQJ�DW�FDUGLRYDVFXODU�GLVHDVH��

,W�ORRNHG�DW�LQGLYLGXDOV�ZKR�KDG�ORZ�GRVH�ZKROH�ERG\�
exposures (cumulative average less than 0.5 Sv whole-
body exposure, or exposures at a low dose rate (i.e. 
less than 10 mSv/day). 

They were all either atomic bomb survivors or 
RFFXSDWLRQDOO\�H[SRVHG��7KH�HVWLPDWHV�RI�ULVN�RI�
increased deaths from circulatory disease are similar to 
those for radiation-induced cancer.  

7KH�RYHUDOO�H[FHVV�ULVN�RI�G\LQJ�DIWHU�H[SRVXUH�WR�ORZ�
doses or low dose rates of radiation may be about 
twice that currently assumed due to radiation-induced 
cancers alone.

5(6($5&+�5(3257�����5LVN�RI�FKLOGKRRG�
FDQFHU�IURP�;�UD\�EHIRUH�ELUWK

Initially reported in 1956, many studies have since 
FRQÀUPHG�WKDW�ORZ�GRVH�LRQLVLQJ�UDGLDWLRQ�LQFUHDVHV�
ULVN�RI�FKLOGKRRG�FDQFHU��7KLV������SDSHU�E\�'ROO�
DQG�:DNHIRUG�UHYLHZHG�WKH�HYLGHQFH�DQG�IRXQG�WKDW�
RQH�DEGRPLQDO�;�UD\�RI�D�IRHWXV�LQFUHDVHG�WKH�ULVN�RI�
childhood cancer by 40%.  
More recently doses of radiation from X-rays have 
reduced. However there was no lower dose threshold 
that has been shown to be safe. The evidence has 
been supported by both a dose response relationship 
�L�H��DV�WKH�H[SRVXUH�LQFUHDVHV�WKH�ULVN�RI�FDQFHU�
increases) and by animal models.
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*HQHWLF�HIIHFWV
Ionising radiation is a powerful cause of genetic damage. 
If the damage to the DNA code occurs in a reproductive 
cell (egg or sperm) the coding error may be passed onto 
offspring, resulting potentially in birth defects and cancers 
in the children. While many plant and animal experiments 
leave no doubt that radiation exposure can alter genetic 
material and cause disease, and human data also show 
DNA and chromosomal damage associated with exposure 
to ionising radiation, a resultant effect on genetic diseases 
has not yet been observed in the case of the Hiroshima and 
1DJDVDNL�VXUYLYRUV���7KLV�GRHV�QRW�PHDQ�WKDW�WKHUH�LV�QR�
such effect in humans.  It may be that there were genetic 
abnormalities produced that were incompatible with life and 
those pregnancies therefore ended in miscarriage.  It may 
also be that an increased rate of genetic abnormalities will 
EH�IRXQG�LQ�IXWXUH�JHQHUDWLRQV��WKDW�LV��WKH�FKDQJHV�ZLOO�VNLS�
one or more generations.
There is no reason to believe humans are immune to 
VXFK�KDUP��(YLGHQFH�LV�HPHUJLQJ�RI�DQ�LQFUHDVHG�ULVN�RI�
OHXNHPLD�LQ�FKLOGUHQ�ZKRVH�SDUHQWV�ZHUH�ERWK�H[SRVHG�WR�
the atomic bombings in Japan.i 
Evidence has also emerged recently that the cell may exhibit 
the phenomenon of genomic instability, where the progeny 
of an irradiated cell may unexpectedly become highly 
susceptible to general mutation and damage is detected only 
after several cell divisions. This may also occur in the progeny 
of cells close to the cell which is traversed by the radiation 
WUDFN�EXW�ZKLFK�WKHPVHOYHV�DUH�QRW�GLUHFWO\�KLW��bystander 

effect). This phenomenon has been reproduced several 
times in laboratory studies of human cells but has not been 
FRQÀUPHG�LQ�OLYLQJ�KXPDQV�DQG�LWV�VLJQLÀFDQFH�IRU�KXPDQ�
GLVHDVH�LV�\HW�WR�EH�FRQÀUPHG�

i *RWR��<��������¶+LJK�/HXNHPLD�5DWH�1RWHG�$PRQJ�.LGV�RI���$�
ERPE�6XUYLYRUV�·�Asahi Shimbun, June 4, http://ajw.asahi.com   

5(6($5&+�5(3257�����1XFOHDU�YHWHUDQV

In 1957/58 the British Government conducted a 
VHULHV�RI�QXFOHDU�WHVWV�LQ�WKH�PLG�3DFLÀF�FRGHQDPHG�
Operation Grapple, which involved several naval 
vessels from Britain and New Zealand. 

Two New Zealand frigates with 551 personnel 
onboard were stationed at various distances between 
20 and 150 nautical miles from ground zero. 
A team of researchers based in NZ applied the 
cytomolecular technique mFISH (multicolour 
ÁXRUHVFHQW� LQ� VLWX� K\EULGLVDWLRQ�� WR� LQYHVWLJDWH� D�
SRWHQWLDO� OLQN� EHWZHHQ� FKURPRVRPH� DEQRUPDOLWLHV�
and possible past radiation exposure in New Zealand 
nuclear test veterans who participated in Operation 
Grapple. 

Compared to age matched controls, the veterans 
VKRZHG� VLJQLÀFDQWO\� KLJKHU� IUHTXHQFLHV� RI�
chromosomal abnormalities (translocations 
and dicentrics) and complex chromosomal 
rearrangements in the nuclear veterans.

YHWHUDQ�VDPSOH

+LJK�ULVN�LQGLYLGXDOV
Infants are about four times as sensitive to radiation 
cancer-inducing effects as middle-aged adults (2). Recent 
UHVHDUFK�VXJJHVWV�WKDW�WKH�LQFUHDVHG�OLIHWLPH�ULVN�RI�GHDWK�
from circulatory disease estimated for the British population 
is about ten times higher for a child exposed to radiation 
before ten years of age compared with exposure occurring 
after age seventy.i�7KLV�VWXG\�HVWLPDWHV�WKH�ULVN�RI�GHDWK�
from solid cancer following radiation exposure before age 
WHQ�ZDV�HVWLPDWHG�DW�PRUH�WKDQ�WZHQW\�WLPHV�WKH�ULVN�IRU�
exposures occurring above age seventy. Although yet to be 
FRQÀUPHG��WKHVH�GLIIHUHQFHV�DUH�EHOLHYHG�WR�UHODWH�WR�ERWK�
increased sensitivity in the young and the longer remaining 
years of life for the effects to manifest.
Adult females are overall at close to 40 percent greater cancer 
ULVN�DV�PDOHV�IRU�WKH�VDPH�GRVH�RI�UDGLDWLRQ��0RUHRYHU��
women who are carriers of BRCA1/2 gene mutations, 
ZKLFK�SXW�WKHP�DW�KLJK�ULVN�RI�GHYHORSLQJ�EUHDVW�FDQFHU��
have recently been shown to have heightened sensitivity to 
LQFUHDVHG�FDQFHU�ULVN�IURP�H[SRVXUH�WR�UDGLDWLRQ�ii 
i /LWWOH��HW�DO��������¶6\VWHPDWLF�5HYLHZ�DQG�0HWD�$QDO\VLV�RI�
Circulatory Disease from Exposure to Low-level Ionizing Radiation and 
(VWLPDWHV�RI�3RWHQWLDO�3RSXODWLRQ�0RUWDOLW\�5LVNV�·�Environmental Health 

Perspectives, vol. 120, no. 11 (November), pp. 1503–1511.
ii 3LMSH�HW�DO��������¶([SRVXUH�WR�'LDJQRVWLF�5DGLDWLRQ�DQG�5LVN�
of Breast Cancer Among Carriers of BRCA1/2 Mutations: Retrospective 
&RKRUW�6WXG\��*(1(�5$'�5,6.�·�British Medical Journal, Sept vol. 345.
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5HFRPPHQGHG�H[SRVXUH�OHYHOV
5DGLDWLRQ�KHDOWK�DXWKRULWLHV�XVH�VFLHQWLÀF�PRGHOOLQJ�
WR�FDOFXODWH�DQG�VHW�¶SHUPLVVLEOH�OLPLWV·�IRU�LRQLVLQJ�
UDGLDWLRQ�H[SRVXUH��$V�WKH�VFLHQWLÀF�WHFKQLTXHV�KDYH�
become more sophisticated, the recommended 
H[SRVXUHV�IRU�WKH�SXEOLF�DQG�WKH�ZRUNIRUFH�KDYH�
VWHDGLO\�EHHQ�UHGXFHG��OHYHOV�RQFH�UHJDUGHG�DV�¶VDIH·�
DUH�QRZ�NQRZQ�WR�EH�DVVRFLDWHG�ZLWK�FDQFHUV��ERQH�
marrow malignancies and genetic effects.

The dose limits recommended in 1991 by the 
International Commission on Radiological Protection 
(ICRP) which are most widely used internationally areii: 
�� for occupational exposures, 20 mSv/y averaged 

over 5 y, with no more than 50 mSv in any 1 y
�� for the public, 1 mSv/y
These recommended occupational limits are more 
than 12 times lower that those recommended in the 
HDUO\�����V�DW�WKH�WLPH�RI�WKH�ÀUVW�%ULWLVK�QXFOHDU�WHVW�
explosions in Australia.

ii International Committee on Radiological Protection ICRP, 
������¶5HFRPPHQGDWLRQV�RI�WKH�,&53·��2[IRUG��3HUJDPRQ�3UHVV��
1991 (ICRP publication 60).

5(6($5&+�5(3257�
����5DGRQ�JDV�
H[SRVXUH�
Worldwide everyone is 
exposed to radon gas 
naturally, but levels vary 
widely from place to 
SODFH��5DGRQ�LV�NQRZQ�
as a lung carcinogen 
(causes cancer). Radon 

is a naturally occurring radioactive gas which can 
accumulate in enclosed places, including houses 
and other buildings. Uranium ore releases radon gas. 
Protective gear and ventilation reduces exposure in 
mines.
In 2006, studies found direct evidence of a lung cancer 
ULVN�IURP�WKH�SUHVHQFH�RI�UDGRQ�JDV�LQ�PDQ\�KRPHV��
prompting a revision of safety levels, according to the 
8QLWHG�1DWLRQV�6FLHQWLÀF�&RPPLWWHH�RQ�WKH�(IIHFWV�RI�
Atomic Radiation (UNSCEAR). 
UNSCEAR reports ample evidence of carcinogenic 
effects of radiation not only in the occupational dose 
range (up to 20mSv/annum) but also in the overall 
lesser residential dose range (of 1-10mSv per annum 
depending on where in the world you live). In fact, for 
WKH�ÀUVW�WLPH��VWXGLHV�KDYH�PHDVXUHG�LQFUHDVHV�LQ�OXQJ�
cancer in the general public from radon mainly in their 
KRPHV��SUHYLRXVO\��WKH�ULVN�ZDV�H[WUDSRODWHG�IURP�WKH�
old data from uranium mining where the doses were 
very high).
The UNSCEAR paper predates the doubling of the 
UDGRQ�OXQJ�FDQFHU�ULVN�WKDW�WKH�,&53��,QWHUQDWLRQDO�
Commission on Radiological Protection) has 
recommended. The Australian Radiation Protection 
and Nuclear Safety Agency (ARPANSA) is currently 
VXUYH\LQJ�ZRUNHUV·�H[SRVXUHV�DW�2O\PSLF�'DP�XUDQLXP�
mine to update previous studies done in 1990. 
:LWK�WKH�QHZ�UDGRQ�ULVN�OHYHOV��LW�LV�SRVVLEOH�WKDW�
some of the highest exposures might even exceed 
the occupational limits even in open pits, if weather 
FRQGLWLRQV��LQYHUVLRQ�OD\HUV�ZKLFK�NHHS�JDV�FORVH�WR�WKH�
surface) occur to trap the radon. 

5(&(17�5(6($5&+�),1',1*6 on lower 
OHYHO�LRQLVLQJ�UDGLDWLRQ�HIIHFWV�RQ�KXPDQV

Summary:

�� Even at low doses of radiation there is clear 
HYLGHQFH�RI�LQFUHDVHG�ULVN�RI�FDQFHU�DQG�
cardiovascular disease. There is no safe 
lower dose.

�� 7KH�ULVN�RI�LQFUHDVHG�FDQFHUV�KDV�EHHQ�
clearly shown in studies with very large 
QXPEHUV�RI�SHRSOH���ZRUNHUV�LQ�WKH�QXFOHDU�
industry, children having CT Scans, survivors 
RI�1DJDVDNL�DQG�+LURVKLPD��PLQH�ZRUNHUV�
and householders exposed to raised levels of 
radon gas and in unborn children when their 
mothers had had abdominal X-rays. 

�� 7KH�ULVN�RI�GHDWK�IURP�FDUGLRYDVFXODU�
diseases is similar to that of dying of cancer, 
and the role of radiation causing other types 
of illness is currently being researched. As 
D�UHVXOW�WKH�RYHUDOO�H[FHVV�ULVN�RI�G\LQJ�IURP�
exposure to low doses of radiation may be 
twice (or more) than that currently assumed 
from cancer alone. 

�� The trend in research over the last couple 
of decades, as each bit of new evidence 
HPHUJHV��LV�WKDW�WKH�ULVNV�DUH�JUHDWHU�WKDQ�
previously thought. There is now clear 
evidence that low dose exposures are 
harmful. The greater the exposure, the greater 
WKH�ULVN�

&XUUHQW�OHYHOV�RI�UHFRPPHQGHG�
H[SRVXUH�DUH�DJDLQ�XQGHU�FKDOOHQJH�
DV�WKH�WHFKQLTXHV�RI�PROHFXODU�
DQG�UDGLDWLRQ�ELRORJ\�EHFRPH�
LQFUHDVLQJO\�UHÀQHG��UHYHDOLQJ�
PLFUR�GDPDJH�WR�LQWUDFHOOXODU�
VWUXFWXUHV�

6R��FXUUHQW�¶SHUPLVVLEOH·�OHYHOV�RI�
H[SRVXUH�DUH�QRW�LQKHUHQWO\�VDIH�
DQG�DUH�OLNHO\�WR�XQGHUJR�IXUWKHU�
GRZQZDUG�UHYLVLRQ�
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(;$03/(��� 8UDQLXP�PLQLQJ
:KDW�LV�XUDQLXP"�
Uranium is a naturally occurring radioactive heavy 
metal, present in extremely low concentrations all over 
WKH�ZRUOG��LQ�VRLO��URFN�DQG�ZDWHU��,W�H[LVWV�LQ�VHYHUDO�
FRQÀJXUDWLRQV��NQRZQ�DV�isotopes. The commonest 
isotope is U-238 (over 99% in nature), but the isotope 
prized by the nuclear industry is U-235. When the 
8�����IRUP�LV�VXIÀFLHQWO\�FRQFHQWUDWHG�²�YLD�DQ�
industrial process called enrichment�²�D�ÀVVLRQ�FKDLQ�
reaction can be achieved and sustained. Nuclear 

ÀVVLRQ is the energy source of atomic weapons and 
nuclear reactors. From the 1940s to the 1960s, 
uranium was mined primarily to fuel nuclear weapons, 
but since the 1970s most of the mined uranium is 
processed into fuel for nuclear reactors.

+RZ�LV�LW�PLQHG"�
Uranium is widespread across the planet in 
H[WUHPHO\�ORZ�FRQFHQWUDWLRQV�EXW�VHOGRP�VXIÀFLHQWO\�
concentrated to be economically recoverable. 
Uranium ore can be mined by underground or open-
cut methods, depending on its depth. The extracted 
ore is crushed and ground up, then treated with acid 
to dissolve the uranium, which is then recovered 
from solution. Uranium may also be mined by in situ 
leaching (ISL), where it is dissolved from the ore-body 
and pumped to the surface for further processing.

([SRVXUH�SDWKZD\V
Humans and their habitat are exposed to uranium and 
its decay progeny through mining and processing and 
disposal of the uranium-bearing ore: 
�� Miners are exposed to radiation from the radon 

gas which is present in elevated concentrations in 
mines – especially underground mines.

�� :RUNHUV�LQ�WKH�SURFHVVLQJ�PLOOV�ZKHUH�WKH�XUDQLXP�
is extracted from the excavated ore are exposed to 
radioactive dust.

�� :RUNHUV�DQG�PHPEHUV�RI�WKH�JHQHUDO�SXEOLF�DUH�
exposed to radiation from the waste stream, 
HVSHFLDOO\�WKH�ZDVWH�URFN��NQRZQ�DV�tailings.  

�� Uranium and its progeny leach into groundwater 
and expose surrounding populations to the 
chemical and radio-toxicity, particularly when 
GULQNLQJ�ZDWHU�VXSSOLHV�DUH�DIIHFWHG�

5DGLRDFWLYH�GHFD\
8UDQLXP��OLNH�DOO�UDGLRDFWLYH�HOHPHQWV��XQGHUJRHV�D�
process of decay. Over long time-spans, the uranium 
releases energy and changes its form to produce 
other, distinct, elements in a continuous cascade. 
7KH�8�����LVRWRSH�WDNHV�����ELOOLRQ�\HDUV�WR�GHFD\�E\�
ÀIW\�SHUFHQW�²�NQRZQ�DV�RQH�half-life – all the while 
producing other radioactive materials.  Important decay 
SURGXFWV�LQ�WKH�XUDQLXP�FDVFDGH�²�NQRZQ�DV�progeny 
– include thorium, radium, radon gas, polonium and 
bismuth. All of these are radioactive wave or particle 
emitters.

+HDOWK�HIIHFWV
Uranium is important both as: 
�� a chemical toxin�²�LW�LV�D�KHDY\�PHWDO��MXVW�OLNH�

QLFNHO�RU�FKURPLXP��DQG�
�� as a radioactive toxin - via its decay progeny.

&DQFHU
Radon gas is regarded as the second most potent 
cause of lung-cancers globally, after tobacco, and 
its hazardous nature has been well documented 
over decades, in multiple studies in many countries. 
The decay products of the gas of particular note are 
radioactive lead, bismuth and polonium – alpha and/or 
beta emitters – which are deposited in lung tissue as 
they decay from inhaled gaseous radon. 

8UDQLXP�ZDVWH�KD]DUGV
Although the uranium is extracted from the mined ore 
for further processing, most of the radioactivity (from 
XUDQLXP�SURJHQ\��UHPDLQV�LQ�WKH�ZDVWH�URFN��7KLV�
ZDVWH�URFN�²�WKH�WDLOLQJV�²�LV�WKHQ�GLVSRVHG�RI��XVXDOO\�
in the vicinity of the minesite. 

The tailings can constitute enormous volumes of 
radioactive material over the life of a mine: the Olympic 
Dam mine in South Australia has already generated 
well over one million tonnes of tailing waste after over 
twenty years in operation. The residual radioactive 
progeny includes thorium-230 which decays to 
produce radon gas: with a half-life of 76 000 years, 
thorium 230 will produce radon for many millennia. 

In the atmosphere, radon decays into the radioactive 
solids polonium, bismuth, and lead, which enter water, 
crops, trees, soil, and animals, including humans. 

,Q�LQWDFW�URFN�IRUPDWLRQV��UDGRQ�JDV�LV�ODUJHO\�WUDSSHG�
ZLWKLQ�WKH�URFN��,Q�WKH�ÀQHO\�JURXQG�WDLOLQJV��UDGRQ�JDV�
has multiple access routes, particularly through wind 
and water, to the surface and the atmosphere. 

Depending on the quality of tailings management, the 
people living in the surrounding environment will be 
exposed to the radiation from radon gas and radium-
contaminated dust over succeeding generations.

,03257$17�&2175,%87,1*�6285&(6
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(;$03/(��� $WRPLF�ZHDSRQV

In 1947 the US National Academy of Sciences set up 
WKH�$WRPLF�%RPE�&DVXDOW\�&RPPLVVLRQ��QRZ�NQRZQ�
as the Radiation Effects Research Foundation, which 
conducts health and on-going mortality studies in 
WKH�FRKRUW�RI�+LURVKLPD�DQG�1DJDVDNL�DWRPLF�ERPE�
survivors.  There were 9,335 deaths from solid cancer 
and 31,881 deaths from non-cancer diseases during 
the 47-year follow-up.i 

7KH�H[FHVV�ULVN�RI�OHXNHPLD��VHHQ�HVSHFLDOO\�DPRQJ�
those exposed as children, was highest during the 
ÀUVW����\HDUV�DIWHU�H[SRVXUH�DQG�KDV�FRQWLQXHG�WR�
decrease throughout the study period. However, the 
H[FHVV�ULVN�IRU�FDQFHUV�RWKHU�WKDQ�OHXNHPLD�FRQWLQXHV�
WRGD\��DQG�LW�VHHPV�OLNHO\�WKDW�WKLV�H[FHVV�ULVN�ZLOO�
persist throughout the lifetime of the survivors. 

Excess rates for radiation-related cancers increased 
WKURXJKRXW�WKH�VWXG\�SHULRG�DQG�UHODWLYH�ULVN�LV�KLJKHVW�
for those exposed as children. 

The evidence for radiation effects on non-cancer 
PRUWDOLW\�UHPDLQV�VWURQJ��ZLWK�ULVNV�HOHYDWHG�E\�DERXW�
14% per sievert during the last 30 years of follow-up. 
6WDWLVWLFDOO\�VLJQLÀFDQW�LQFUHDVHV�DUH�VHHQ�IRU�KHDUW�
GLVHDVH��VWURNH��GLJHVWLYH�GLVHDVHV��UHVSLUDWRU\�DQG�
blood diseases.

Among the approximately 3,000 atomic-bomb 
survivors exposed in utero, the following results have 
been observed: a reduction in IQ as radiation dose 
increases, a higher incidence of mental retardation 
among the heavily exposed, and impairment in the rate 
of growth and development on average. 

See also research report #1.

i Preston DL et al. Studies of mortality of atomic bomb 
survivors. Report 13: Solid cancer and noncancer disease mortality: 
1950-1997. Radiat Res 2003; 160(4): 381-407

(;$03/(��� $WPRVSKHULF�QXFOHDU�WHVW�
explosions
From 1945 to 1980, 423 announced nuclear weapons 
test explosions were conducted in the atmosphere, 
resulting in radioactive fallout distributed globally. By 
the year 2000, this had resulted in an estimated global 
collective dose of 5.4 million person-sievert, or 1.4 
mSv for every inhabitant of the planet. 

Assuming a world population of 10 billion over 
PLOOHQQLD�WR�FRPH��WKH�WRWDO�UDGLDWLRQ�GRVH�WKH�ZRUOG·V�
population is committed to as a result of these 
explosions is estimated at 30.4 million person-sievert.

These doses are estimated to have already resulted in 
430,000 additional fatal cancers worldwide by the year 
2000, and a total of 2.4 million extra cancer deaths 
long-term.ii  

While this is a substantial health cost all of us pay 
for atmospheric nuclear tests, it represents only a 
small increase in global cancer rates – too small to 
be detected by epidemiological studies, except for 
WHVW�ZRUNHUV�DQG�GRZQZLQG�FRPPXQLWLHV�PRUH�KLJKO\�
exposed. 

This example highlights how even small increases in 
ULVN��ZKHQ�DSSOLHG�WR�YHU\�ODUJH�QXPEHUV�RI�SHRSOH�
over a long period of time, can result is substantial 
numbers of people suffering from radiation-related 
diseases.

ii International Physicians for the Prevention of Nuclear War 
and Institute for Energy and Environmental Research. Radioactive 
KHDYHQ�DQG�HDUWK��/RQGRQ��=HG�%RRNV�������
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(;$03/(��� )XNXVKLPD�²�XQIROGLQJ�
UDGLRDFWLYH�LQMXU\

2Q����0DUFK�������DQ�HDUWKTXDNH�IROORZHG�E\�D�
series of tsunami waves devastated the east coast of 
7RKRNX��WKH�QRUWK�HDVWHUQ�UHJLRQ�RI�+RQVKX��-DSDQ·V�
PDLQ�LVODQG��7KH�HDUWKTXDNH�DQG�WVXQDPL�KLW����
UHDFWRUV�LQ���QXFOHDU�SRZHU�VWDWLRQV�RQ�WKH�3DFLÀF�
FRDVW��8QLWV�2QH�WR�)RXU�RI�WKH�VL[�)XNXVKLPD�'DLLFKL�
units were devastated, resulting in massive release 
of radioactivity into the environment. The other 10 
reactors escaped meltdown and radioactive release 
E\�D�VHULHV�RI�OXFN\�FLUFXPVWDQFHV��EXW�WKH\�ZHUH�
nevertheless damaged considerably. 

The impacts of the nuclear disaster have been 
enormous. More than 100,000 people are still 
homeless and some will never be able to return. 
3UHOLPLQDU\�VFLHQWLÀF�HVWLPDWHV�RI�WKH�ORQJ�WHUP�
cancer death toll range from hundreds to around 
������7KH�GHDWK�WROO�FRXOG�ULVH�VLJQLÀFDQWO\�LI�PDQ\�
people resettle in contaminated areas. Contamination 
with long-lived radionuclides will persist for many 
generations — caesium-137 will be a concern for 
about 300 years. Direct and indirect economic costs 

of the disaster will amount to several hundred billion 
dollars. It will be decades before the ruined reactors 
are decommissioned and decades before the legal 
battles have concluded.

&RQFHUQV�RYHU�WKH�KHDOWK�RI�ÀUHPHQ��VLWH�ZRUNHUV��
and some general public inside and outside of the 
exclusion zone and other scheduled zones are 
addressed comprehensively in a further energyscience 
factsheet.

(;$03/(����&KHUQRE\O
¶)RU�WKH�ÀUVW�WLPH��ZH�FRQIURQW�WKH�UHDO�IRUFH�RI�
QXFOHDU�HQHUJ\��RXW�RI�FRQWURO·�
Mikhail Gorbachev

The accident at the Chernobyl Nuclear Power Plant 
on April 26, 1986 consisted of an explosion at the 
plant and subsequent radioactive contamination of the 
surrounding geographic area. 
A plume of radioactive fallout drifted over parts of the 
western Soviet Union, Eastern and Western Europe, 
6FDQGLQDYLD��WKH�8.��,UHODQG�DQG�HDVWHUQ�1RUWK�
$PHULFD��/DUJH�DUHDV�RI�8NUDLQH��%HODUXV��DQG�5XVVLD�
were badly contaminated, resulting in the evacuation 
and resettlement of over 336,000 people.
Reports by the UN Chernobyl Forum and the World 
Health Organisation in 2005-06 estimated up to 4,000 
eventual deaths among the higher-exposed Chernobyl 
populations and an additional 5,000 deaths among 
populations exposed to lower doses in Belarus, the 
5XVVLDQ�)HGHUDWLRQ�DQG�8NUDLQH�

A study by Elizabeth Cardis and her colleagues 
published in 2006 in the International Journal of 
Cancer estimates 16,000 deaths.i  Research published 
LQ������E\�8.�UDGLDWLRQ�VFLHQWLVWV�,DQ�)DLUOLH�DQG�
David Sumner estimated 30,000 to 60,000 deaths.ii  A 
2006 report commissioned by Greenpeace estimates 
a death toll of about 93,000. The variation in these 
ÀJXUHV�UHÁHFWV�WKH�LQHYLWDEOH�GLIÀFXOW\�RI�FDOFXODWLQJ�
illness and death rates from statistical formulae, rather 
than actual cases. Such prediction-hazards are even 
PRUH�FRPSOH[�LQ�WKH�FDVH�RI�)XNXVKLPD�

i &DUGLV�(���������¶(VWLPDWHV�RI�WKH�FDQFHU�EXUGHQ�LQ�
(XURSH�IURP�UDGLRDFWLYH�IDOORXW�IURP�WKH�&KHUQRE\O�DFFLGHQW�·�
International Journal of Cancer, Sep 15; 119(6):1224-35.
ii )DLUOLH�,��6XPQHU�'���������¶7KH�RWKHU�UHSRUW�RQ�&KHUQRE\O�
�725&+�·��%HUOLQ��$SULO�������$YDLODEOH�DW�ZZZ�QLUV�RUJ�

�� Predicted excess cases of thyroid cancer range 
between 18,000 and 66,000 in Belarus alone 
GHSHQGLQJ�RQ�WKH�ULVN�SURMHFWLRQ�PRGHO�

�� Other solid cancers with long latency periods are 
beginning to appear over 20 years after the accident.

�� %HODUXV��8NUDLQH�DQG�5XVVLD�ZHUH�KHDYLO\�
FRQWDPLQDWHG��EXW�PRUH�WKDQ�KDOI�RI�&KHUQRE\O·V�
fallout was deposited outside these countries.

�� Fallout from Chernobyl contaminated about 40% 
RI�(XURSH·V�VXUIDFH�DUHD��7KH�,QWHUQDWLRQDO�$WRPLF�
Energy Agency (IAEA) estimates a total collective 
dose of 600,000 person-sieverts over 50 years from 
Chernobyl fallout. Applying the Linear No Threshold 

(/17��ULVN�HVWLPDWH�RI������IDWDO�FDQFHUV�SHU�VLHYHUW�
gives an estimate of 60,000  deaths.

5$',2$&7,9(�)$//287�$)7(5�&+(512%</
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&$6(�678'<��� 0DULH�&XULH������������ 

Marie Curie studied radioactive materials, particularly pitchblende, the ore from which 
uranium was extracted, which had the curious property of being more radioactive than the 
XUDQLXP�H[WUDFWHG�IURP�LW��2YHU�VHYHUDO�\HDUV�RI�XQFHDVLQJ�ODERXU�VKH�UHÀQHG�VHYHUDO�WRQV�
of pitchblende, progressively concentrating the radioactive components, and eventually 
LVRODWLQJ�WZR�QHZ�FKHPLFDO�HOHPHQWV��7KH�ÀUVW�ZDV�QDPHG�SRORQLXP�DIWHU�0DULH·V�QDWLYH�
country Poland, and the other was named radium from its intense radioactivity.

0XFK�RI�KHU�ZRUN�ZDV�FDUULHG�RXW�LQ�D�VKHG�ZLWK�QR�VDIHW\�PHDVXUHV��6KH�FDUULHG�WHVW�
WXEHV�FRQWDLQLQJ�UDGLRDFWLYH�LVRWRSHV�LQ�KHU�SRFNHW�DQG�VWRUHG�WKHP�LQ�KHU�GHVN�GUDZHU��
UHVXOWLQJ�LQ�PDVVLYH�H[SRVXUH�WR�UDGLDWLRQ��6KH�UHPDUNHG�RQ�WKH�SUHWW\�EOXH�JUHHQ�OLJKW�WKH�
VXEVWDQFHV�JDYH�RII�LQ�WKH�GDUN�

She died in 1934 after decades of ill health from aplastic anemia  (bone marrow failure).

Her daughter Irene won the Nobel Prize in Chemistry in 1935. In 1938 her research on the action of neutrons on 
WKH�KHDY\�HOHPHQWV��ZDV�DQ�LPSRUWDQW�VWHS�LQ�WKH�GLVFRYHU\�RI�QXFOHDU�ÀVVLRQ�

6KH�GLHG�LQ�3DULV�LQ������IURP�OHXNHPLD�DOPRVW�FHUWDLQO\�FRQWUDFWHG�DV�D�UHVXOW�RI�KHU�ZRUN�

&$6(�678'<��� $OLFH�6WHZDUW������������ 

British epidemiologist Alice 
6WHZDUW·V�ÀUVW�PDMRU�ZRUN�RQ�
the health effects of radiation 
was a study she co-authored 
while at Oxford about 
LQFUHDVLQJ�UDWHV�RI�OHXNHPLD�
among children. 

Called the Oxford Study of 
&KLOGKRRG�&DQFHU��WKH�ZRUN�
was published in The Lancet 
in 1956.

7KH�VWXG\�ZDV�D�ODQGPDUN�
LQ�WKH�KLVWRU\�RI�UDGLDWLRQ�VFLHQFH��WKH�ÀUVW�
epidemiological study to examine the health effects of 
small doses of radiation. Using detailed questionnaires 
administered to the mothers of study subjects, Stewart 
compared prenatal exposures among children who had 
GLHG�RI�OHXNHPLD�ZLWK�WKRVH�RI�FKLOGUHQ�ZKR�KDG�GLHG�
of other forms of cancer. She then compared these 
data to results from living controls matched for age, 
sex, and region. Children from both cancer groups had 
received twice the amount of prenatal X-rays as had 
the living children.

Stewart and her colleagues concluded that the effect 
of a single diagnostic X-ray, which was a mere fraction 
RI�ZKDW�ZDV�FRQVLGHUHG�D�´VDIHµ�GRVH�DW�WKDW�WLPH��
GRXEOHG�WKH�ULVN�RI�FKLOGKRRG�FDQFHU�

7KLV�ÀQGLQJ�ZDV�D�VXUSULVH�WR�6WHZDUW�DQG�ZDV�QRW�
ZHOFRPH�LQ�WKH�VFLHQWLÀF�FRPPXQLW\��(QWKXVLDVP�IRU�
nuclear technology was at a high point in the 1950s, 
and radiography was being used for everything from 
treating acne and menstrual disorders to ascertaining 
VKRH�ÀW��;�UD\V��DV�6WHZDUW�SXW�LW��´ZHUH�WKH�IDYRXULWH�
WR\�RI�WKH�PHGLFDO�SURIHVVLRQµ��7KH�%ULWLVK�DQG�
American governments were investing heavily in the 
arms race and promoting nuclear energy, and there 
was little willingness to recognise that radiation was 
as dangerous as Stewart claimed. She never again 
received a major grant in England.

For the next two decades, however, she and her 
VWDWLVWLFLDQ��*HRUJH�.QHDOH��H[WHQGHG��HODERUDWHG�
DQG�UHÀQHG�WKHLU�GDWDEDVH�DQG�D�VHFRQG�UHSRUW�
appeared in the British Medical Journal in 1958. This 
DQDO\VLV�²�ZKLFK�WUDFNHG����SHUFHQW�RI�DOO�FKLOGKRRG�
cancers occurring in Britain between 1953 and 1955 – 
FRQÀUPHG�WKH�HDUOLHU�ÀQGLQJV�

Subsequent expansion of the number of children 
VWXGLHG�XS�WR�WKH�DJH�RI����\HDUV�FRQÀUPHG�WKDW�
exposure to prenatal x-rays was associated with 
D�VWDWLVWLFDOO\�VLJQLÀFDQW�OHXNHPLD�ULVN��DQG�D�����
LQFUHDVH�LQ�ULVN�RI�FKLOGKRRG�FDQFHU�DW�ORZ�GRVHV�RI����
20 mGy (see Case Study #6).

In the 1970s major medical bodies recommended 
that pregnant women should not be X-rayed, and the 
practice virtually ceased throughout the world. 

Meanwhile, the single largest source of ionising 
radiation comes from medical procedures (48%) – 
VXFK�DV�SODLQ�;�UD\V��QXFOHDU�PHGLFLQH�SURFHGXUHV�OLNH�
bone scans and computerised axial tomography – or 
CT scans. 

Having a CT scan of the abdomen (dose 12mSv) adds 
RQH�FKDQFH�LQ�D�WKRXVDQG�WR�RXU�ULVN�RI�GHYHORSLQJ�
fatal cancer. We already face a one-in-four chance 
RI�GHYHORSLQJ�IDWDO�FDQFHU�LQ�RXU�OLIHWLPH��%XW�WKH�ULVN�
adds up across our life, so any additional radiation 
GRVH�DGGV�WR�WKH�ULVN��GRXEOH�WKH�GRVH�PHDQV�GRXEOH�
WKH�ULVN���

5HGXFLQJ�RXU�GRVH�RI�UDGLDWLRQ�OHVVHQV�WKH�ULVN�RI�
UDGLDWLRQ�FDXVLQJ�FDQFHU�EXW�GRHV�QRW�UHPRYH�LW��

1R�GRVH�LV�DEVROXWHO\�¶VDIH·��5DGLDWLRQ�SURWHFWLRQ�LV�DOO�
about avoiding exposure, or minimising it. 

¶3HUPLVVLEOH·�H[SRVXUH�OHYHOV�DUH�D�ODVW�UHVRUW��LI�
avoidance and minimisation procedures fail. Just 
meeting permissible thresholds is not good safety 
practice. 
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�� DOSKD�SDUWLFOHV�a highly ionising form of particle radiation

�� DSODVWLF the bone marrow cannot generate mature blood cells.

�� atom a basic unit of matter consisting of a nucleus, made 
up of protons (positive charge) and neutrons (neutral) and 
surrounded by a cloud of electrons (negative)

�� EHWD�SDUWLFOHV�high-energy, high-speed electrons or positrons, 
100 times more penetrating than alpha particles.

�� DNA a molecule that encodes the genetic instructions for the 
development and functioning of living organisms

�� XUDQLXP�HQULFKPHQW�the concentration of the U-235 isotope 
by removing other isotopes

�� JDPPD�UD\V�extremely high frequency / high energy, wave-
form ionising radiation

�� JHQRPLF�LQVWDELOLW\�a high frequency of mutations within the 
gene sequence of a particular cell-line

�� KDOI�OLIH�the time required for half of the radioactive atoms in a 
sample to undergo decay

�� LQVLWX�OHDFK��L6/��mining through boreholes drilled into a 
deposit

�� ions electrically-charged particles

�� ionisation radiation which produces ions in the materials it 
VWULNHV

�� isotope variants of a particular element, with the same 
number of protons, but a different number of neutrons in the 
nucleus

�� QHXWURQV neutral charge particles in the atomic nucleus

�� PLOOLVLHYHUW��P6Y���VLYHUW��6Y��a measure of the health 
effect of low levels of radiation on the human body

�� SURJHQ\ decay products

�� protons positive charge particles in the atomic nucleus

�� UDGLRDFWLYH�GHFD\ a nucleus of an unstable atom loses 
energy by emitting ionising radiation

�� WDLOLQJV the materials left over after separating the valuable 
fraction from an ore-body
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Dr. Bill Williams, is a General 
3UDFWLWLRQHU�RQ�9LFWRULD·V�6XUIFRDVW�
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energyscience.org.au is a cooperative production by a group 
of concerned scientists, engineers and policy experts that 
VHHN�WR�SURPRWH�D�EDODQFHG�DQG�LQIRUPHG�GLVFXVVLRQ�RQ�WKH�
future energy options for Australia.

With increasing concern over the looming impact of global 
climate change the community needs to be aware of the 
issues involved.  energyscience aims to provide reliable and 
evidence based information to our whole community.
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