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Nuclear Power Stations: In 2015 there were
391 operable reactors worldwide
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| will speak of our human lifecycle—however
radioactivity also impacts all life on Earth




Radiation regulation has been based on
“Reference Man”







lonizing Radiation: No Safe Dose

* All regulatory agencies acknowledge that every exposure to ionizing
radiation carries risk of harm:

There is no “safe” dose of ionizing radiation:
It is not safe for adult males.
Recent findings:

lonizing radiation is even less safe for children and for females.



Radiation Induced Chromosomal Aberrations,
as seen with microscope
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RADIATION AND HEALTH

IT BREAKS THE
STORIES OUR BODIES
HOLD THAT KEEP US
HEALTHY. DAMAGED

STORIES CAN BE /4
PASSED ON TO OUR 4
CHILDREN. 7

RADIATION HAS INTERGENERATIONAL
CONSEQUENCES
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lonizing Radiation:
Non-Cancer Medical Impacts




Medical Impacts of lonizing Radiation:
Cancer

Cancer Cell

Development of cancer from mutation produced by ionizing radiation

lonizing radiation harms our cells.






Radiation is more harmful to children




U.S. National Academy of Science:
Biological Effects of lonizing Radiation (BEIR VII Phase 2)
published 2006.



Survivor Lifespan Study




Lifetime Risk of Cancer Incidence

(acute exposure between birth and age five)




Increased Cancer Risk by Age at Exposure to 20mSv Radiation
Acute exposure (one time)
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Data Source: U.S. National Academy of Sciences BEIR VIl Phase 2 Risk Model




Lifetime Cancer fatalities among those

exposed to ionizing radiation as adults




Females have 50% more
hig|'1~risl< tissue

comparecl to males

e

/ -







Green circle = VISIBLE in radiation policy decisions
Gray = INVISIBLE

Increased Cancer Risk by Age at Exposure to 20mSv Radiation
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Hiroshima and Nagasaki are unique;

not conservative

* Deaths that came after the blasts, between
1945 and 1950 not included in data;

e Survivors studied 1950 -- 2005 are STRONGER
group than any “general population”



RESEARCH

OPENACEESS  Risk of cancer from occupational exposure to ionising radiation:
@ retrospective cohort study of workers in France, the United
Gppitak Kingdom, and the United States (INWORKS)

David B Richardson,! Elisabeth Cardis,?** Robert D Daniels,® Michael Gillies,® Jacqueline A
(Hagan,® Ghassan B Hamra,” Richard Haylock,® Dominique Laurier,® Klervi Leuraud,®
Monika Moissonnier,? Mary K Schubauer-Berigan,” Isabelle Thierry-Chef,? Ausrele Kesminiene?

2.0

Relative rate
r

100 200 300 400 500 600 700
Cumulative dose (MGy)

Relative rate of mortality due to all cancerother than
leukaemia by categories of cumulative colon dose, lagged
10 years in INWORKS. Vertical lines=20% confidence

* “Study question: Is protracted exposure to
low doses of ionizing radiation associated
with an increased risk of solid cancer?”

e “Although high dose rate exposures are
thought to be more dangerous than low dose
rate exposures, the risk per unit of radiation
dose for cancer among radiation workers was
similar to estimates derived from studies of
Japanese atomic bomb survivors.”



Responsible radiation regulation:
Life Cycle Protection

Increased Cancer Risk by Age at Exposure to 20mSv Radiation
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Radiation Exposure in Pregnancy:

Three Generations




Environmental Contamination:
Chernobyl and Fukushima

Gamma levels in proximity to Fukushima Daiichi, map
40% of Europe contaminated above 4,000 Bq / m? constructed by Lionel Bergeret from SAFECAST data
by Chernobylreactor explosionin 1986




Lifetime exposure This graph is based on a one-time exposure
EXAMPLE (not observed) to 20 mSv (acute) radiation [BEIR VII]

20 mSv a year for
/0 years

US Nuclear Regulatory
Commission predicts:

Increased Cancer Risk by Age at Exposure to 20mSv Radiation
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Diaspora

* Definition: the dispersion of any people from their original homeland.

* There is no moral ground in which to require people to stay Iin their
homes after a meltdown. These communities have become
Diasporas:

* Harrisburg... [Three Mile Island]

* Pripyat... [Chernobyl]
* Futaba, Namie,Tomioka... [Fukushima]

A Diaspora is not a good “data set.”



Visible damage from Plutonium emitting
alpha radiation in lung tissue
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Dr Donnell Boardman:
Radiation is a physical event

e Every radiation exposure is unique;

* An exposure so small it cannot be measured may still result in cancer;

e Radiation is a PHYSICAL event, and like any collision, no two are exactly
alike;

* The body’s repair mechanisms are miraculous, but not perfect;

* Imperfect repairs may result in cancer (out of control cell reproduction).



Internal exposure outcomes:

Final stage of apoptosis White blood cell

Apoptotic cell .

What type of radioactivity?
Where in the body does it
concentrate?

How long does it stay in the body?

Alpha, beta, gamma are all more

damaging when emitted inside our
body.

How cells repair DNA

The Nobel Prize for Chemistry awarded for work
that set out the mechanics of the process

DNA Cell
Deoxyribonucleic acid (T
Contains our genetic information (¢
Nucleotides, chemical building Core

blocks that have 4 nitrogen bases:
@ Cytosine + @ Guanine

The DNA £
@& Adenine + @ Thymine double £,
helix
Work that
improves
understanding ~ Research has
of how cells *  applications
| Paul Modrich "“r"':;“’m"u't:‘z: treatments
United States against
cancer

Demonstrated the mismatch
mechanism: how the cell corrects errors
€© Two enzymes detect
that the bases don’t
matcl

Replication

defective
strand © Athird enzyme detects the
is replaced correct DNA strand

Thomas Lindahl Sweden

Base excision repair

DNA deteriorates naturally

@ Cytosine can lose an
amino group, forming
a base called uracil

@ Enzymes cut out the
defect, then the
damaged nucleotide

© DNAfills in the gap

Chromosome

Nucleotide

+phosphate
- Nucleic base

Aziz Sancar
Turkey / United States
Nucleotide excision repair

Repairs DNA An enzyme
damage from 3 7& finds and
outside agents removes
3 i damaged
(uV radiation, onds

carcinogenic

substances)
The damage means 5 cuts then
the bases do not ;‘i" rebuilds %

bind correctly the DNA strand

Source: Nobel Prize. AFP
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suicide program invasion of
fails, orcellis  uncontrolled  other tissues
no DNA repair, protected; proliferation
mutantcell  More mutations
survives occur
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apoptosis no tendency spreading
to spread malignancy
cell benign
elimination tumour



Dr. Dennis Nelson: “DOSE” is not accurate

* The concept of a “dose” is based on toxic substances that can be diluted to
the point where they are not toxic.

* Radiation is not like poison. It is a physical event that results in physical
damage.

* Now we know that bodies are not the same. Age, gender, genetic factors
can all influence the outcome of a radiation exposure.

* A “Rem” or Sievert” does not describe the complexity of radiation harm.



Bio-Accumulation
Aquatic food-chain

Concentration of heavy metals (including
many radionuclides) is higher in larger fish
since each step in the chain has a higher
concentration than the one below.

Tritium is radioactive hydrogen and while it
does not concentrate, tritium goes anywhere
in the body that water goes, including across
the placenta.

Albacore
Halibut

Krill
Salmon
Pollock

Oyster
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