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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”
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The energy profile of a nuclear explosion: .

154 Nuclear Radiation

35% Thermal Energy




Icons used in this paper:

\ Inmediate Gamma / Neutron Radiation

Fall-Out / Persistent Radioactivity




People survived the bombs in shelters,
often underground.

Radiation doses were high enough to
literally cook human flesh.

Inside shelters the levels of gamma and
neutron radiation was reduced.

Some estimated radiation exposures
were comparable to medical and

occupational exposures today.

Exposure was from one quick flash.




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 RADIATION HAS INTERGENERATIONAL

CONSEQUENCES

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

STORIES CANBE /A
PASSED ON TO OUR 4

CHILDREN.
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lonizing Radiation:
Non-Cancer Medical Impacts




Medical Impacts of lonizing Radiation:
Cancer

Development of cancer from mutation produced by ionizing radiation

lonizing radiation harms our cells.



lonizing radiation induces direct DNA damage and indirect damage through the radiolysis of
water.
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Radiation is more harmful to children




U.S. National Academy of Science:
Biological Effects of lonizing Radiation (BEIR VIl 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 VII Phase 2 Risk Model




Lifetime Cancer fatalities among those

exposed to ionizing radiation as adults




Females have 50% more
high-risk tissue

comParecl to males
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Human Lifecycle — typical presentation



Full Human Lifecycle



Green circle = VISIBLE in radiation policy decisions
Gray = INVISIBLE

Increased Cancer Risk by Age at Exposure to 20mSv Radiation

Acute exposure (one time)
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U.S. National Academy of Sciences BEIR VII Phase 2 Risk Model




Responsible radiation regulation:
Life Cycle Protection

Increased Cancer Risk by Age at Exposure to 20mSv Radiation
Acute exposure (one time)
1,00X

\ Females

cases per 100,000 age-peers
3S1I pasealoul Jo abejusalad

éO 3I0 40
age

U.S. National Academy of Sciences BEIR VII Phase 2 Risk Model




Radiation Exposure in Pregnancy:

Three Generations




A-Bombs: One fast pulse of external ionizing

radiation — like an X-ray

Medical X-Ray image




BRITISH MEDICAL JOURNAL

LONDON SATURDAY JUNE 28 1958

A SURVEY OF CHILDHOOD MALIGNANCIES

BY

ALICE STEWART, M.D., F.R.C.P., JOSEFINE WEBB,* M.B., and DAVID HEWITT, M.A. o 7 h . I d h h
From the Department of Social Medicine, Oxford University cee C I re n W O ave

been x-rayed in utero
are...twice as likely to die
of a malignant disease
before their tenth
birthday as other
children.”

 “Childhood canceris a
post-birth defect.”

--Dr. Alice Stewart

@Robert Del (ed.icj






RESEARCH

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

David B Richardson, Elisabeth Cardis,?** Robert D Daniels,> Michael Gillies,® Jacqueline A
O’Hagan,® Ghassan B Hamra,” Richard Haylock,® Dominique Laurier,® Klervi Leuraud,®
Monika Moissonnier,? Mary K Schubauer-Berigan,® Isabelle Thierry-Chef,? Ausrele Kesminiene®
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Relative rate of mortality due to all cancer otherthan
leukaemia by categories of cumulative colon dose, lagged
10 years in INWORKS. Vertical lines=90% 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
thoughtto be more dangerousthan 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.”



Nuclear Power Stations: In 2015 there were
391 operable reactors worldwide
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Lifetime exposure This graphis based on a one-time exposure

EXAMPLE (not observed) to 20 mSv (acute) radiation [BEIR VII]
20 mSV —La €ar for Increased Cancer Risk by Age at Exposure to 20mSv Radiation

/0 years

US Nuclear Regulatory
Commission predicts:

Cancerdeath=1in7

[“Reference Man”]
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cancer death=1in3



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




Diaspora

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

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

* Harrisburg... [Three Mile Island]

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

A Diaspora is not a good “data set.”



Visible damage from Plutonium emitting
alpha radiation in lung tissue




Dr Donnell Boardman:
Radiation is a physical event

* 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 stayin 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 P
Contains our genetic information \{¢
Nucleotides, chemical building Core

blocks that have 4 nitrogen bases:

@ Cytosine + @ Guanine

The DNA &
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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.

e 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.



Safecast.org / Crowdsourcing detection
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| made this bGeigie detector
from a SAFECAST kit available on
Amazon.com




Meta-analysis of
published findings on
radiation from Chernobyl

“...mutation rates increased strongly in
contaminated areas compared to control
sites with normal background radiation.

“Furthermore, there were significant
differences in mean effect size among taxa,
including interspecific differences.

“The magnitude of the biological effect
revealed by our meta-analysisof radiation-
caused mutations can be classified as
unusually large.”

SCIENTIFIC O (‘5,
REP{%}RTS "

Strong effects of ionizing radiation from
v e, Chernobyl on mutation rates

ECOLOGICAL GENETICS Anders Pape Mealler' & Timothy A. Mousseau?
EVOLUTIONARY GENETICS

Figure 1| Distribution of radioactive contamination in the Chernobyl region. Adapted with permission from ref. 2.



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.
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Spikes of radioactive emissions during inspection and
Weapons refuelling
Nuclear Energy and Gundremmingen Nuclear Power Station, Bavaria, Germany
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- German data reveal huge spikes in radioactive Berlin, Feb 26-28, 2016
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In September 2011, Gundremmingen NPP
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about 3 kBq/m3, but during
inspection/refuelling (in the afternoon
IPPNW Germany and evening of September 22nd) this
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Averaging—a means to “meet” regulation

* Across time

* Across geographic areas

* Across numbers of individuals

* Across ages

* Across genders

* Imposing these upon the future—opportunity cost

 When exposures are not actually averaged, neither are the
consequences
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No Cure

Only
Prevention







John F. Kennedy: April 2, 1960

“Radiation, in its simplest terms - figuratively, literally and
chemically - is poison .... there is no amount of radiation so
small that it has no ill effects at all on anybody. There is
actually no such thing as a minimum permissible dose.
Perhaps we are talking about only a very small number of
individual tragedies - the number of atomic age children with
cancer, the new victims of leukemia, the damage to skin
tissues here and reproductive systems there - perhaps these
are too small to measure with statistics. But they nevertheless
loom very large indeed in human and moral terms.”





