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This submission will focus on Question 3.9 from Issues paper 3 and try to provide the background
which I believe should have been provided in a Radiation Issues Paper to go with the other issues
papers.
Q3.9: “What are the lessons to be learned from accidents, such as that at Fukushima,
in relation to the possible establishment of any proposed nuclear facility to generate
electricity in South Australia? Have those demonstrated risks and other known safety
risks associated with the operation of nuclear plants been addressed? How and by what
means? What are the processes that would need to be undertaken to build conﬁdence
in the community generally, or in speciﬁc communities, in the design, establishment
and operation of such facilities?”
The use of the words “demonstrated risks” makes this pretty a much a “Have you stopped beating
your wife” question; but the last 30 years of science on DNA, radiation and the the causes and
mechanisms of cancer has been pretty well hidden in science journals and medical conferences.
So, this submission will try to paint a picture of that science in lay language and this will reveal
the biases in the question.

1

Prolog

In Adelaide at the Royal Commission forum in Bonython Hall at the University of Adelaide
23rd of May, I asked Commissioner Scarce whether he had a cancer expert or epidemiologist on
his staﬀ. The answer was that he didn’t but could co-opt such people if required.
Anybody who has observed the opposition to nuclear power in many countries over recent
decades will understand that the root cause of opposition is fear. Fear that radiation from
accidents or even normal operation will spawn a legacy of cancers and malformed babies. But
the Royal Commission appears to have staﬀ in every nuclear area except for precisely that which
fuels public fear.
It’s rather like having an inquiry into expanding our tobacco industry without involving any
lung cancer specialists.
So the ﬁrst lesson still to be learned from nuclear accidents is that the wrong specialists keep
getting consulted. Neither cancer nor fear of cancer are engineering issues. So where are the
radiotherapists, the oncologists, the epidemiologists and the psychologists?
But in one sense, experts won’t solve the problem. The gaps between what they know and the
images that drive public perception are too great. Anybody reading the headline “2,000 dead
in skate board accident” knows it is ridiculous … we all know enough about skate boards to
know this is impossible. On the other hand, a headline of “2,000 dead in Pitcairn tsunami”
might be believed by anybody who didn’t know that the Pitcairn islands have a population
of about 50. But such is the ignorance about radiation and nuclear power that all manner of
the world’s news media printed an impossible headline about 2,000 dead a few days after the
Chernobyl accident in 1986 and many people are ready to believe stories about a million cancers.
The public needs a better set of mental images about cancer and radiation and how the latter
ﬁts into the pantheon of cancer causes. Among other things, this submission will contain my
attempt at a lay language characterisation of the modern understanding of cancer.
2

Other lessons not learned concern our news media. “If it bleeds it leads” is a common refrain
in the news business, but editors are quick to cut real human suﬀering and journalists generally
prefer less uncomfortable tasks. After the 2011 Japanese quake and tsunami, hospitals were
crowded with horriﬁc injuries and makeshift morgues were overﬂowing. But news crews were
outside these hospitals rather than inside and pictures of a couple of Fukushima workers running
a gauntlet of TV news crews with minor radiation burns quickly went global. How could an event
with no casualties so rapidly displace an event that killed 18,000? People love horror movies,
and these are at their best when the monster is more imagined than real. Fear of catastrophe
without any signiﬁcant suﬀering is far better prime time viewing than the real thing.
Recommendation: How do we get a free press to avoid fear based media marketing?
I don’t have an answer to this question but I’d implore the Commission to consider
the issue.
A second media problem, one that should be solvable, is deep and seemingly deliberate ignorance.

2

Risks highlighted at Fukushima and Chernobyl

The demonstrated health risks associated with the Fukushima meltdowns are various and it’s
simple to show that radiation was and remains the smallest. Fear of radiation demonstrably
killed more people than radiation could ever have. Fear caused the evacuation, suicides, despair
and the long term disruption of many lives. Lets consider the various problems demonstrated
by the events at Fukushima in 2011 and ongoing.

2.1

Media ignorance

There is a long history of incompetent reporting by news media during nuclear reactor accidents.
When the Ciba oil reﬁnery caught ﬁre1 in Japan during the 2011 earthquake, it burned for 10
days, spreading a plume of carcinogenic and otherwise toxic fumes over a vast area. It appeared
as a small news item on one night and then vanished. Has anybody estimated the cancers that
might result? Were the asthma attacks counted? Nuclear reactor accidents aren’t just given
more publicity, but very diﬀerent publicity.
In 1986, when steam blew the top oﬀ the reactor at Chernobyl in Ukraine, headlines emerged
just four days later: “2,000 dead!” said The Age and most of Western newspapers.
1

http://www.cosmo-oil.co.jp/eng/information/110321/index.html
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Not only didn’t this happen, it was impossible. First, there weren’t even 2,000 people on site.
Second, even extremely large doses of radiation don’t kill that quickly. Journalist Tim Colebatch
(still at The Age), like every other western journalist, relied on US Diplomat Kenneth Adelman.
Adelman trained in religion and philosophy and it appears that only God knows where he got
his information. He said the Russian account of just two deaths was “preposterous”. When US
Doctor Robert Gale arrived in Chernobyl, he worked with Russian doctors to do bone marrow
transplants and administer new cutting edge drugs, but eventually had to watch 29 people die2
over the next three months. The Russian account was correct, but it’s the impossible claim of
thousands that dominates many memories. Of course, by 1986 there had already been decades
of radiation fear stories, so people were well prepared to believe the impossible.
But before leaving Chernobyl, it’s worth noting that the age standardised rate of cancer in
Ukraine is 192 per 100,0003 per year. In Australia and the United States its 323 and 318 per
100,000 respectively per year. The cancers that were caused by Chernobyl were caused by short
half-life isotopes and not by any long term contamination. There were some 6,000 thyroid
cancers4 in people who were exposed as children and adolescents with most being considered to
be due to radiation. There have been very few deaths because thyroid cancer has a very low
fatality rate. Part of the problem was poor nutritional status in the population which meant
2

http://www.ncbi.nlm.nih.gov/pubmed/21253129
http://globocan.iarc.fr/Pages/fact_sheets_population.aspx
4
http://www.unscear.org/unscear/en/chernobyl.html
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radioactive iodine was readily absorbed. In a population with a good iodine status, this would be
far less of a problem. We are talking about 6,000 cases from the three countries most aﬀected by
the accident: Russia, Belarus and Ukraine. The Chernobyl reactor had no concrete containment
vessel around the reactor pressure vessel and modern designs make a Chernobyl scale accident
impossible.
Some people still live in the Chernobyl exclusion zone. A group of women who refused to leave
are the subject of a 2015 documentary The Babushkas of Chernobyl 5 . They grow and consume
food in the area. Do these people have two heads? Or glow in the dark? Or suﬀer any of the
sludge bucket of sci-ﬁ radiation fantasies? No. For wildlife, the Chernobyl accident has bought
the dual blessing of very few people and particularly no hunters except those with cameras. A
recent project installed 84 cameras throughout the exclusion zone and very quickly captured6
10,000 images of animals in the region; including wolves, Przeswalski horses, foxes and the ﬁrst
solid evidence of brown bears.
How do the impacts of the Chernobyl accident on people compare with a carcinogenic lifestyle,
like that in Australia?
If Ukraine alone had had Australian cancer rates during the past 29 years, they’d have had an
extra 1.5 million cancers and most would have been far less treatable than thyroid cancer.
And if the three countries most impacted by Chernobyl had had Australian cancer rates, they’d
have had an extra 7 million cancers. Put simply, nuclear accidents are trivial compared to7
obesity, inactivity and red and processed meat. I didn’t mention cigarettes in the preceding list
of cancer causes because Australian lung cancer rates are actually a little lower than those in
Ukraine. We have done extremely well in reducing smoking rates!
After that aside, I need to return to the story of why so many people were (and still are!) ready
to believe such impossible stories about Chernobyl in those early days after the accident.
2.1.1 The origin of fear … obsolete science
The fear stories kicked oﬀ around 1960 when Linus Pauling used four key assumptions8 about
radiation and genes in his estimate of the number of cancers and birth defects9 which fallout
from atmospheric atomic bomb testing would cause. His assumptions have long since been
demonstrated to be false; not just a little bit, but jaw-droppingly wrong. It wasn’t Pauling’s
fault, he had no idea how wrong contemporary science was on such matters. Back then, genes10
were thought to be essentially unchanging, with natural mutations occurring perhaps once in a
hundred thousand generations see Jan 1958, p.1911 .
What’s the modern estimate of mutations? It’s that every one of your 20,000 genes is mutated
in about a billion cells of your body12 during your lifetime. Apparent stability was the result
5

http://thebabushkasofchernobyl.com/
http://www.bbc.com/news/science-environment-32452085
7
http://www.dietandcancerreport.org/expert_report/
8
http://scarc.library.oregonstate.edu/coll/pauling/peace/notes/1960a.4-ts-07-large.html
9
http://www.sciencemag.org/content/128/3333/1183.abstract
10
http://www.amazon.com.au/GreenJacked-derailing-environmental-action-climate-ebook/dp/
B00MN7UPH6
11
http://books.google.com.au/books?id=dQkAAAAAMBAJ
12
http://www.amazon.com/gp/product/0815344546
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of both crude measurement technology and mistaking eﬃcient repair for no damage. It’s rather
like looking at clean city streets and concluding that the city generates no garbage.
Before proceeding we need to understand radiation units just a little. At a crude level, the
kind of radiation we are talking about, ionising radiation, is measured by the amount of energy
deposited in your body as it interacts with your molecules. A full body dose is said to be 1
Gray if it deposits 1 joule in every kilogram of your body. So a person weighing 70 kg getting
a 1 Gray dose of radiation will absorb 70 joules of energy. A single teaspoon of sugar will give
you about a thousand times more energy and the process by which that sugar (or any other
food) is absorbed and turned into energy is a much bigger source of damage to the DNA in
your body. If there had been no evacuation at Fukushima, adults would have received, during
the ﬁrst 12 months, about 50 milli Grays of radiation (Table C11)13 ; one twentieth of a Gray.
The damage done to your DNA by the normal biological process of turning food into energy
is similar to the damage you’d get if you received about 1.5 to 2 Grays; every single day. Put
another way, normal DNA damage is about 10,000-15,000 times greater than the public was
getting from radiation at Fukushima (1). The damage we are talking about is most serious kind
… simultaneous breaks in both DNA strands; double strand breaks (DSB). This is generally
considered the most serious type of damage because it is toughest to repair. As I said, Pauling
knew none of this but was jaw-droppingly wrong.
2.1.2 Incompetence continues … helicopter pilots “sloughing their skins”
Within a week of the quake and tsunami having killed 18,000 in northern Japan, Australia’s
media had switched its focus almost entirely from that vast tragedy to the events at Fukushima.
Crikey.com journalist Guy Rundle wrote eloquently about the helicopter pilots of Fukushima14 :
As I write, the Japanese are conducting direct overﬂies … most likely a suicide mission
for the pilots and crew. The Soviets resorted to this earlier, during the Chernobyl
crisis … No one knows how many died, but they died outside of the glare of publicity.
The Japanese crews will slough their skin and muscles, and bleed out internally under
the full glare of the world’s media.
As I remarked earlier, if we read a story about 2,000 people dying in a skate board accident,
we all know instantly that something is amiss, but journalists can and do, like Rundle, say
anything they like about a radiation event and people just lap it up. It’s as if normal rules of
journalistic behaviour are suspended when nuclear accidents are discussed. It should have taken
Rundle about 60 seconds to ﬁnd an authoritative source describing exactly what happened to
the helicopter pilots of Chernobyl; nothing15 . Their average radiation dose was about 260 milli
Grays, not enough to feel anything at all, let alone “slough” your skin. It’s certainly enough,
in a single dose, to raise your cancer risk a little, but not as much as other common lifestyle
choices … like being overweight or eating bacon.
I’m guessing we’d have heard about it had the Japanese helicopter pilots suﬀered so much as a
sore throat; we haven’t.
13

http://www.unscear.org/docs/reports/2013/14-06336_Report_2013_Annex_A_Ebook_website.pdf
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Recommendation: Guy Rundle is neither stupid, or uneducated, so I’d suggest the
Commission ask Rundle to testify and to please explain his behaviour.
ABC journalist Mark Willacy wrote an entire book about the Fukushima accident under the
misapprehension that Chernobyl was a nuclear explosion!16 A nuclear explosion would have
levelled some square kilometers and killed everybody within that area, whereas the actual steam
explosion merely wrecked one building and killed just two people. This is a little like mistaking a
head cold for an ebola outbreak. Unlike Pauling, Willacy’s mistake can’t be excused by historical
context.
Recommendation: Like Rundle, Willacy isn’t stupid, so I’d also suggest the Commission ask Willacy to testify and ask for an explanation. Never has fact checking
been easier; there is simply no excuse for such deep ignorance in a professional
journalist.
These examples illustrate the dismal quality of the information, much of it simply false, that
has shaped the attitude of many Australians to nuclear accidents and thus to nuclear power. It
certainly shaped mine until late in 2008 when I spent some months fact checking and realised
just how badly I had been misinformed.
So we have a long history of journalists who ask the wrong people and will print the most
preposterous and impossible stories as if they are fact and we have a Royal Commission missing
the most important expertise that it needs to deal with the kind of public fear that drove the
evacuation around Fukushima in 2011 and which still prevents people returning home.
Is it any wonder that people don’t learn from nuclear accidents? Too many people who should
know better seem to go out of their way to avoid anything passing for expertise and information
on radiation, DNA, genes and cancer; particularly cancer.
This Royal Commission has a wonderful opportunity to straighten many records and I look
forward to it doing so. But it will need to understand the causes of public fear and to marshal
about three decades of the science that contradict the basic premises of those opposed to nuclear
power. Much of this science comes not just from radiation studies but basic research into cell
biology and cancer.
But it isn’t just the news media that seem to go out of their way to ignore evidence, the Government of Japan provides an excellent, but tragic, example with its response to the meltdowns
at Fukushima in 2011.

2.2

Government fear

We expect our Governments to make decisions in our interests and based on the best available
evidence. The International Atomic Energy Agency has published guidelines17 to cover events
like Fukushima and Japan is a member of the IAEA.
Why were they ignored by the Japanese Government? Would an Australian Government behave
similarly? I hope not. Lets consider what these guidelines say.
There are broadly two areas of concern:
16
17

http://bravenewclimate.com/2013/09/06/willacys-fukushima/
http://www-pub.iaea.org/MTCD/publications/PDF/Pub1467_web.pdf
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• bursts of radiation which make people sick, and
• longer term exposures that can raise risks of cancer (and a few other less common problems).
The ﬁrst generally only relates to workers at a nuclear facility, which this submission won’t deal
with. Table 3 of the IAEA guidelines details appropriate actions for various radiation levels.
The table uses strict technical language, so I need to interpret and simplify just a little. The
IAEA uses Sieverts as units. For the most relevant type of ionising radiation the public would
be exposed to after an accident, a Sievert is the same as a Gray and both are measured in joules
per kilogram.
So what kind of eﬀective doses should be avoided? Keep in mind I’m only talking about the
kinds of exposures relevant to the general public, whereas the IAEA guidelines deal with the
workers as well.
An urgent evacuation is called for in Table 3 if the projected eﬀective dose is expected to be 100
milli Sieverts in 7 days. Temporary relocation is recommended for a projected full body dose of
100 milli Sieverts over a year. You may recall that I gave the ﬁgure above for radiation averted by
the evacuation … 50 milli Sieverts. So the Fukushima evacuation was and remains inconsistent
with these guidelines; guidelines which we’ll later show are extremely conservative. It’s also
worth noting that the IAEA explicitly allows people to bend the guidelines but recommends not
increasing the levels in Table 3 by anything more than a factor of 2 to 3.
So the evacuation was in deﬁance of the IAEA guidelines, but more than that, its scale and
pace was extreme. Why on earth would you throw the elderly and inﬁrm onto buses because of
a hypothetical and uncertain fear of a miniscule increase in cancer risk over the next 30 years?
This was the knee jerk reaction of a Government made irrational by ignorance and fear.
But the sick and elderly are one thing, children are another. We all, quite rightly, judge risks
to children somewhat diﬀerently and they are treated with considerable detail in the IAEA
guidelines.
But we need to understand how you could get a 100 milli Sievert eﬀective dose. Imagine you
are holding a radiation dosimeter and the reading is 11 micro Sieverts per hour. Multiply this
by 24 and then 365. This means you’d get a 100 milli Sievert dose if you stood on that spot
for a year and nothing changed. But that’s not how people live. Your actual annual dose will
depend on many things; for example, where you work, how much time you spend indoors, what
you eat, whether you live in a wooden or brick house, and so on.
So the IAEA has separate Operational Intervention Levels (OIL) which specify radiation
levels as they might easily be measured in a real situation … typically 1m above the ground with
one of these little devices. The OIL at which temporary relocation is recommended is (OIL2)
and they explicitly note:
The recommended actions for OIL2 take into account those members of the public
most vulnerable to radiation exposure (e.g. infants and pregnant women).
So the numbers in this table aren’t eﬀective doses, but radiation measurement levels. And what
is the level at which OIL2 kicks in? It’s 100 micro Sieverts per hour, or 876 milli Sieverts per
8

year, as measured by gamma radiation one metre from the ground. What was the highest level
actually measured on the ground at the time? According to the UNSCEAR 2013 report (p.163),
it was 55 micro Sieverts per hour at Okuma … which is 481 milli Sieverts per year.
Put simply, the IAEA estimates that infants and pregnant women would not absorb suﬃcient
radiation to suﬀer any measurable risk increase even at the most radioactive place at the time.
It’s also worth adding that the UNSCEAR 2013 report18 (Paragraph 33 and 117) notes that
direct measurements of internal radiation (ie., from radioactive material that was ingested or
inhaled) were available shortly after the accident and indicated doses 3 to 5 times lower than
theoretical estimates.
At radiation levels below OIL2, the IAEA recommends some avoidance of local produce, particularly milk, but is careful to advise that local food is better than no food!
In summary, based on the highest recorded radiation levels in the area at the time, the IAEA
recommendations do not indicate the need for the evacuation of anybody; not even infants who
are particularly susceptible to radiation.
In addition, since Fukushima, there has been a study demonstrating no DNA damage at a whole
body dose of 1 Gray per year, which is roughly 10 times higher than the IAEA eﬀective doses
which would have justiﬁed a temporary relocation. I’ll say more about this study below.
So the IAEA guidelines had considerable builtin safety margins but were, nonetheless ignored
by the Japanese Government who ordered an urgent evacuation in which people died.
When a community has been misinformed over decades, it can be diﬃcult to give evidence based
advice without being accused of a cover up or dishonesty. Indeed, the anti-nuclear movement
accuses anybody who isn’t with them of being an industry shill … or worse, of lying and deception.
This poses a dilemma, should a government tell the truth and advise a population that the risk
is neglible or far lower than many they accept readily, or should it try to appear to be taking ﬁrm
protective action by ording an evacuation? The mixed messages involved in trying to do both
are obvious. Probably the best course of action would have been to have senior Government
Ministers take up temporary residence in the closest township to the reactors … with their
families.
Put simply, the Government of Japan ignored the IAEA guidelines and carried out an unnecessary
urgent evacuation which lead to many deaths; at least 15019 .
The Japanese Prime Minister of the day, Naoto Kan, wasn’t just ignorant, but, judging from
my own recollections of his countenance during Press Conferences at the time, and from Mark
Willacy’s accounts in his ﬂawed, but sometimes excellent book Fukushima, Kan was terriﬁed.
We can’t blame Kan for being terriﬁed. Some people are terriﬁed of ﬂying. It’s not rational
and we don’t blame them, but we don’t let them unleash their personal fears on the populace
by banning air travel and closing airports.
Recommendation: If nuclear power is to proceed in Australia, we need a mechanisms to ensure a rational decision making process in the event of any radiation
release which is guided by science rather than by the fears of individuals.
18
19

http://www.unscear.org/docs/reports/2013/14-06336_Report_2013_Annex_A_Ebook_website.pdf
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2.3

Public unfamiliarity with risk measurement

We all understand that a hundred people dying in their teens or middle age from a cancer is
very much worse than a hundred extra people dying in their 70s or 80s from cancer instead of
heart disease or stroke or kidney disease. Professional health statisticians understand this, and
tend to compare diseases using years of life lost or, better still, disability adjusted life years20
when comparing diseases.
But when anti-nuclear campaigners claim that, for example, there may be 180 cancers as a
result of the Fukushima accident which is it that they are talking about? A shift in the way
180 people will eventually die, or something far more tragic? And are such calculations valid,
or just part of a grand oral tradition passed on for the past 50 years with little connection to
modern discoveries about cancer, its causes and the way DNA functions?
Let’s consider these questions in turn. First, for deﬁniteness, let’s pretend that 150,000 people
are evacuated because of a nuclear accident and suppose someone claimed that 180 of these will
get cancer because of radiation. People do make and publish such claims. For example, a 2012
paper (2) estimated that Fukushima would cause 180 cancers. The paper even presumes to give
a 95 percent conﬁdence interval of 24 to 1800. The actual number of evacuues at Fukushima
was considerably smaller, but assuming 150,000 makes the following calculations particularly
simple.
We know from current cancer rates in Japan21 that about 20 percent (30,000) of any randomly
chosen 150,000 people in Japan will get cancer before they are 75. So, is the claim of 180 cancers
equivalent to a claim that there will now be 30,180 getting cancer before age 75?
At this point, it’s worth comparing this purported cancer change with an activity which would
deﬁnitely increase cancer rates in these evacuees. Had these people been permanently evacuated
to a country like the US or Australia, their cancer rate would have risen. It is well established22
that as migrants adopt the lifestyles of their new home, their cancer rates rise (or fall) to
match. In the US or Australia, some 30 percent of people get cancer before 75, so had the
150,000 moved to either of these countries, then instead of 30,180 cancers, they’d be looking at
something approaching the 50,000 mark. The younger generation would pay the highest price,
because they adapt most fully to the new culture and lifestyle. This is a dramatic shift in the
way people die and there might even be a reduction in life expectancy; particularly if they moved
to the US where life expectancy is considerably lower than in Japan.
One radiation exposure event which has been particularly well studied isn’t a nuclear accident
but the atomic bombings of Hiroshima and Nagasaki. This is very diﬀerent because the radiation
dose was delivered quickly instead of over days, weeks and months. It’s the diﬀerence between
sculling glasses of whisky and having a few millilitres daily. The survivors of these atomic
bombings got a fairly signiﬁcant radiation hit and have been well studied. Their overall cancer
rate rose 11 percent23 ; far smaller than the increase that would have followed had they moved
to the US or Australia. The median loss of life for doses below 1 Sievert was about 2 months24 .
20

http://www.who.int/gho/mortality_burden_disease/daly_rates/en/
http://globocan.iarc.fr/Pages/fact_sheets_population.aspx
22
http://www.dietandcancerreport.org/expert_report/
23
http://www.rerf.jp/radefx/late_e/cancrisk.html
24
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One Sievert from being bombed is a much bigger dose delivered at a much faster rate than
anything at Fukushima.
Even a signiﬁcant radiation release, like that at Fukushima, is very diﬀerent from something
like smoke from a bush ﬁre wafting over a populated area. The latter can, for example, trigger
deadly asthma attacks. These don’t just aﬀect how you die, but when. Even quite large radiation
plumes pose no such risks.
A radiation plume should always be easier to manage as a public health issue than bush ﬁre
smoke for two reasons:
• you can measure radiation fairly easily and accurately … wood smoke is a far more complicated set of chemicals and particles.
• At even just a few kilometers from the source, nothing happens quickly. There is nothing
to match the criticality of an asthmatic death. Even if you decide to evacuate, you don’t
have to rush. You can see this at Fukushima, none of the towns around the plant came
anywhere near the level justifying an urgent evacuation under IAEA guidelines; and this
is with a triple meltdown. For workers at a nuclear plant, the situation is also far better
than something like an oil reﬁnery ﬁre. The latter puts out all manner of toxic fumes but
measurement is complex.
• only a small section of the community will generally be at any signiﬁcant risk at all;
young children and pregnant woman. Even in these groups, those at signiﬁcant risk are a
primarily a subgroup with a poor iodine status. The radioisotopes which put these groups
at particular risk have short half lives and there are preventative measures which work.
The Hiroshima and Nagasaki doses and outcome makes it clear that any general outcome from
Fukushima can only be, at worst, a slight ripple in cancer rates and not some totally diﬀerent
process which might sweep a scythe through the population.

3

Models and reality

But we still need to discuss how the estimate of 180 cancers was arrived at, and whether it, and
others like it, have any credibility at all.
Here’s an analogy for the general nature of the calculation. Imagine dropping a bowling ball in
a perfectly still pond. If you know enough physics, you can work out the size of the ripple that
will hit the edge of the pond. Now take your bowling ball and drop it oﬀ a jetty into the ocean
during a storm. You can of course still run your calculation. It will yield a number, the size of
the ripple, but will you be able to distinguish that ripple in among the pounding surf on the
beach?
We can quantify the analogy somewhat with a real example.
Japan in the early 1970s used to get about 20,00025 bowel cancers annually. Over recent decades
a modest 22 percent rise in population has been accompanied by a more than ﬁve fold increase
25

http://www.ncbi.nlm.nih.gov/pubmed/17059355
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in bowel cancers. In 2012 Japan had 112,675 bowel cancers. Japan now regularly has about
90,000 extra bowel cancers every single year over and above what it had in the 1970s. The
insidious thing about bowel cancer is that it can present few symptoms until it’s too late.
If you thought my analogy of ripples and waves was overly picturesque, please consider this real
image of the wave of bowel cancers that has hit Japan over the past 40 years.

But there’s no reason cancer waves have to go up. They could also go down; they aren’t ﬁxed
in stone. If the Japanese Government and people were concerned about those 112,000 cancers,
they could act to reduce the activities which cause them. In Japan’s case the only accepted
risk factor26 for colorectal cancer which has changed appreciably over recent decades is red and
processed meat consumption. Given the successes in reducing consumption of tobacco, a highly
addictive substance, reductions in red and processed meat consumption should be relatively
easy.
In summary, the cancer estimates, at best, are like the ripple calculations in a still pond. Now
we’ll consider at the methodology behind the actual calculation.

3.1

The Linear No Threshold model of radiation impact

The cancer incidence in survivors of the Hiroshima and Nagasaki bombings varied approximately
linearly with radiation dose for doses above about 100 milli Sieverts. The Linear No Threshold
model was adopted to reﬂect this data and the No Threshold part of the model implies that
the risk with a dose of 50 milli Sieverts is about half that of a dose of 100 milli Sieverts, and so
on with a dose of 25 milli Sieverts, and so on down. In the anti-nuclear movement, this theory
is coupled with Pauling’s assumption and taken very literally. This implies that 1000 people
receiving 1 milli Sieverts will suﬀer the same cancer risk as 10 people receiving 100 milli Sieverts.
Radiation experts know that LNT is simply a model which is useful in some circumstances but
quite clearly wrong; both for high doses and low doses. In particular:
• LNT at low doses is incompatible with modern knowledge of DNA repair and function;
put simply, it’s false. There are radiation levels at which repair capacity easily exceeds
26
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damage levels. We can include cell suicide as a repair mechanism because dead cells don’t
cause cancer.
• LNT for high doses is inconsistent with radiation models used daily around the world to
plan radiotherapy treatments of many kinds.
LNT was derived as a radiation burst model, a model where people received a one time, frequently
massive, dose of radiation. It is simply irrelevant for estimating radiation impacts from constant
exposure.
We mentioned DNA double strand breaks above and that they are generated by normal cell
metabolism at a rate similar to that generated by a 1.5-2 Gray radiation exposure over the
course of a cell cycle. Assuming a cell cycle length of 24 hours, you can calculate that a typical
radiotherapy session delivering 1.75 Gray in 5 minutes (3) is delivering DSB breaks at a rate
about 300 times this biological rate. It’s no wonder that DNA damage can exceed repair capacity
and cells die. What’s astonishing is that many cells repair the damage and survive. Patients
might get 20 to 30 such doses with intervals of between 4 hours and a day or two depending on
a range of complex factors.
The gap between radiotherapy doses is to allow the recovery of normal cells and tissues. It
assumes a damage and recovery model incompatible with LNT and the notion that radiation
damage is cumulative. It isn’t.
Any radiotherapy text has a chapter on fractionation with graphs showing how damage to normal
tissues is reduced by repeated small doses rather than one dose of the same accumulated size.
At the other end of the scale, as we have seen, a dose of 50 milli Grays received over the course
of a year delivers DSB damage at a rate of about a 12,500th of a typical biological rate. It’s
reasonable to expect this has no impact and that’s exactly what research conﬁrms. Note that
I’ve focused on DSB damage because it’s the most diﬃcult to repair and considered to be most
likely to lead to mutations. Other kinds of damage are far more common but are easier to repair.
Subject mice to 20 times this 50 milli Sieverts per year rate (ie., a rate about 400 times background levels) and there is no detectable additional DNA damage27 . Mice are poor models for
human cancer for many reasons, they get more cancer and their repair mechanisms aren’t as
good (5). So the fact that they can handle these levels is powerful evidence that we can. We
also have careful epidemiological data from a cohort of some 70,000 people living in areas of
naturally high radiation in Kerala in the South of India (6). In this study, cancer incidence was
recorded over more than a decade along with careful dose estimates and they revealed no trend
with levels of either annual or cumulative radiation.
The estimate that the Fukushima radiation releases would cause 180 cancers is derived using
LNT which assumes that a 50 milli Sieverts radiation burst is the same as receiving 50 milli
Sieverts over a 12 month period. This doesn’t just contradict current knowledge of DNA repair,
substantial epidemiology and basic principles of radiotherapy treatment, it’s such a transparently
improper application of a model outside its domain of applicability and astonishingly physically
unlikely that you have ask what kind of motivation drives such silliness.
In addition, some areas on the coast of Kerala receive annual radiation levels as high as 70 milli
Grays and the age standardised cancer rate in Kerala is about one third that of Australia
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and half that of Japan. To forcibly evacuate areas with a lower radiation level than this because
of fear of cancer is, in the words of one radiation expert, “stark raving mad”28 . I’d call it a
catastrophic breach of the duty any Government has to act professionally and in the best interest
of the people it serves.
But now, having established some basic facts about radiation and risk, I’d like to consider the
background information in Issues Paper Three.

4

Learning from the past

If this Royal Commission is to present an expansion of the nuclear industry as a viable option in
South Australia it must deal explicitly with the causes of the Fukushima evacuation. The facts
of that accident and the subsequent evacuation will fuel opposition from anti-nuclear groups and
they have demonstrated considerable ability to sell misinformation over decades.
The Commission may choose to respond to the events of Fukushima by detailing the layers of
safety systems associated with any proposal and arguing simply: “It couldn’t happen here”.
But a much better strategy is the truth.
The truth is that the Fukushima meltdowns never posed any signiﬁcant public health risk and
that the Government of Japan mishandled the event from the outset and at every subsequent
point.
A decision to choose truth will also require the Royal Commission to explicitly correct errors
concerning the evacuation in its Issues Papers. Consider the claim:
“As a result of risks associated with radiation exposure, 154,000 people remain evacuated from the region and a 30 km exclusion zone around the reactor continues to be
maintained.”
This is both false in substance and sloppy in detail. According to the UNSCEAR 2013 report29 ,
evacuation was ordered from a 20 km zone around the plant, where 78,000 people lived, and
sheltering in place was recommended for the region between 20 and 30 km. Some additional
areas outside these zones were also aﬀected. Some people evacuated voluntarily rather than by
order, the total number of evacuees was approximately 118,000 (paragraph 76).
We’ve shown above quite conclusively that it was fear of radiation rather than risk that drove
and continues to support the evacuation. The risks from radiation exposure are far smaller
than many risks routinely accepted by the Japanese Government and people. They are, for
example, far smaller than the risks of moving to Australia. The levels of radiation30 detailed by
UNSCEAR show clearly that radiation presented no signiﬁcant risks.
And again:
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“Over 2011, a signiﬁcant amount of radioactive material was released into the atmosphere, which will continue to present a remediation problem for decades.”
Again, what does it mean for something to be a problem? The Japanese Government has been
sandblasting tree trunks and putting valuable topsoil into big plastic bags. Consider a similar
situation in Australia. A large bush ﬁre spreads a plume of smoke over one of our large cities.
Wood smoke is a carcinogen. We could certainly remediate and run around cleaning up soot.
But that would be madness; and so it is in Japan. In this country, as in Japan, many carcinogens
are celebrated rather than remediated. Char-grilled wagyu beef is an obvious example.
That the Royal Commission makes such a value judgment that these levels of radiation are a
problem speaks to its lack of epidemiological expertise. This needs to be rectiﬁed.
Lastly we come to the water.
“Further releases of radioactive water into the sea, groundwater and through surface
water runoﬀs continue to present signiﬁcant remediation problems. These have had
a deleterious impact on the feasibility of ﬁsheries and agriculture in the Fukushima
region.”
Again, the problem is perception rather than facts. I’m not disputing the serious public relations
problem created by media coverage of the radioactive water releases. But facts are a better
answer than gullibility and fear.
In June 2011, the radiation levels31 at the Fukushima outﬂow pipes were about 1 micro Gray
per day; and that’s if you were actually swimming in the water. This is about one sixth of
the global average background level. Is there any evidence that this water caused any adverse
impact at all on ocean ecosystems? Not as far as I’ve seen.
Water now being used to cool the reactors is stored on site and has been the subject of inordinate
publicity. There are, of course, many engineering companies ready to make money “remediating”
this water and it has provided journalists with plenty of shock stories.
Most of the radiation in the water is beta radiation from tritium; a form of hydrogen. Beta radiation comes in a range of energy levels; with tritium’s being extremely low. It won’t penetrate
the skin, for example.
Here’s a fairly typical scare story32 about a Fukushima water leak. It mentions contamination
of 230 million becquerels (Bq) per litre of the 100 tonne water leak that is the topic of the story.
It makes this sound incredibly dangerous by citing a regulatory limit which we shall see shortly
is quite misleading.
A 2006 study33 found no human data on any carcinogenic eﬀects of tritium. They summarised
the available animal studies and it’s clear that, as with beef and milk, you can produce DNA
damage by feeding tritiated water (water containing tritium) to animals. But unlike beef and
milk, you need extraordinarily massive doses to produce DNA damage. For example one study
found nothing below a dose of 370,000 Bq per gram of animal bodyweight per day. In this study,
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rats were drinking water with a tritium level of 1,110 million Bq per litre! How much of the
leaking water would you need to drink to exceed the rat-safe radiation level? With 230,000 Bq
per milli-litre, a 70 kg person would need to drink about 112 litres to hit 370,000 Bq per gram
of body weight. Any you’d have to drink a substantial amount each day to maintain that level.
If the water you were drinking was sea water, the salt would be a much bigger cancer risk than
the tritium … salt is a well known cause of stomach cancer34 .
Some studies did indeed manage to produce cancer in rats with tritium; either by having them
drink tritiated water all their lives at a level of 37 million Bq per litre or injecting them directly
with such water.
I should mention one interesing ﬁnding in these rat studies. The researchers dosed animals
to achieve speciﬁc levels of tritium in their bodily ﬂuids; typically 3.7 million Bq/L, 37 Bq/L,
and 370 million Bq/L. At the “low” level, the animals lived 10 percent longer than the control
animals drinking clean water!
In contrast to all this data on what medadoses of tritium can do if you drink it, here’s what
happens to cells in a rat digestive system when given the milk protein casein in a perfectly
achievable meal sized dose (7 ) (red meat will do the same thing):

The image on the right is with a higher protein dose and shows broken DNA streaming out
of a cell. It’s been shredded. This test of DNA damage is called a comet assay for obvious
reasons; and the longer the tail, the more damage. The image on the left shows less damage at
a lower protein level. Does this prove milk or dairy products cause cancer? No. They might
indeed35 cause some cancers and simultaneously prevent others; but this study, by itself, proves
nothing. Plenty of foods shred DNA, and so do massive, massive, doses of tritium radiation; but
very few foods cause cancer and there’s no evidence of tritium causing cancer in people or any
other animals at any reasonable level of exposure. On the other hand eat a red meat meal and
scientists can extract digestive tract cells that have sloughed oﬀ into your subsequent faeces and
ﬁnd DNA damage that is exactly the same kind you ﬁnd in bowel cancer patients (8). This is
part of why the World Cancer Research Fund and American Institute of Cancer Research say it
causes bowel cancer36 . This is why Bowel Cancer Australia tells you to cut your consumption37 .
It was quite ironic that one of the concerns of Fukushima residents was possible contamination
of local beef; this is rather like worring about additives in your cigarettes.
Put 100 tonnes of water in the ocean and any tritium would be massively diluted in seconds; this
is a tiny amount of water. And, in any event, tritium is demonstrably pretty innocuous stuﬀ.
Regulatory limits can be extremely misleading because the public think they are about safety
when they are generally set using a very diﬀerent principle … as low as reasonably achievable
34

http://www.dietandcancerreport.org/cancer_resource_center/downloads/speaker_slides/uk/09_Shuker_
Food_Preservation.pdf
35
http://www.dietandcancerreport.org/expert_report/report_contents/index.php
36
http://www.dietandcancerreport.org/expert_report/
37
https://www.bowelcanceraustralia.org/item/1017-more-evidence-for-link-between-meat-and-bowel-cancer-bowel-cancer-australi

16

(ALARA). Anti-nuclear activists or ignorant journalists have been citing ALARA numbers for
decades as if anything above them is dangerous; it isn’t.
Recommendation: The Royal Commission report must explain the biases and
assumptions implicit in Question 3.9. They are not based on evidence and science. The only signiﬁcant demonstrated risks (to the public) associated with the
Fukushima meltdowns is fear and ignorance and both have proved deadly.
During preparation of this submission I emailed Professor Ian Lowe, who I’ve met and had
a variety of contacts with over the years; we share many views. During this exchange, Lowe
claimed that UNSCEAR had concluded in the report I’ve been citing38 that the evacuation had
averted “serious risk to human health on a massive scale”. When I asked where in the report
that conclusion was stated, Lowe pointed to Tables C11 and C12 and retreated to saying this
was an inference rather than a conclusion. Lowe, UNSCEAR, and me agree that the evacuees
avoided some radiation and that UNSCEAR concluded that they will not suﬀer any long term
radiation health problems. But to assert anything else is false. In particular, if you want to
assert that 50 milli Sieverts per year (keep in mind this was the maximum and in just one area,
and dropping) would have caused serious health risks on a massive scale, then you need evidence.
If there were any evidence, then I’m sure the IAEA would be interested because they’d need to
rewrite their emergency guidelines.
When I pressed Lowe to supply further evidence in support of his claim that these low levels of
radiation would cause health risks on a “massive scale” (his words), he broke oﬀ the conversation
and hasn’t replied.
Lowe’s misrepresentation of an UNSCEAR report is sloppy; at best.
Recommendation: The Commission needs to request Professor Lowe to explain his
motivation for misrepresenting the UNSCEAR report. I’d suggest this misrepresentation makes him unsuitable to advise the commission.
If Lowe considers the current evacuation zone around Fukushima too carcinogenic for occupation,
then he should also be advocating the evacuation of Australia because we face a much larger
environmental carcinogen than anything at Fukushima … sunshine. At 37 melanoma skin cancers
per 100,000 per year (globally age standardised) we get about 12 times more39 of this rather
deadly cancer than the global average; with the rate in Queensland being close to double that
again. Unlike the unsubstantiated and speculative claims of increased cancer risk at Fukushima,
our increased melanoma risk isn’t at all speculative, it’s a measured rate with an actual body
count. As a carcinogen, UV radiation at quite common doses is the real deal, despite the many
important health properties of sunshine at modest doses (9). Like many things, it can kill or
cure; depending on both the dose and dose rate; recall the low doses of tritium that extended
the lives of those rats.
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5

Cancer; a modern view

The anti-nuclear movement began in another era; before migration and comparative studies had
demonstrated that most cancers are driven by lifestyle factors40 . It was an era when knowledge
of DNA function was both poor and wrong. Nobody knew about proto-oncogenes or tumour
suppressor genes or epigenetics. Pauling wasn’t alone in being jaw droppingly wrong in all of
his assumptions about cancer and birth defects; everybody was wrong.
The Helen-Caldicott explanation of why there has been no vast surge in cancer around Chernobyl
since the accident is to postulate a cover up by UNSCEAR41 . But once you swap a 1960s
understanding of DNA and cancer for something more modern, a simpler mundane explanation
emerges; it was never going to happen.
The modern understanding of DNA and cancer is radically diﬀerent from that of even two
decades ago and the anti-nuclear movement simply hasn’t kept up. The following characterisation of cancer draws on various sources, but particularly on a recent textbook from one of the
giants of the ﬁeld of cancer research; Robert Weinberg (5).
For quite a few decades now, people have thought that all cancers begin with a single mutation.
We now know this is probably false or perhaps only true in the sense that it’s true that all
car accidents begin with a driver waking up and getting out of bed. Most of the billions of
mutations we get over the course of our lifetime are irrelevant. We all get these billions of
mutations but most of us never get a cancer diagnosis. Researchers also ﬁnd it simple to give
mice cancer without any mutations over and above normal levels. For example, causing decreased
production of a particular transcription factor (RAR-Alpha) will do it.
But many cancers can certainly be characterised as a string of mutations in a cell that help it
gain cancerous properties: to divide spontaneously instead of waiting to be asked, to evade the
mechanisms the body normally uses to control cell division, to disable cell suicide mechanisms,
to attract a blood supply that delivers nutrients, and to learn to launch colonists, clones of
itself launched into the blood stream to seed new cancers elsewhere. As the cell proliferates and
becomes a tumour, it has to induce the formation of a blood supply. Cancer cells often change
their mode of energy generation. The reason for this isn’t clear, but may have to do with being
more suited to the low oxygen levels that characterise early tumour tissue. The acquisition of
these complex skills is often driven by evolutionary processes in groups of cells but the skills
themselves all represent subtle shifts in normal processes. For example, many of the processes
used by the body to heal wounds are co-opted by cancers. The relative importance of mutations
compared to other kinds of DNA modiﬁcations isn’t yet clear. There is no clarity yet over which
is the chicken and which the egg; let alone which came ﬁrst.
Our immune systems deal with many would be tumours. If a cells starts to look too weird, it
is killed. The tumours that survive learn to evade or even co-opt the immune system in various
ways. Our immune system is multifaceted and while some parts kill cancers, other parts can
help them grow. Chronic inﬂammation, in particular, is an immune response which can help
deliver the tools a tumour needs to transform from innocuous to dangerous (10). We now also
know that obesity can generate precisely such chronic inﬂammatory processes(11). But our
40
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understanding of the modes of interaction between the many facets of our immune system and
cancer is still young and will certainly change as new evidence emerges.
In many cases tumours remain forever small, quiet and undetected; they have some but not
all of the attributes needed to become dangerous. Our current capacity for detecting tumours
exceeds our capacity to predict which will become dangerous. Over-treatment and the stress
of diagnosis pose considerable dangers. Similarly, comprehension of the mechanics of cancer
development is currently well ahead of treatment methods.
The route from a mutation to a dangerous cancer involves dozens or even hundreds of other
mutations or non-mutational genetic changes as cells and their descendents acquire the characteristics needed for uncontrolled growth. Modern tumour DNA sequencing allows doctors to
distinguish, for example, distinct patterns of genetic change in the lung cancer tumour of a
smoker compared to that of a never-smoker. Tumour DNA sequencing has taught us that the
use of a single word, cancer, for hundreds of quite diﬀerent processes, is merely an accident of
history.
In recent years it’s also become clear that the genetic transformations needed to produce cancer
don’t even have to be mutations. Instead, a gene can be simply turned on or oﬀ, upregulated or
down regulated. Neither requires a mutation; it’s the change in function that’s critical (12); it
matters little what causes it. These non-mutational changes in genetic function are called epigenetic changes and their elucidation over the past couple of decades has revealed new depths to
both the complexity and plasticity of our DNA. We now understand that our genome is rather
like jelly. Lifestyle choices can rapidly and profoundly alter patterns of gene expression(13).
Welcome to the brave new world of epigenetics and genetic regulation where the other 98.5
percent42 of our DNA, the stuﬀ which isn’t genes, is getting a job description.
Lastly, there are also well established causes of cancer that don’t directly damage DNA at all;
examples are Helicobacter pylori, a bacterial infection; asbestos, a mineral; and estrogen, a
hormone. Helicobacter pylori infects many people and if you are infected you are more likely to
get stomach cancer. Eliminate it with anti-biotics and you are less likely to get stomach cancer.
Infect mice with it and they get stomach cancer. Under any reasonable deﬁnition of cause, the
case is closed. With estrogen, it’s the increase in cell proliferation that is behind the increase
in cancer as exposure to estrogen increases. More proliferation means more random damage
means more cancer. Asbestos also causes cancer without directly damaging DNA. It also works
by increasing cell proliferation. It damages lung tissue and the increase cell proliferation as the
body attempts to heal the wound leads to a speciﬁc cancer.
Cancers that looked identical a decade ago are now readily distinguished, not only by mutational
analysis, but by looking at which genes are on and which are oﬀ … mostly from epigenetic changes.
It’s worth spending a couple of paragraphs on this. Consider the following image (from (5)).
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Each little tile in the mozaic represents one gene and each row represents a cell from a tumour
(breast cancer in this case). If the tile is bright red it means that gene is overexpressed and the
cell is producing lots of that protein. If the tile is bright green then the gene is pretty much
oﬀ and the cell is producing very little of the corresponding protein. The 70 genes examined
in each cell and plotted in each row are considered critical to prognosis. It’s obvious that the
tumours cells at the top of the image have more green than red, whereas those at the bottom
have more red than green. If it’s you, you’d better be hoping your tumour has plenty of cells
with proﬁles looking like the top row. People with tumours like this have a 96 percent survival
rate. If your tumour looks like those at the bottom, your chances of surviving are about 50/50.
In the previous paragraph I cited a lifestyle/dietary study (13) showing how such changes can
have profound impacts on gene expression images like this. Genes considered to be tumour
promoters can be turned oﬀ and tumour supressors can be turned on.
All of this leads to the modern understanding of a tumour as much more than just a mass
caused by some extraordinarily rare and mysterious DNA damage; rather, it is something akin
to an organ which evolves over time gaining signiﬁcant structural complexity in response to the
microenvironment you create with your food and lifestyle habits.
Consider the following image (14).
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The only reason for including this image is to show how complex a tumour is; and this is just a
simpliﬁed diagram.
The diagram shows the key signalling pathways that a tumour needs to modify to acquire the
characteristics it needs to change from innocuous to dangerous. The cells in a tumour are not
all the same and there is considerable structure with the various characteristics needing to be
acquired by tumour cells working as an organic whole. You can see that cancer formation is
a profoundly constructive evolutionary process. A tumour is simply not the result of genetic
chaos. Within a single tumour, you can even get areas which use diﬀerent energy pathways
with synergistic interactions (14). When hit with anti-cancer drugs, the cells in a tumour can
evolve resistance like the viral particles of an infection. Note that this doesn’t have to involve
mutations, tumour cells can turn up production of proteins which pump drugs out of cell, or
produce more of an enzyme to detoxify the drug.
A cancer isn’t like a bridge collapse or a machine breaking down; it’s more like a well orchestrated
insurrection. It needs supply lines, double agents, leadership and popular support.

5.1

Low dose isn’t synonymous with low-rate

Where does low-rate radiation ﬁt into the modern understanding of cancer? Note that I said
low-rate and not low-dose.
First, let’s summarise the various parameters. Recall above (1) that 1.5 Grays per day of
radiation would cause a similar amount of the worst kind of DNA damage as is caused by
normal biological processes. So we can call 1.5 Grays per day the biological equivalent rate. We
can then see that radiotherapy hits cells with very short bursts of damage at some 300 times

21

this rate while background radiation (~2.4 milli Grays per year) delivers a constant trickle of
damage at 1/228,000th of the biological equivalent rate.
Now let’s consider some claims about radiation often heard from anti-nuclear activists like Helen
Caldicott43 . Claims about radiation causing genomic instability and the bystander eﬀect, for
example. We can trace these claims back (via papers like (15)) to work such as (16) and (17 ).
The former hit cells with 5 or 10 Grays at a rate of 2.5 Grays/minute. This is about 2400 times
the biological equivalent rate and 547 million times that of background radiation. A 10 Gray full
body dose would almost certainly kill you; and yes indeed, strange things happened in the 1-10
percent of cells that survived this on-slaught. Scientists quite like to study strange things so this
experimental procedure has been copied (with variations) numerous times. I could describe the
strange things that happen to surviving cells in some detail but that would be both irrelevant
and distracting.
All you need for increased genetic instability is to deactivate the genes that normally prevent
a cell dividing when its DNA has been damaged. Once that occurs, either by mutation or
epigenetically, natural damage can provide plenty of instability.
That other piece of jargon we mentioned was the bystander eﬀect … one of many, many processes
whereby cells inﬂuence other cells in their vicinity by complex signalling. The paper (already
cited (17 )) discovering this particular one used a 300 milli Gray dose of alpha particles delivered at 147 milli Grays per minute (some 140 times the biological equivalent dose). I haven’t
mentioned this subcategory of radiation in this submission because it’s almost totally irrelevant
to public risk from a nuclear accident. The paper notes that the bystander eﬀect could also
be produced with more ordinary types of radiation but that you needed some 7 times as much.
Twenty years later, a 2012 study (18) on low dose radiation managed to ﬁnd the bystander eﬀect
at a lower dose (100 milli Grays), but again delivered at very rapid rate; about 160 milli Grays
per minute … around 35 million times greater than the rate of background radiation and about
150 times the biological equivalent rate. Other very recent work on unfortunate mice (19) used
a 0.5 Gray dose delivered at a massive 3 Grays per minute (2880 times the biological equivalent
rate).
We know that normal repair mechanisms cope with biologically normal rates pretty well; but
deﬁnitely not perfectly. So we might well speculate that they can cope with modest increases
in damage. On the other hand, it would be quite surprising if those mechanisms could handle
hundreds or thousands of times the normal metabolic rate of damage; so it’s no surprise to ﬁnd
that they can’t.
High experimental radiation dose rates to cells in petri dishes may certainly be relevant when
considering accidents at medical or other research facilities and they might be interesting to
scientists wanting to know how cells function under weird conditions; such as occur during
radiotherapy (20). But they have zero relevance to possible public exposures following nuclear
accidents. Judging from events at Fukushima, the result of such accidents would, at worst, be
levels of radiation some 10-50 times that of normal background levels. A dose of 100 milli Grays
per year would be 40 times higher than background levels and would be at the high end of what
might be expected.
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The epidemiology at Kerala covers modest increases in background rates and the results are
clear; they do nothing. But what about higher rates? Guessing and speculating are one thing,
data is another.
Happily for us, if not the mice involved, there is now work directly relevant to real world
radiation contamination from a major nuclear accident. We’ve already mentioned it earlier and
given a hyperlink to a lay language description. The formal scientiﬁc paper (21) gives full details.
Brieﬂy, mice in the study were subjected to radiation at a rate of about 1 Gray per year. This
is substantially more than might be expected from even the worst nuclear accident, so if that
level of radiation does nothing, then nor will lower levels.
Part of the reason it took so long for this work to be done is that common laboratory radiation
equipment doesn’t generate radiation at such low rates; the researchers had to design their own
equipment (22). This MIT research team, as expected, found DNA damage when mice received
100 milli Gray over 1.4 minutes (about 130 times the biological equivalent rate), but found
nothing when that same dose was delivered over 5 weeks. Keep in mind that 100 milli Grays
over 5 weeks is 50 times higher than the rate which will see you thrown out of your home in
Japan (20 milli Grays/year).
For decades, the anti-nuclear movement has been using high-rate (and usually high dose) radiation studies to fuel fear campaigns. They trade on the fact that very few people understand
the jargon or will bother to check the facts. Their extrapolations are both bizarre and also
contradicted by solid epidemiology at Kerala. The recent MIT work is a nail in the well sealed
coﬃn of a dead theory.
But I haven’t ﬁnished with the modern understanding of cancer yet, and still need to ﬁll in a
little more of the picture.

5.2

Tumour growth and structure

Low rate radiation is simply a little extra random damage of kinds which are in no way diﬀerent
from those caused by normal processes. Radiation can’t target this or that gene like a chemical
compound; whether eaten or produced through metabolic activity. Tissue damage from highrate high-dose radiotherapy, on the other hand, can certainly provide a prolonged inﬂammatory
environment conducive to tumour development, but at low rates, this simply doesn’t happen.
Tumours have stem cells to help them regenerate when parts are killed. These can hide in low
oxygen regions of a tumour where radiation treatment has reduced impact and drugs have a
hard time penetrating.
But radiation’s randomness is useful when you want to kill a tumour. It is part of what allows radiotherapy to preferentially kill tumour cells. The disabling of cell suicide machinery is
counterproductive in the presence of a radiotherapy machine. Normally, this machinery detects
damage and decides when enough is enough and that the cell should die. But with this mechanism disabled, random damage that would otherwise be repaired can accumulate. This damage
eventually causes total cellular chaos and death (mitotic catastrophe is the technical term).
So while the chaos of radiation damage can certainly cause mutations, the full process of cancer
growth requires so much more. Building a tumour is a constructive multicellular process which
requires the right conditions and isn’t at all inevitable.
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Some people, those with Laron syndrome for example, have no shortage of DNA damage from
normal processes, but they don’t get cancer44 . The damage can’t develope because of a defect
in their growth hormone receptors. Unlike most dwarves, people with Laron syndrome produce
growth hormone but their growth hormone receptors don’t function properly. With improperly
functioning growth hormone receptors they don’t get cancers. There is a reason why taller
people get more cancer, just as there are reasons why fat people get more cancer. These reasons
are slowly being teased out by scientist but are far too complex for the evening news and, in
any event, most people aren’t really interested in mechanisms, all they want is a cure.
Kerala’s low level of cancer isn’t a cure but is astonishing by Western standards. High cancer
rates are generally a ﬁrst world phenomenon. Part of what makes Kerala unusual isn’t just very
high radiation rates, but also that it has a life expectancy close to ﬁrst world levels coupled with
those low cancer rates. Kerala’s rates may therefore be close to the minimum levels we can aim
for. The rest is down to how we live. But Kerala also conﬁrms that radiation exposures at the
kind of rates that may occur to the public in nuclear accidents simply don’t rate next to lifestyle
choices. Nuclear power accidents are thus really no diﬀerent from other industrial accidents,
but generally far less dangerous. There are real risks to workers, but they are well understood
and relatively easy to deal with compared to other industrial scenarios. Fear mongering, on the
other hand, is a much more dangerous problem. At Fukushima fear proved far more deadly than
radiation could ever have been.

6

Conclusion

The Royal Commission is uniquely placed to learn from the past, but it will need to deal
with the drivers of nuclear fear in the community. To build conﬁdence in the community, the
Commission’s report will need to convince both sides of politics to speak with one voice about
the misinformation that drove (and drives) the Fukushima evacuation. Appeasement, in the form
of more and more levels of safeguards and protocols to attempt to say that “it can’t happen
here” isn’t the answer. There will always be accidents despite every eﬀort to avoid them. Planes
still crash, but people understand the relative risks and board them regardless of personal fear.
They understand that fear is their personal problem and not a function of the objective facts.
So it’s time to put nuclear accidents into perspective and stop treating them as something
fundamentally diﬀerent. The fear and irrationality at Fukushima saw people die to avoid a
trivial risk. Governments are supposed to protect people from nutters, not act on their behalf.
All energy sources have risks and in a rational world they’d be compared according to proper
measures of suﬀering and disability; the simple trigger sequence logic (“nuclear -> cancer ->
end of civilisation”) of decades past shouldn’t be allowed to inﬂuence decision making in 2015.
In Australia in 2010-11 there were 7730 Worker’s45 Compensation claims for serious injury
resulting from falls from a height. How many were associated with rooftop solar panels? As far
as I can see, nobody is even counting, but a million solar rooftops means more people on ladders;
many of them amateurs. This is real danger, the kind that can put you in a wheel chair for the
44
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rest of your life. A proper comparison of nuclear risks with those of other energy sources will
measure and include such risks along with the considerable risks associated with not avoiding
continued climate destabilisation because we acted too slowly.
We need safe clean energy and climate scientists say we need it fast. The Royal Commission
will need to break with past traditions and confront nuclear fear head on and call it for what it
is.
Geoﬀ Russell
July 2015
Author of GreenJacked! The derailing of environmental action on climate change46

46

http://www.amazon.com.au/GreenJacked-derailing-environmental-action-climate-ebook/dp/
B00MN7UPH6

25

Appendix: Nuclear power and climate change
While this Royal Commission isn’t explicitly charged with considering our global climate problems, I thought it useful to add a very brief appendix on nuclear power roll out speed. France
largely decarbonised her electricity system between about 1975 and 1990 using nuclear power
and has been producing electricity for about 70-80 grams of CO2 per kilowatt hour ever since.
This was a response to the oil crisis of 1973. Other countries also built nuclear power plants
but the industry got stymied in the US by a host of problems. Most signiﬁcantly, the deathless
Three Mile Island accident and subsequent litigation by anti-nuclear groups. This litigation saw
the $6 billion Shoreham nuclear power plant near New York completed but never operate. Why
would anybody make such a massive investment knowing that the legal system could scuttle it
at the last moment? Most nuclear power companies aren’t actually nuclear power companies
at all; they are merely arms of huge energy companies which don’t give a damn what kind of
energy plants they operate; as long as they turn a proﬁt. These companies retreated back to
the safety of fossil fuels. The following graph of US natural gas production (IEA) shows what
happened. US natural gas production was in decline until the dual impact of the legal blocks
on Shoreham followed by the Coup de grace of the Chernobyl accident in 1986 which killed any
chance of the block on Shoreham being appealed and overturned.

France, on the other hand, had the kind of Government backing that saw it able to survive
such challenges. The following International Energy Agency table47 tells the story in numbers charting carbon dioxide intensity since 1990. Check the lines for France, Australia, and
Germany. Despite Germany’s massive renewable investment, her achievments have been spectacularly small by comparison to France in the 70s and 80s. Germany’s Renewable Energy Act
of 2000 (Energiewende) saw her CO2 per kilowatt hour go from 526 to 477 in 11 years.
47
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But what about the period after 2011?
The latest edition (2014) of the IEA report from which this table was taken doesn’t report CO2
per KWH any more but has switched to reporting CO2 per terajoule of primary energy. It also
presents the statistic going back to 1973. This measure is a better indicator of carbon reductions
because it considers all energy; not just electrical energy. Here’s a graph drawn using that most
recent report48 and comparing France and Germany:
48
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You can see the French nuclear rollout in the steep drop in emissions as their nuclear ﬂeet came
on line; accelerating in the 80s. As far as carbon dioxide is concerned, France’s nuclear ﬂeet has
taken her about half way to where she needs to be (close to zero). For the rest of the task, she
will need more clean electricity to replace transportation fuel.
The much smaller German drop in emissions over thirty years between 1970 and 2000 was also
largely due to her nuclear program and was more rapid than anything since. In 2000 we start
to see the impact of the simultaneous attempts to close nuclear plants and replace them with
renewable energy. The relative failure of Germany’s trillion Euro49 strategy is obvious; and she
hasn’t even got to her half way point.
Proudly anti-nuclear Australia, of course, is a total and shameful disgrace. The only positive
spin you can put on our performance is that our uranium is at least displacing coal emissions
somewhere else. If the anti-nuclear movement in Australia had its way, that displacement would
cease. The anti-nuclear movement has kept us addicted to coal instead of allowing our transition
to clean nuclear electricity.
I should point out that wind and solar farms were hyped and built during the 1970s and 80s in
response to the oil crisis. While the nuclear plants built in that era are largely still operating,
the wind and solar farm sit rusting and abandoned50 as a testimony to human gullibility.
Nevertheless, four decades later we see history repeating itself; renewables are greatly hyped but
doing little except wasting valuable time and money. The diﬀerence between now and then is
that in the 1970s, the oil crisis was crushed by a large nuclear roll out but that same kind of
rollout is being impeded by political opposition today.
The Germans expect to get to the French level of clean electricity using renewables by about
205051 . The German renewable rollout, widely praised in “green” circles is about 5 times slower
than the French nuclear build. It’s clear what would have happened if the anti-nuclear movement
hadn’t blocked the nuclear roll out of the 70s and 80s … our climate change urgency would be
considerably reduced.
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Appendix: Renewables, lunch bars and satnavs
How do we compare the costs of renewable electricity with that of nuclear electricity? It’s not
as easy as many suppose. Can you simply add solar panels to a house and divide the cost of
the panels by the amount of electricity generated to get a cost per kilowatt hour? That’s might
be ﬁne if you don’t envisage a completely renewable system. But if you want to compare a fully
renewable system with a nuclear system using a traditional baseload grid based system. Then
you need to compare like with like.
So you could, for example, build two houses or two villages or even two cities (!) and connect
one of your pair of test systems to the grid while attempting to power the other with renewables
and note the costs. I won’t bother with the numbers, but this thought experiment is enough to
show that a fully renewable system is very diﬀerent and much harder to build than adding a
little energy into a functioning grid.
The multi-billion dollar question is how much renewable energy can you add to a system before
you run into problems? Is it 10 percent, 20 percent or is it 100 percent? CSIRO did a study
looking at this question which was published in 201252 . That was a technical report looking at
engineering issues; which are considerable and as yet unsolved. Work is ongoing.
Some issues are highly technical and involve the diﬀerence between synchronous electricity
sources and non-synchronous. Put brieﬂy, a normal grid is serviced by huge spinning turbines.
Whenever there is an increase in electrical demand the physical inertia of those spinning turbines
is important in maintaining AC frequency stability. If you don’t have enough (or any) turbines
52
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on your grid, you need other methods of frequency control. Frequency control doesn’t aﬀect
home users much but is a serious issue for industries with large electric motors.
But such issues are tough to understand without technical background. Another diﬃculty is
readily explained by thinking about the far more easily understood situation in city lunch bars.
These businesses share a demand proﬁle similar to that of electricity systems. There is a fairly
steady demand from the time they open until the time they close except for the lunch time peak.
All over the world people have simultaneously come up with an obvious and eﬃcient way of
running such businesses. You have enough permanent staﬀ to cover the steady demand and put
on some casuals to cover the peak. I’d venture to suggest that nobody anywhere in the world
has ever run a lunch bar using the method now suggested by those who advocate 100 percent
renewable sources of electricity; which is that you run the entire business with narcoleptic casuals
who come and go as they please with at most a few minutes warning. Of course, this certainly is
possible, as long as you don’t mind paying far more people and don’t mind most or all of them
doing nothing for some of the day and then falling over each other with enthusiasm at other
times trying to service a tiny tickle of customers.
But there’s another far less obvious problem with 100 percent renewable system which I’d like
to brieﬂy mention. It is discussed in considerably more detail here53 and here54 .
Suppose ﬁrst, that the only renewable technology you have is wind power. The capacity factor
is the amount of wind energy you actually get as a percentage of the theoretical maximum you
could get if the wind was always blowing at the maximum level allowed by the turbine design.
Typically, this is around 30 percent; the exact number isn’t important.
Now start rolling out wind power. There is some excitement as you hit the 10 percent mark;
meaning you get 10 percent of all electricity with your turbines. There is even more excitement
when you hit 20 percent. It helps to encourage the roll out if you pass legislation giving wind
power priority in the market.
Now consider what happens when you hit 30 percent. At this point your turbines are supplying
30 percent of all electricity used annually. Think now about the capacity factor deﬁned above.
What this implies is that there will be many times when full output from your turbines will
exceed the total demand for electricity.
In a free market system, this creates a problem for future deployment. Suppose you want to
double the number of turbines. If you do so, will you be able to supply 60 percent of the required
electricity? No. For a start there will now be many more periods when you are generating more
electricity than anybody wants. But that’s not the biggest problem. Without storage, you won’t
be able to sell it and the price will fall. Falling prices may encourage a little more demand, but
plenty of electricity will simply be thrown away. Who would want to build more turbines in such
a situation? This is a serious problem in a free market system and one that has not been fully
appreciated until quite recently. Put simply, the invisible hand of the market will slap down any
attempts to fully decarbonise an electricity system using low capacity factor sources without
storage; because more and more of the generated electricity will be surplus to needs and of no
value. This doesn’t happen with high capacity factor baseload systems.
The papers I referred to go into far more detail and provide real world examples, I only wanted
to raise the problem so that the Commission understands the considerable risks we face by not
53
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thinking through renewables as a solution to climate change. We know that a 30 percent or
even 60 percent solution isn’t enough to deal with climate change, because carbon dioxide stays
aloft for hundreds of years, so even small amounts can accumulate and cause problems. We
need solutions which completely decarbonise our energy supply. Such solutions either involve
baseload systems or storage; and despite decades of research and development there is no high
capacity energy storage available at a reasonable cost with a small environmental footprint.
Not thinking things through seems to be a recurring feature of our climate change response over
recent decades. I call it the Satnav Problem. Satnav’s are, of course, those remarkable devices
that allow you to delegate your trip planning to a computer. A satnav works by planning the
path from where you are to your destination.
Here’s what a satnav doesn’t do.
It doesn’t rank streets according to aesthetic appeal. It doesn’t say “Hey, that street’s cool and
will get me closer to where I want to go”. Such an approach won’t guarantee to get you to
your destination. Perhaps you’ll end up in a dead end. Perhaps you’ll end up taking a very
long, if scenic, path to your destination. Perhaps you’ll end up on a road going somewhere
else. We know we don’t have much time to reduce our climate forcings55 and we are wasting
what precious time we have. Instead of planning a path to a complete solution, we blindly head
oﬀ down any route that promises short term emission reductions. In the ﬁeld of optimisation
mathematics, where I spent a substantial part of my life, we call it the hill climbing56 problem.
Imagine you want to climb a mountain. Do you examine all points within a radius of 10 meters
and head towards the highest one? What do you do then? More of the same? Nobody does
that on real mountains; they plan a path and that path may well involve heading downhill for a
period; or even away from the summit and downhill. So why, when it comes to climate change
do we seem to regard all emission reductions as equal and useful?
We can see the practical consequences of being obsessed with emission reductions and the consequent lack of eﬀective long range planning in the global biofuel debacle. We are currently
producing 113 billion litres of biofuel, which is enough to deal with 3 percent of transportation
needs. It’s trivial to show that to deal with 100 percent of transportation needs would require
between half a billion and 2.1 billion hectares of land57 and we only have 1.4 billion hectares
of arable land on the planet. Also, given that it’s taken 14 years to get to 3 percent, it will
take another 462 years to hit 100 percent. And even then, it won’t work because it only reduces
CO2 emissions per litre by about 50 percent, which isn’t enough. We’ve been able to predict
the impossibility of solving our transportation problems with biofuels for a long time, but if all
you are interested in in emission reductions, you won’t see the forest for the trees.
If we want to solve our climate problems we need to come up with a plan that will work and
implement it. It’s what we do with most things which matter. Renewables, blind faith and
wishful thinking is not how we should be tackling one of the most serious problems in human
history.
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