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Supplementary knowledge about radiarion, pollution, and radiophobia is compiled in this Appendix. We have
separated this information out of Chapter Vin order to provide the inquisitive reader with more details relevant to the
topics and analysis of Section A. A prominent public concern is the effect of radiation, especially from nuclear-
electricity production; so weplace its risks perspective with other relevant lifetime hazards, particularly coal-burning
powerplants. Thisleads to some comparative observations about lowradiation levels based on objective rather than

subjective standards.

ASupplementon Radiation Properties of selected radioactive isatopes has been included in this Appendix, along with
acomparison of some natural and avtificialvadiation source levels. Updates on cancerand mortality rates associated
with radiation have been added to the Posterior pages of this Volume.

Radiation Effects

It does not matter whether radiation comes from natural or
man-made sources: Its effect 1s the same, and we find no
adverse radiation effects from the low does received from
mother nature. To the contrary, the evolution of life and
human beings has occurred when, and perhaps because
ambient radiation levels were once much higher than they
are today. Billions of years ago, bacteria in the ocean were
irradiated ten times more than now, with a much higher
dose deep in the earth; bacteria are now the largest
biomass, No increase of cancers or hereditary disorders
has ever been found for animals that live in natural high
radiation areas. In fact, human beings might have become
intelligent and dominant partly as a result of favorable
radiation-induced genetic mutations.

Living organisms have developed powerful biological
defense-mechanisms against a multitude of adversities:
ionizing radiation, solar radiation, oxygen and its radicals,
heavy metals. organic toxins, heat and cold, et¢. Humans
have even learned how to adapt adverse phenomena to
their advantage: for example, bacteria are killed by using
ultraviolet Light from the enizing portion of the natural-
light spectrum.

The prolonged life of diverse species demonstrates a
natural cffectiveness of hiological defenses against
environmental agents, including ionizing radiation.
Human life has flourished in, or despite, a milieu of
radiation. Now that humans have more control over their
environment, optimization of choice and circumstance
have lead to inquiry into the best coexistence with
voluntary and involuntary radiation.

LNT. Because high-level acute radiation doses are
harmful to living specics, the question inescapably comes
up as to what lower exposure to radiation is not harmful,
especially if absorbed over a long period of time. For
example, an acute dose of 1.5 sievert (150 rem — see box
nextpage)will probably cause radiation sickness, but ifthe
same dose it spread out over a human lifetime, it is unlikely
1o cause any noticeable effect,

Because the observable effects of low doses are so small,
they are too difficylt to compile from individual medical
examinations: instead, itis necessary to determineaverage
effects from large populations exposed to low levels of
radiation. However, such epidemiclogical studies have
confounding difficulties intensified by extrancous factors
that also affect health.

As aresult of problems in directly measuring the effects
of low doses and rates of radiation exposure, a common
practice is to extrapolate downward the data from higher
doses and rates. The dose-response curve is assumed to
tend toward zero biological response if there is no
radiation dose.

However, vigorous disputes have persisted among
scientists (und public regulators}overthe form of the dose-
response curves for cancer risk at low gamma doses:
whether to use the linear, no-threshold (LNT) model,
which is the simplest extrapolation from high-level
radiation effects. or to use a more sophisticated.
experience-based model. Figure | shows three qualitative
alternatives for extrapolating the dose-response data,
including the straight line which represents the LNT
assumption. The LNT response curve, which postulates
theabsence of'a low-level threshold, amplifies the estimate
ofrisk from minor gamma exposure.

.
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(Radloactlvlty: Units of Measure. In the Internationnl System (S1) of units, the becquerel (Bq) is the unit of rndioactivilD
One Bg is 1 disintegration per second (dps) one curie = 37 billion Bg: 1 Mbg = 27 microcuries; 1 GBg = 27 millicuries; 37
GBq = 1 cunic: | TBq = 27 curics. Uranium-228 has 0,135 millicuries of radioactivity per pound. while cobalt-60 has nearly
ST8,000 curies per pound. [http:/www.orau.gov/reacts'measurce.hum]

Radiation-Me¢asurement Units

‘quivalent
D

SI-Unit Prefixes and Symbols Equivalents
Multiple | Prefix | Symbo I beequerel I disintegration per sccond
1 I curic 1.7 x 10" disintegrations per second
10" leri T I millicurie (mCi) 37 megabecquerels (MBg)
1 giga G | rad 0,01 grav (Gy)
10 mega M I rem 0.01 sievert (Sv)
10’ kilo K I roentgen 0000258 coulomb/kilogram
10 centi c I megabecquerel (MBa) 0.027 millicuries {mCi)
1’ milli m I gray (Gy) 100 rad
10" micro i I sicvert (Sv) 100 rem
10 nano n I coulomb/kilogram 3880 roenigens

Radlntwn Conversion Factors

_m
becguerels (Bg)

mllluads (mrad)

L millirems (mrem)

lmllmmu zens (le »

Inl“l e m(uvl mllllr.td%(mr.ul
microsteverts {uSv) m:lln.nn(mmm) ID

microcoulombs!
Kilogram

milliroentgens (mR) 3.88
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Alternative Dose-Response Relationships

Adverse Response

No threshold

With threshold

No effect

=« = Threshold with beneficial low doses

- — -
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Figure 1. Three Alternative Extrapolations
of Radiation Response to Decreasing Dosage

The distinction between the therapeutic and toxic
properties of an agent is distinguishable by the dose.
Examples of extrapolations of these relationships, which
are done in the absence of definitive data for low doses, are
shown in Figure |, Zero dose is at the lefimost extreme of
the abscissa, and measurable doses begin to have statistical
significance at the ightmost extreme.

For the “no threshold™ linear representation (LNT), the
adverse effect is expected to decrease steadily as the dose
approaches zero. In the “with threshold” case, zero
adverse responsc is assumed before the dose reaches zero.
The "no effect™ line corresponds to the baseline with
absence ofany expected response, good or bad, regardless
of dose. The “threshold with beneficial low doses™ curve
1s discussed under the next topic, radiation hormesis,

LNT, which 1s the model used in the absence of adequate
defining data, has no underlying estublished scientific
basis, noris it realistic, but the model had simplified carlier
regulatory work. The problem is that LNT has resulted in
overly stringent radiation standards.

Forreadable, though slanted, objections to less-stringent
radiation-ex posure standards, an article by environmental
activist LeRoy Mooreis availablein the Bulletin of Atomic
Scientists,” Moore, of the Rocky Mountain Peace and
Justice Center. has been an appointee to the National
Councilon Radiation Protection and Measurements,

Data from the atomic bomb survivors in Japan have
generated much useful information on radiation effects,
but the application of these results is limited for two
reasons: First, the dose rate was extraordinarily high, and
second, severe stress on survivors of the blast undoubtedly
resulted in many deaths and abortions from causes other
than radiation, In any event, current estimates and
modeling of health risks from low-level radiation have
been extrapolated in part on that singular experience of
high dose rates. In essence, data from Japanese survivors
— that is, the population exposed to a brief burst of
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gammas and neutrons — can at best set upper limits to
when extrapolated to the effects of low-dose, low-rate
exposures. Nevertheless, it 1s worthwhile to note that,
including cancer deaths, the survivors are living longer on
the average than Japanese not exposed to the atomic
bombs.

Pittsburgh University’s Dr. Bernard L. Cohen is a
physicist and meticulous researcher who has thoroughly
studied availabledata on post-millennium cancer risk from
low-level radiation.” He looked into data of the
International Agency for Research on Cancer on data from
nearly 96,000 monitored radiation workers in the United
States, United Kingdom. and Canada, which found that

Forallcancers except leukemia, there were 3830 deaths but

no excess over the number expected [in the absence of

rudiation |

Cohen attributes the smﬁow-lcvcl radhation risk partly
to prolonged latency between carcinogenic radiation
exposure and cancer death; that is, pcople outlive the
actual development of cancer from low radiation levels.
He found. in general. that the LNT model “grossly"”
overestimated the cancer risk from low radiation doses and
exposure rates.

Radon — one of many natural radiations from soil —
seeps out of rocks and sometimes concentrates indoors.
Indoor rates of radiological exposure to members of the
public have been found to occasionally exceed the
occupational (whole body) limit for nuclear workers. In
searching for a risk value to attach to radon, the National
Research Council’s BEIR VI report declared that about
onc lung-cancer death out of seven can be attributed to
radon; for nonsmokers, the rate would be about one in four.
Those estimates, however, are not based on empirical
evidence, but rather on an arbitrarily assumed lincar
extrapolation from high dose rates (LNT).

The BEIR VICommittee estimated that 2700 of 68,000
underground miners died of lung cancer, primarily
because most of them were smokers. Besides tobacco
smoking, the inhalation of dust and other pollutants in
mines complicates theanalysis.,

Considerable data on radiation effects have been
accumulated, Some of the occupational-exposure results,
documented by Massachusetts emergency-management
engineer James Muckerheide, are mentioned in the box on
the next page.” The comparative societal costs associated
with various public-health options have been evaluated by
many scientists. For example, Bernard Spinrad, whom we
knew as a competent and highly experienced researcher,
said:’

The health effects of pollution from all extractive indusiries

(mining, agriculture, forestry) are doubtless more severe

than those from radition, and the health effects of crime,

poverty. and ignorance more severe still,

A major psychological barrier in dealing with radiation
is the irrational fear (radiophobia — sce below) that has
developed about low doses.” As a result, “the use of
radiation has, at times, been unnecessarily restricted and
beneficial outcomes forfeited.™ For example, costs of
reactor safety i the United States have been estimated at
$2.5 billion per life saved: this overly conservative
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r()ctupallonaI—Exposnw: Analysis. A 1989 stody ofalmost 36,000 white male workers who had lifetime exposures of 20 to 200\
miflisteverts (2 to 20 rems) at three U.S, nuclear weapons plants Tound that they had a lower totl cancer mortality rate than a
comparable control group, The workers had a lower cancermortality rate { leukemim and Iung)lhnmhc Us. populmion. “[The data)
strongly suggest that the optimum lifetime exposure for decreased concer mortality is greater than0.2 5 sieverts [25 rems],” In other
words. the nuctear workers had fess cancer.

Four thousand nuclear workers at a Canadian encrgy plant had average exposures of 70 millisieverts over a 20-year period, but
they had a flower cancer mortality rate than 21,000 unexposed workers. Atanother Canadian facility, similar results were obtained
incomparing 4000 exposed workers with4000 other workers in the same plant.

Of the 6660 deaths occurring from 1955 to 1988 for 95,000 predominantly male workers at several British nuclear weapons
plants, the total cancer mortality rate receded with mm:asmg radiation exposure, According to Muckerheide, =T he optimum
lifetime exposure for the 33 yvears appears tobe at least 20 ¢Sy [20 rems | about 0.6 ¢Sv [0.6 rem | per year”

Although some studies that have shown increased cancer mortality in small isolated groups of workers, about & million person-
years of data on chronic exposure to humans have been eviluated, showing overall decreased cancer mortality for low levels of
radiation.

Among 100,000 registered Japanese A-bomb survivors, males exposed to fess than 40 cGy showed significantly fower mortality
from non-cancerows diseases than age-matched unexposed males,

After reviewing the above information, Muckerheide concluded that “substantially misrepresented” data have been used 1o
suppor! the linear-no-threshold hypothesis, and that “billions of dollars ure wasted in the unnecessary cleanup of sites 1o
background levels.” Replacing the LNT with a more realistic model could bring nuciear [power] to a more cost-effective level,
[and] nuclear medicine could also benefit [because the costs] have been driven largely by regulatory burdens and problems with
producing and handling isotopes and controlling nuclear material.

No data exist that support adverse health eflects below at least 10c¢Gy (10 rems), and hundreds of billions of dollars in

\ env ironmental cleanup costs are producing no public health benefits ‘

standard has forced utilities to forgo nuclear plantsin favor
of coal-burning power plants, each of which during its
service life kills about 1000 people with polluted air (see
Appendix Ve).

Permitted radiation-release levels for nuclear facilities
are thousands of times lower than natural radiation in high
background areas — and even lower than radiation emitted
from many coal-burning power plants. If the nuclear
environmental-protection standards were applicd to coal
plants, $2.5 trillion would have to be spent 1o improve
smoke-emission controls — closeto the annual U.S. gross
domestic product,

One reason for the dispanty between standards and
reality is the reluctance of lawmakers to enforce expensive
environmental controls on fossil-fueled power plants,
Another reason is the public’s emotional phobic response
to radiation. A lethal onc-hour dose of ionizing radiation is
about 10 million times higher than the average natural
dose; yet more than $100 billion in the United States alone
has been spent on fighting what has been called a
“phantom risk” of low radiation doses.”

When Congress asked the National Cancer Institute in
1983 for a tabulation of the “probability of causation™ of
cancer for those exposed to fallout from atomic weapon
tests, the response was that for almost all of the
“downwinders” who developed cancer, the probability
was less than 50 percent that the tests were the cause.” It
was simply a tossup: it was just as likely that other factors
were responsible for the cancers.

Hiroshima and Nagasaki atomic-bombing survivors
who had less than 200 millisieverts (20 rems) have not
suffered significant induction of cancers.” After fifty vears
of study, the progeny of survivors who had much higher,
near-lethal doses have not developed adverse genetic
cffects.

Such meticulous findings are ignored when the LNT
assumption 1s justified. Although the LNT hypothesis
played an important role in effecting a nuclear-test
moratorium, and later a ban on atmospheric nuclear tests,
it has otherwise had a negative societal, health, and
economic impact. The LNT model has contributed 1o a
worldwide fear of radiation, with the result that nuclear-
energy growth has been inhibited in many countries,
imcluding the United States.

The concept of “dose commitment™ is another morally
suspect offspring of LNT. The individual "commitment™
accumulated over the past 130,000 years of existence of
homo sapiens, is 286,000 mSv for a now-living human,
which corresponds to =100 short-term fethal doses per
person. Each of us is burdened with this or similar dose
“commitments:” yet the medical effects of these
enormously high “commitment™ doses have quite possibly
been biologically essential or beneficial to living species.

In short, the proposition that low-level radiation is a
significant cause of cancer is still controverstal — more
thanacentury after the discovery of ionizing radiation, and
long after recognition of its other effects {harmful and
beneficial),

Also controversial, but gaining in credibility, is the
proposition expounded by some scientists that a small
amount of radiation can be beneficial, as we discuss in the
nexttopic.

Radiation Hormesis. Radiation-induced cell repair or
regeneration is a contested phenomenon.  Yet, many
natural mechanisms exist for DNA repairina cell,

In the bottom curve of Figure | above, low doses
represent a therapeutic effect, namely an initial benefit
(reduction in adverse outcomes) shifting gradually to an
adverse effect as doses become higher. This pattern is
called hormetic, Hormesis is being reconsidered by
regulatory officials in the hght of new data, not just for
radiation but for other toxic substances: for example, the
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dose effects of lead have been shown to be both a potential
carcinogen and as a systemic toxicant.""

Adverse biological effects such as mutations and
malignancies originate in the cell nucleus; DNA is the
target that could lead to radiation sickness and death.
Originating outside the nucleus is natural radiation which
can causce ionization in cells. However, most DNA
damage in humans is spontancous and caused by
thermodynamic decay of free radicals from oxygen
metabolism; in fact, something like 70 million of such
spontaneous DNA-damaging events occur in each cell per
year. Only ifarmed with powerful defense system could a
living organism survive that high ratc of DN A damage.

A natural radiation dosc of 2.2 mSv per vear corresponds
to five DNA damages/cell/year; this is feeble compared 1o
other noxious agents, such as significant body-
temperature changes or the ingestion of heavy metals, and
itisaten-millionth of the normal cellular damage rate.

Radiation hormesis is a disputed theory based on
observed health-improvements of individuals subjected to
low radiation doses.

One of our Argonne colleagues, Norman Frigerio,
carried out a study that correlated cancer rates with the
average background radiation in each U.S, state. His
results contradicted LNT model: he found consistently
lower cancer rates in high-background-radiation states.
This correlation has since been confirmed by others.

Studies in populations exposed to high-background
radiation have consistently failed to find adverse health
consequences; instead, they often report indications of
beneficial effects, one example being a stable Chinese
peasant population of more than 70,000 who have been
living for generations in high radiation areas.

In the 1980s, Bernard Cohen undertook systematic
studies of the effects of natural background radiation. He
tested the LNT model by comparing lung-cancer data with
variations in residential radon, measured in 272,000
homes in the most populated U.S. counties. LNT
invariably overstated the effects of radiation. As an
example, lung-cancer incidence in the high-radon area of
Cumberland County, Pennsylvania, was lower than the
Pennsylvania average. Many other investigators have
gotten similar results.

Because radon data did not exist at the Pennsylvania
county level, Cohen obtained at least 100 radon
measurements in the 16 large counties with the lowest
lung-cancer rates, and the 25 counties with the highest
rates, In the varnious randomly chosen counties in which
450 university physics professors at 101 universities
assisted, Cohen’s residential radon measurements faulted
the LNT model, Additionally, he acquired all
Environmental Protection Agency and state radon data,
which showed that the higher the radon levels, the lower
the incidence of lung cancer — justthe oppositetothe LNT
assumption.

Dr. Kenneth Bogen at Lawrence Livermore National
Laboratory independently compared EPA environmental
(not residential) radon data, county by county, with
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19501954 lung-cancer mortality records for women of
ages40 to 80 and 60 to 80 (who had smoked little). Hetoo
confirmed the mverse correlation between lung cancer and
radon.

In 1974, a pre-eminent radium health-effects researcher,
Dr. Robley Evans of the Massachusetts Institute of
Technology, reported that for thousands of cases of
radium dial painters worldwide, there were still no
occurrences of bone cancer or nasal carcinoma in
individuals who had ingested less than 250 microcuries of
radium-226 (an estimated dose of 10 grays [ 1,000 rads] to
the bone),

A study of radiologists in Britain supports the theory that
low-dose-rate radiation stimulates the immune system,
after taking into account the added longevity of those
exposed.'" Prior 1o 1920 (at which time safety standards
were improved), radiologists received large radiation
exposures; while having enhanced cancer death rates, their
death rate from other causes was reduced by about the
same extent,

A Canadian analysis of breast cancerin 32,000 women
with tuberculosis who had fluoroscopy showed that below
about 30 centigrays {30 rads), there was a statistically very
consistent reduction in breast cancer.

Regardless of the growing body of evidence favoring
radiation hormesis, the idea is not yetuniversally sccepted.
One critic is anti-nuclear-power physicist Frank von
Hippel. He agrees that such effects have been verified for
single-cell systems under certain conditions, but dissgrees
that multicellular experiments on animals and humans
have so far supported the adaptive response of cells to low
radiation doses."”” Von Hippel disputes a radiation-
induced decrease for latent cancer in humans. A few health
physicists too, although aware that many studies
contradict the LNT hypothesis, still dismiss radiation
hormesis simply because it does not fit prevailing
regulatory doctrine. "’

Radiophobia

Radiation, omnipresent and everlasting, is innocuous at
normal levels: why does it cause such universal
apprehension? Radiophobia is an irrational fear that any
level of radiation is dangerous, Why do radiation-
protection authorities have a public dose limit as low as |
mSv per year? This is less than half of the average natural
dose,and under 1 percentof doses in some countries? Why
does the world spend billions of dollars per year to
maintain the standard?

No fatal accidents involving radiation have occurred in
the United States for the past quarter century; yet nearly
three million have died of other accidents.'* The author of
that observation, Bernard L. Cohen, believes that public
misunderstanding is the main reason that risks of nuclear
power have been “grossly exaggerated™ by the news
media.

Having an undergraduate degree in journalism. one of
the authors of this book, DeVolpi, can attest to the
limitations of the journalism profession in terms of
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scientific and technical understanding. (Moreover, each
of the authors of Nuclear Shadowboxing has had decades
of experience with controlled and accidental exposures to
all forms of nuclear radiation.)

Cohen also poeints a finger at “a few publicity-secking
scientists who tell [journalists] what they want to hear.™
While the slightest indication that radiation scems
dangerous gets tremendous coverage, contrary evidence
is generally ignored.

Factors that have helped create or sustain radiophobia
include the following:
» government msensitivity in testing nuclear weapons in
the air, underground, above ground, and at sen;

» emotional impact from using atomic bombs over
Hiroshima and Nagasaki:

» excesses of the Cold War nuclear-arms race and the
accompanying psychological warfare:

» demaonstrably false projections of casualtics made after
the Three Mile Island and Chemobyl-reactoraccidents;

» negative lobbying by fossil-fuel industries;

» crass interests of radiation researchers for recognition
and budget allocations;

» self-serving politicians using radiophobis as a weapon in
secking power;

» misleading “dirty bomb" scares by careless analysts,

» public fear induced by news media that profit by hyping
news:

» counterproductive interests of "greens" (psuedo-
environmentalists) who thrive by scaring the public: and

» undue complacency and laxity withing the nuclear-
industry.

Psychosomatic radiophobia is linked to the popular but
false belief that any amount of radiation can cause harm,
Ironically this is connected to two good-news/bad-news
examples:

* The first is about the casy detectability of (1onizing)
radiation. The good news from this is that radiation
monitoring instruments detect most forms of radiation at
extremely low levels and at great distance; the bad news is
that false alarms occur simple because a small flux of
radiation is detectable.

* The second example is about the inability of human
beings to directly perceive ionizing radiation: Human
senses are unreceptive to radiation, which is tasteless,
odorless, intangible, invisible, and inaudible. That's good
news when it's harmless, as is most of the tume. but bad
news in the rare case when the doses might add to cause
latent physical trauma,

Because radionuclides escaping from Chernobyl were
casy to measure all over the world, the accident was a
“windfall” for anti-nuclear activists who were able 10
trumpet the increased levels of radioactivity, especially in
western Europe. Yet, UNSCEAR found 31 carly deaths
among plant workers and rescue operators largely asaresult
of acute radiation exposure. No proven premature
radiation-induceddeaths were identifiedamong the public.
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The latter should not be surprising, because so much of the
estimate 1s based on simple-minded extrapolation from high
dose levels and rates. (This mistake is not much different than
estimating the effect on a person taking one aspirin a day for a
thousand days, by comparing it with the effect of a thousand
aspinntakeninoneday. Itdoesn'tqualify as science.)

As described in Appendix Va2, the reduction in life
expectancy for nuclear power isabout ene hour according
to most scientific estimates (or as much as 1.5 days if you
preferred a Union of Concerned Scientists estimate).
Largely as a result of recurrent radiephobia, all new power
plants ordered in the United States have been fossil-fuel
burners. which (according to Cohen) condemn the public
to hundreds of premature deaths annually.”

EXXERRERES

The LNT hyvpothesis has outlived its usefulness. With
improved epidemiological data and berier
understanding of radiobiological effecis, the linear
model cannot be considered a valid scientific
description of low-dose radiation impact on living
arganisms. In fact, its misuse is responsible for
unconscionabledistortion of biostatistical information
about projected effects from low levels of radiation.

Compared to bhurning coal, nuclear-power
generation is benefits human life expectancy by a
factoroften to a hundred (see next Appendix).

Thase who contribute 1o, tolerate, or amplify
radiophobia have abandoned objective standards of
scienceand ignored the systematics of probability, By
making unfounded extrapolations for low-dose
exposuves, they are aggravating a profound waste of
xociery's time, resources, and health,
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