Hormesis

Recently, the possibility of beneficial ef-
fects of low-level ionizing radiation was the
topic of Policy Forum discussions by Leon-
ard A. Sagan and by Sheldon Wolff (11
Aug., pp. 574 and 575). The concept of
hormesis, or stimulation, smacks of home-
opathy: a tiny amount of something delete-
rious, in this case ionizing radiation, is
considered helpful. An important consider-
ation is missing from both discussions.

The lowest dose of ionizing radiation
mentioned in either discussion that triggers
repair mechanisms, 0.5 cGy, produces a
total concentration of 3 nM oxyradicals. The
steady-state concentration of radicals from
metabolic processes involving oxygen is of
comparable magnitude, 0.1 to 1 nM (1).
Therefore, it would be most surprising if
such a small transient concentration were to
cause damage sufficient to activate repair
mechanisms. Any discussion of the benefi-
cial, neutral, or harmful effects of low-level
ionizing radiation is seriously flawed if the
“background” flux of oxyradicals is not tak-
en into account. That oxygen toxicity and
radiation damage have a mechanism in com-
mon was first suggested in Science 35 years
ago (2).
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Several fundamental flaws appear in the
argument of Leonard A. Sagan (Policy Fo-
rum, 11 Aug., p. 574). First, the term
“hormesis™ is applied collectively to a diverse
conglomeration of species, biological mate-
rial (organism, tissue, or cells), and types of
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response  (stimulation or beneficial re-
sponse). Second, Sagan does not define the
desired end point for hormetic effects in
humans, presumably a net beneficial effect to
the whole person from low-level radiation
exposure, or the value judgments needed to
determine that end point. Third, he ignores
the perturbing effect of variance in expo-
sures from the natural radiation environ-
ment on the ability to measure hormetic
contributions to health effects. Fourth, from
an observational standpoint, in many in-
stances an apparent hormetic effect may be
in reality indistinguishable from a threshold
effect.

Without clear tenets for the definition and
determination of beneficial hormetic effects
in humans, the thesis for such effects re-
mains as unproven as assuming risk at any
dose level. No one doubts the presence of
repair mechanisms in the body, and studies
on immune systems may, in time, show the
existence of threshold or hormetic phenom-
ena of net benefit to humans. Nevertheless,
to predicate public health policy on present
knowledge of hormesis is premature. To
paraphrase the Queen of Hearts from Alice’s
Adventures in Wonderland, Sagan seems to
suggest “Policy first—proof afterwards.”
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Solar Power

Daniel E. Koshland, Jr.’s editorial “Solar
power and priorities” (25 Aug., p. 805) was
a powerful statement—until the place where
he listed who should pay “combined and
dedicated attention” to the problems of
global warming. Notably unnamed were the
Earth system scientists—geologists, whose
unique record of time provides the data for
identifying and evaluating past periods of
global warming and their consequences;
ecologists, whose integrated view of orga-
nism interactions with other Earth systems
can document and evaluate the patterns of
historical change; climatologists, whose syn-
optic views of atmospheric changes on both
geologic and historic time scales help to sort
out real change from the noisy weather
signal; and oceanographers, whose domain
is both the buffer and the instigator of many
aspects of climatic change. It is these scien-
tists whose special expertise is required in
highly complex and interactive problems
such as global warming—and in other major
areas of societal concern such as hazard
mitigation, solid and toxic waste disposal,
land utilization, air and water pollution, and
overpopulation. This is not the group that
immediately comes to mind when I read

“physicists, chemists, biologists. . .” in the

editorial. Science may need the highly visi-

ble (particle) physicists, (molecular) biolo-

gists, or (structural) chemists, but global

change needs the attention of those scien-

tists who work with Earth systems; and the

engineers, city planners, economists, effi-

ciency experts, and politicians need to know
the difference.
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I applaud Science for continuing to sup-
port the development of energy conserva-
tion and renewable energy sources as means
to sustain our environment and maintain
economic growth. I note, however, that it
has been the policy of the U.S. government
to drastically cut support for these technolo-
gies just as the issues of global warming and
international competitiveness have come to
the nation’s attention.

The story of photovoltaics (PV) provides
one example of how the United States has
failed to exploit these technologies. PV is an
attractive means of generating electricity
while reducing the release of carbon dioxide
and sulfur dioxide. In the past decade its
price has fallen more than tenfold and its
efficiency has increased threefold. PV is now
the least costly method of electricity genera-
tion in most off-grid applications. Major
improvements in laboratory cells have been
reported (1) recently. Scaleup of pilot plants
should drop the price by a factor of 2 to 3,
where it will be cost competitive for bulk
peak power generation. However, the PV
industry needs a clear signal that a market
will be available before it can justify the
capital investment needed to convert R&D
into a marketable product.

Until 5 years ago, the United States was
the clear leader in PV technology. During
the past 8 years the DOE budget for the PV
program has dropped from about $150
million to $35 million. The Japanese, Ger-
man, and Italian governments now spend
more on PV R&D than does the United
States. While the European Community
(EC) spends $5 million per year promoting
PV exports, the United States spends $1
million annually on export promotion for all
renewable energy technologies. When fuel
costs are considered, PV is the least costly
method of providing power for vaccine re-
frigeration and water pumping in Third
World countries, but U.S. aid agencies con-
tinue to specify fossil fuel-powered refriger-
ators and water pumps. Meanwhile, the EC
is directing $30 million for PV-wind water
pumping to its African development pro-
grams.
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