Unesco and Nongovernmental
Organizations

I was perturbed by P. H. Abelson’s
editorial ““Unesco’s tarnished image”
(26 Nov., p. 897). Having just returned
from the Unesco General Conference in
Nairobi, I would like to offer some com-
ments that diverge from his views.

I readily agree that it is unfortunate
that Unesco’s noble objectives have
been clouded by political overtones.
However, this political fallout, which be-
comes starkly visible only once every
2 years, is not a true reflection of the
valuable work that goes on day after day
at Unesco without political overtones
during the periods between General Con-
ferences. The peasant in a less-devel-
oped country who gets instructed by
television on how to increase his meager
harvest or, for that matter, the scientist
engaged in a cooperative project devel-
oped under Unesco auspices, could not
care less about the political rhetoric.

The resolution sponsored by the
People’s Republic of China that Abelson
quotes is nothing new, having been
adopted in almost identical, if not harsh-
er form, 2 years ago. Unesco has
learned to live with this kind of resolu-
tion and will not abandon its support for
nongovernmental organizations, most
notably the International Council of Sci-
entific Unions, because of it.

There will be moments in any inter-
national forum when the actions taken
are contrary to our views and interests,
as there will be times when things go our
way. As children, we could pick up our
marbles and go home when things did
not go our way. Perhaps we could even
get our way in international organiza-
tions some years ago by threatening to
do so, but many of our old arguments
have been worn out. A better approach
is to continue to work toward reform and
improvement within the system, for how
can we otherwise influence the course of
events?

K. G. SANDVED
Office of the United States
Permanent Representative to Unesco,
1, Rue Miollis, 75015, Paris, France
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Letters

I would like to commend Philip H.
Abelson for his editorial of 26 November.
I agree wholeheartedly that the time
has come when alternative avenues for
fostering international science must be
explored. Major sectors of the scientific
community may consider themselves to
be immune to the deterioration of
Unesco, but it would be foolhardy to
expect free exchange of science  and
scientists to flourish under auspices
which have become so politicized.

PAauL J. FLORY
Department of Chemistry,
Stanford University,
Stanford, California 94305

Metabolic Precursors of a
Known Human Carcinogen

The National Institute for Occupation-
al Safety and Health (NIOSH) has re-
cently learned that both N-phenyl-g-
naphthylamine (PBNA) (a widely used
rubber antioxidant) and 2-nitronaph-
thalene (a by-product of a-naphthyla-
mine production) are metabolized
to the known carcinogen, B-naphthyla-
mine (BNA). We are writing to highlight
the potential problem of the metabolic
conversion of materials believed to be
relatively innocuous into known human
carcinogens.

In a recent study, the B. F. Goodrich
Company found 3 to 4 micrograms of
BNA in 24-hour samples of urine from
two volunteers who had ingested 50 milli-
grams of PBNA (contamination, 0.7 ug
BNA) and from workers (unspecified
number) estimated to have inhaled 30 mg
PBNA (/). These findings indicate that
PBNA is at least partially metabolized
by the human body to BNA and confirm
an earlier study by Shell Nederland (2).

An estimated 15,000 workers are at
risk of exposure to PBNA during its
manufacture and use. The majority of
these exposures occur in the rubber in-
dustry. PBNA is used as a rubber antioxi-
dant and also as an antioxidant for
greases and oils, as a stabilizer during
the manufacture of synthetic rubber, and

as an intermediate in the synthesis of
dyes as well as other antioxidants.

E. I. du Pont de Nemours and Compa-
ny has informed NIOSH of unpublished
studies regarding another compound
which can be metabolized to BNA (3). 2-
Nitronaphthalene (an unmarketed by-
product produced during the commercial
preparation of a-naphthylamine) is me-
tabolized in laboratory dogs to BNA.
However, there are no reports con-
cerning the metabolic fate of 2-nitro-
naphthalene in man.

The fact that certain substances, as
illustrated by PBNA and 2-nitro-
naphthalene, can be metabolized to
known carcinogens lends a new per-
spective to the control of hazards in the
workplace. NIOSH therefore recom-
mends the following.

e More consideration should be given
to the assessment of metabolic pathways
of chemical agents found in the work-
place.

e Materials which can be metabolized
by the human body to known carcino-
gens should be handled in the same man-
ner as carcinogens.

e Industrial hygiene practices should
be followed to minimize exposure to
PBNA in the workplace. Suggested in-
dustrial hygiene practices to minimize
exposure to PBNA are available from
the Technical Evaluation and Review
Branch, NIOSH, upon request.

e Alternative antioxidants to PBNA
should be fully evaluated with regard to
possible human effects.

RosCOE M. MOORE, JR.
BARBARA S. WOOLF
HARVEY P. STEIN, A. W. THOMAS
JoHN F. FINKLEA
National Institute for Occupational
Safety and Health, 5600 Fishers Lane,
Rockville, Maryland 20857
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Radiation-Induced Health Effects

Further comment is in order regarding
the letters from Bertram Wolfe and
Frank von Hippel (29 Oct. 1976, pp. 478
and 479). Wolfe questions the validity of
criticisms by the study group of the
American Physical Society (APS) of the
early drafts of the Rasmussen report
(leading to a number of revisions and
corrections) and objects to the 11 June
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1976 congressional testimony of Pan-
ofsky, von Hippel, and Rowe, in which
they were critical of the treatment of
long-term health effects of reactor acci-
dents in the Rasmussen report. Von Hip-
pel, in his reply to Wolfe, defends his
congressional testimony and the im-
provements made in the Rasmussen re-
port as a result of the APS study. I would
like to lend my support to Panofsky, von
Hippel, Rowe, and the APS study and to
the present practice of taking into ac-
count the long-term, somatic, and genet-
ic risks from exposure to ionizing radia-

tion by application of the linear hypothe-
sis.

The APS study group should be com-
mended for the improvements it brought
about in the Rasmussen report and for
indicating the failure of the early drafts
of the report to take into proper account
the long-term risks to the population and
the seriousness of land contamination
from radioactive contaminants—espe-
cially cesium-137. I agree with von Hip-
pel that the final Rasmussen report was
remiss in not including cancer and genet-
ic deaths as one of the consequences of a
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reactor accident when making com-
parisons with other events, such as mete-
orite impacts and dam failures. I am
strongly in favor of a nuclear power in-
dustry, but I want it to be reasonably
safe; 1 fear the Rasmussen report, in
underestimating the radiation risks by a
factor of 1000 in these comparisons, does
not make the job easier for some of us
who would like to convince the public
that the risks of a nuclear power plant
are real but that there is good reason to
believe they are considerably less than
those of a fossil fuel plant.

There are many conclusions of the
Rasmussen report that raise the eye-
brows of someone like myself who has
been in the nuclear energy business for
over 40 years. Thus I would like to re-
peat the quotation taken by von Hippel
from the APS study that ‘‘based on our
experience with problems of this nature
involving very low probabilities, we do
not have confidence in the presently cal-
culated absolute values of probabilities.

.. I often recall my argument with
friends in the Atomic Energy Commis-
sion shortly before the United States
launched a space rocket which, together
with its 17,000 curies of plutonium-238,
was incinerated in the upper atmosphere
over the Indian Ocean in April 1964. My
friends had tried unsuccessfully to con-
vince me before the launch that the prob-
ability of something like this happening
was of the order of 1077; if so, we were
very unlucky.

I would like to believe the absolute
values of the low-risk numbers in the
Rasmussen report, but in view of such
things as overpressure in pressurized wa-
ter reactors, the common mode failure
aspects of the Brown’s Ferry incident,
and the low quality of some reactor
health physics programs, I am forced to
believe the risks may be larger than in-
dicated by the Rasmussen report; we
should stop speculating on the absolute
magnitude of these risks and reduce
them until they are as low as is reason-
ably achievable.

Wolfe attempts to depreciate the use
of the linear hypothesis as it is used, for
example, in reports of the Environmen-
tal Protection Agency and the BEIR re-
port (1) of the National Academy of Sci-
ences. However, there are many studies
of human populations which provide
strong evidence of an increased cancer
incidence resulting from exposures to

-ionizing radiations equal to or less than

those we accept as the maximum per-
missible exposure levels for radiation
workers. I would like to give the follow-
ing three examples.

Mondan et al. (2) examined the records
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Announcing the 2nd AAAS ==

RGD

Research &
Development
in the

Federal Budget
June 15-16, 1977

Colloquium on

The second annual AAAS re-

in the federal budget, to be com-
pleted in May 1977, will be the
subject of an

AAAS
Science & Public Policy
Colloquium
Washington, D.C.
June 15 and 16, 1977

The R&D budget analysis project,
sponsored by the AAAS Committee
on Science & Public Policy and initi-
ated on a trial basis in 1976, resulted
in Willis H. Shapley’s well-received
book Research and Development in
the Federal Budget: FY 1977, and a
lively colloquium attended by nearly
200 AAAS members and government
officials.* The June 15-16, 1977, col-
loquium will again offer a forum for
constructive discussion with officials
of the Executive and Legislative
branches and an opportunity to ex-
amine the complex relationship of
R&D to the federal budgeting
process. Willis H. Shapley will again
be responsible for preparing the R&D
report, which will be available in
book form at the June 1977 col-
loquium.

Specific topics this year will in-
clude the impact of the “transition”
on R&D decisions, future trends in
R&D budgeting, and problems of
criteria for federal budget decisions.
For information and reservations,
please write to

Ms. Catherine Lighthizer
AAAS Division of Public
Sector Programs
1776 Massachusetts Ave., N.W.
Washington, D.C. 20036

*Research and Development in the Federal Budget:
FY 1977 ($5.50) and the 1976 Colloquium Proceedings
($10.00) may be purchased from AAAS.

port on research and development
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of 11,000 migrants into Israel to whom
x-rays had been administered in order to
control ringworm. They found a very high
risk of thyroid carcinoma (6.1 x 10~ %car-
cinomas per year per rad administered);
the mean dose was only 6.5 rads.

Stewart and co-workers (3) have stud-
ied thousands of children who received
in utero radiation doses of 0.3 to 0.8 rad
and found mortality from leukemia and
other forms of cancer is 50 percent high-
er on the average among these exposed
children than among the unexposed con-
trols.

Bross (4), at the Congressional Seminar
on Low-Level Ionizing Radiation, pointed
out that there are groups in the popu-
lation with a very high susceptibility to
radiation damage. His studies showed
that children with diseases such as as-
thma, hives, eczema, allergy, pneu-
monia, dysentery, or rheumatic fever
have a 5000 percent greater risk of devel-
oping leukemia as a result of exposure to
x-rays than do children not so exposed.
(One of my objections to the Rasmussen
report is that it treats averages and does
not recognize the nonhomogeneity of the
human population; subgroups—children,
old people, persons with respiratory dis-
eases—should be given special consid-
eration in evaluating environmental
risks.)

Wolfe gives the impression that many
experts in the radiation protection busi-
ness believe there is a large factor of
safety when applying the linear theory of
radiation risk. However, this is not the
opinion of some knowledgeable scien-
tists. For example, the BEIR report (/,
p. 90) states, ‘‘Because a linear extrapo-
lation model has been used in these cal-
culations, the number of cancer deaths
attributable to any dose other than 0.1
rem/y can be estimated by simple multi-
plication; however, it must be borne in
mind that the foregoing estimate of mor-
tality from radiation exposure (at 0.1
rem/y) may be too high, or too low, for a
variety of reasons. . . .”” An ICRP (Inter-
national Commission on Radiological
Protection) committee report (5) states,
““It is recognized that factors involved in
tissue response to high doses of radiation
might lead to either a decrease or an
increase of the response/dose ratio ob-
taining at low doses and dose rates.” It is
fortunate that the BEIR committee, the
ICRP committee, and others have taken a
neutral position on this issue, because so
much evidence is accumulating to sup-
port the use of the linear hypothesis and
to confirm its applicability to many types
of radiation-induced malignancies. In
fact, there is strong theoretical and ex-
perimental evidence (6) that the linear

hypothesis, in many cases, and espe-
cially for high LET radiation, for ex-
ample, from neutrons and alpha parti-
cles underestimates the risk.

I agree with von Hippel that, in an
accident, ‘“We must be concerned about
reactor safety even if most of the victims
of an accident would not know the origi-
nal cause of their affliction.”” Wolfe, on
the other hand, states, ‘‘At these low
levels it is not even plain that a beneficial
effect is precluded.”” My only response
to persons who make this claim is that I
wish all who really believe this would
install a small cesium-137 source in the
ceiling of each room of their homes so
that over a period of years we could
obtain some convincing proof that this is
a bad assumption.

KARL Z. MORGAN
School of Nuclear Engineering,
Georgia Institute of Technology,
Atlanta 30332
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Bertram Wolfe comments on the linear
theory of radiation health effects used to
predict the number of cancer deaths and
genetic effects from a given dose of ioniz-
ing radiation. Wolfe’s main points are (i)
that there are no scientific grounds for
acceptance of the linear theory of radia-
tion effects and (ii) if there are these
effects at low doses, ‘‘they are so small
that they are masked by other environ-
mental factors,”” and hence (one is led to
conclude) of little significance. The first
statement is incorrect. The second, al-
though true, is misleading, as the same
statement could be made about other
causes of death (such as murder by hand-
guns) which we do regard as of some
significance.

The scientific basis for the linear theo-
ry of radiation induction of cancer rests
on our knowledge of how radiation inter-
acts with biological material at the molec-
ular level. Like all forms of electro-
magnetic radiation, ionizing radiation
transfers energy to the material through
which it passes in ‘‘quanta’ or discrete
packages of a fixed size. With x- and
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gamma radiation these quanta are suf-
ficient to remove electrons from atoms,
leaving positively charged ions (hence
the term ‘‘ionizing’’ radiation). The end
product of such an event in living tissue
can be strand breakage or base damage
in the cell’s DNA. Such an event could
result in a mutation leading to a cancer.
It is important to note that, because of
the quantum nature of radiation, there is
no dose of ionizing radiation (other than
zero) below which these events cannot
occur, and the dose-response curve for
their production must be linear. How-
ever, although such a mechanism for
radiation carcinogenesis is plausible—
even likely if we consider the relation-
ship between mutagenesis and carcino-
genesis (/)—it is not based on solid ex-
perimental data. However, there is a
wealth of data which indicates that most
basic cellular effects of radiation (for ex-
ample, chromosome aberrations, dele-
tion mutations, and cell Killing) are pro-
duced by the interaction of two ‘‘suble-
sions”” which occur close together in a
cell in both space and time (2). Although
this means that the dose-response curve
for cellular effect will be quadric (that
is, related to the square of the dose),
it can be shown rigorously that the
dose response curve at low doses must
be linear without a threshold, purely on
the basis of the physical deposition of
energy at the microscopic level (3). An-
other way of arriving at the same con-
clusion, again based purely on the phys-
ics of radiation interaction, derives from
the fact that all low LET (linear energy
transfer) radiations (such as x- and gam-
ma rays) have a high LET, or densely
ionizing, component. This component af-
fects cells exactly as does pure high LET
radiation (4). Because the dose-response
curve for cancer induction by high LET
radiation is invariably linear, without a
threshold (5), it follows that the low dose
portion of the low LET radiation dose-
response curve must also be linear, with
no threshold. The extent of the linear
portion of the curve remains to be estab-
lished firmly, but the evidence, both
from a variety of endpoints in mamma-
lian cells (such as chromosome aberra-
tions and inheritable mutations) and from
studies of cancer induction in humans by
radiation, indicates that the linear portion
is dominant to approximately 100 rads (6).
Since much of our knowledge of carcino-
genesis by radiation comes from doses of
around 100 rads, this means that, for all
practical purposes, linear extrapolation
from data obtained at these doses will be
a good way of estimating effects at very
low doses.

Wolfe’s point that radiation effects in

28 JANUARY 1977

the general public from nuclear power
(or from any other source of radiation
contributing to public exposure) cannot
be detected statistically is probably cor-
rect. One reason for this is that radiation-
induced cancers or genetic changes are
no different from cancers that are not
radiation-induced or from genetic effects
and hence are indistinguishable from
them. A second reason is that the huge
number of such effects constitutes a
large statistical background. For ex-
ample, more than 300,000 people will die
of cancer this year in the United States.

If we had no way of distinguishing
death by murder from death by natural
causes, the death rate from murder could
increase manyfold before it become no-
ticeable as an increase in the mortality
from all causes. Such is the problem with
cancers induced by radiation or by any
other carcinogen in our environment. It
is important not to equate ‘‘undetect-
able’” with “‘insignificant.”

MARTIN BROWN

Division of Radiobiology Research,
Department of Radiology, Stanford
University, Stanford, California 94305
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Page Charges: Shifting the Burden

Windsor’s professedly preposterous
notion (Letters, 24 Dec. 1976, p. 1377)
that authors of papers should pay higher
dues because they generate most of a
scientific society’s expenses leads in-
directly into the most important aspect
of the discussion of page charges.

That learned societies charge for publi-
cation of the scholarly work of their
members shows just how thoroughly
they have lost sight of what they were
organized for in the first place—to dis-
seminate knowledge. The Postal Service
law is to the point. Learned societies
should discontinue page charges and dis-
tribute the burden among all the mem-
bers, subscribers, and advertisers, who
are the primary beneficiaries.

MARSHALL C. JOHNSTON
Department of Botany,
University of Texas, Austin 78712
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