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Students learn not only from classroom lectures, but also
from seeing what they're studying. It works in the lab, it works
in the classroom. Here is a fast-growing line of modern educa-
tional aids—slides, filmstrips, projectuals, learning programs,
tapes and texts. To help the student believe . . . and learn.

Villee: TAPES AND FILMSTRIPS to accom-
pany BIOLOGY, NEW THIRD EDITION

Here are two thirty-minute taped lectures
by Claude Villee, accompanied with illustra-
tive film strips. Dr. Villee covers two often
difficult areas for the student—the capture
of energy by the cell and general principles
of population genetics. Used in the lecture
hall or library carrel, they will help your
students comprehend these concepts more
readily. With orders of ten or more copies
of Villee's “‘Biology, 6th Edition,” the mate-
rial is free of charge and becomes the
property of your department. (Also availa-
ble independent of the text.)

By Claude A. Villee, Harvard University.
One C-60 Cassette, two filmstrips. April
1972. About $30.00 (BIOLOGY, SIXTH
EDITION: 915 pp., 620 figs. $11.25. April
1972). :

Christensen & Cellarius: INTRODUCTION
TO BIOENERGETICS~-Thermodynamics for
the Biologist

Here is a thoroughly new learning program
which provides a clear-and detailed under-
standing of the conditions under which one
biochemical reaction can drive another, a
biochemical reaction can drive a transport
process, or a transport can drive a reaction.
Included is a helpful appendix with charts,
tables and materials for self-testing.

By Halvor N. Christensen and Richard A.
Cellarius, both of the University of Michi-
gan§0224 pp. ill. Soft cover. May 1972.
$5.

Villee & Dethier: OVERHEAD PROJECTUALS
to accompany BIOLOGICAL PRINCIPLES
AND PROCESSES

Now available are five sets of overhead
projectuals in full color for use on an over-
head projector. These handsome, brilliantly-
rendered projectuals furnish valuable aid
in five topics—the Krebs cycle, the ““central
dogma,’’ the nitrogen cycle, structure and
function of the human kidney, and events
in the human menstrual cycle. These pro-
jectuals are available at no charge with
orders of ten or more copies of ‘‘Biological
Principles and Processes,” and become the
property of your department. (Also availa-
ble independent of the text.)

By Claude Villee, Harvard University; and
Vincent G. Dethier, Princeton University.
About $50.00. April 1972 (BIOLOGICAL
PRINCIPLES AND PROCESSES: 1009 pp.,
660 figs. $11.25. April 1972).

Spencer: THE PHYSICS AND CHEMISTRY
OF DNA & RNA

In this brilliant new text the author clearly
examines the nucleic acids as macromole-
cules, considers their physico-chemical
properties, discusses the macromolecular
phenomena they exhibit, and details the
physio-chemical methodology of study in
them. Helpfully and extensively referenced.

By John H. Spencer, McGill University.
About 160 pp. ill. Soft cover. Just ready.
About $15.00

To request copies for adoption consideration, write Textbook Marketing Division, specifying

present text and title of course.

W.B. Saunders Company W. washington Sq., Phila., Pa, 19105
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Our New Model 20
Programmable Calculator.
Latest In the Series 9800.

It speaks and understands English.
It speaks and understands Algebra.
Itreally understands your problems.
It was designed for instant program-
ming right at your desk. The Model
20 will take you from concept to
final solution of your problems

MEMORY

NORMAL

faster than any other system on the
market.

Incredibly Natural Language.
You'll quickly grasp the operating
concepts of the Model 20, because
it uses a natural but powerful lan-
guage that lets you work with alge-

‘braic symbols, formulas, and English

language instructions. And, if you
already know how to program, you'll

appreciate features that once were
exclusive to languages like FOR-
TRAN or BASIC: Enter and Format
statements, function subroutines,
and callable subroutines with
parameter passing.

Talk out a problem with your
Model 20. Key in your problem
exactly as you would write it on
paper. Press EXECUTE and there’s
your answer. It's deceptively simple.

With the Model 20 you always
know where you stand. Its alpha-
numeric display and printer give
you operating instructions, show
your formula as you key it in, and
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completely label your input and
output data.

Easy To Get Along With.

One of the nicest things about the
Model 20 is that it doesn’t bite. If
you make a mistake, your display
not only tells you there’s an error —
but precisely what and where the
error is. Then it's a simple matter
to insert, delete, or replace anything
from one symbol to an entire line
with just a few quick strokes on the
editing keys. It adds up to this: You
don’t have to be an expert to operate
the Model 20. Because of its error
detecting and correcting techniques,
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the Model 20 is the fastest and
easiest programmable calculator
available.

A Word About Power.

What really counts is not that our
calculator will solve up to 36 simul-
taneous equations, but what you can
do with that power. With the Model
20 you’ll spend less time getting
answers and more time building
ideas. Another thing. Our keyboard
is modular. So if you don’t like our
setup, you can build your own.

The Model 20 can be plugged
into our hardworking Series 9800
Peripherals: X-Y Plotter, Type-

RETURN

writer, and Card Reader, to name a
few. An added plus — it interfaces
with test instruments. The basic
unit, including our built-in alpha-
numeric display and printer is
$5,475, with immediate delivery.
For more information or a “hands-
on” demonstration, write: Hewlett-
Packard, P.O. Box 301, Loveland,
Colorado 80537. In Europe: 1217
Meyrin-Geneva, Switzerland.
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City, Foreword by Herbert A.
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LETTERS

Plutonium Plant Safety

If the purpose of Deborah Shapley’s
report (News and Comment, 5 Nov., p.
569) on the Dow Chemical Co., Rocky
Flats Division, in Colorado was to in-
crease the gap between what the Atomic
Energy Commission (AEC) and the
Rocky Flats management say and what
listeners will believe, then her piece
was well done. If, on the other hand,
a reader can imagine that plutonium
handling has evolved somewhat during
the last 25 years, he might also believe
that certain things that were con-
doned in the past are now forbidden
and would be forbidden even without
the strong environmental considerations
that abound today.

By today’s standards, yesterday’s ac-
tions were crude, but today’s concern
with human welfare and the environ-
ment is historically recent. How long,
for example, have seat belts been gen-
erally available for automobiles, and
how old is the Environmental Protec-
tion Agency? Whether events in the
1950’s are examples of managerial in-
eptness or reflect the developmental
style of industrial America is pertinent
to criticisms of the AEC, since the
legality of the spending of funds hinges
partly on the nature of current practice.
Machines are known to wear out, and
improved safety practices tend to re-
quire redesigned equipment. What is
safe today is predictably unsafe tomor-
row, even if the safety standards were
to remain constant. There is no incon-
sistency in saying we are safe, and we
need more funds to maintain safeness,
yet Shapley implies such an incon-
sistency.

Shapley’s principal source on Rocky
Flats contamination, E. A. Martell, suf-
fers from his own credibility gap. For
example, his original indictment ()
included soil analysis data for plutonium
that failed to show a bimodal distribu-
tion of values, a prerequisite to estab-
lishing a Rocky Flats anomaly. His
conclusion that off-site contamination
was occurring was correct, but for the
wrong reasons, since the 1968 barrel
storage site was established as the source
of contamination (2), not the 1969
fire suspected by Martell.

Although Martell’s criticisms were
useful in that they focused attention on
this matter, his data and interpretations
should be looked at more closely. Where
he took duplicate samples at single sites,
the reported analytical values differed

by a factor of 6 in one case and by a
factor of 9 in another (/). His most
recent contention (3) that off-site plu-
tonium contamination is three times
what has been determined by the Health
and Safety Laboratory (HASL) is based,
first, on his own interpretation of HASL
data for the (compass) quadrant north-
east of the plant, using a method which
HASL people say abuses their data (4),
and second, on the presumption that
equal amounts of plutonium lie in the
quadrants both southeast and west of
the plant. Since only 17 percent of the
winds blowing past Rocky Flats have
an easterly component, and none of
the strong winds do, it is difficult
to understand how one-third of the
effluent can end up west of the plant.
Similarly, the quadrant southeast of the
plant, which includes most of the Den-
ver area, is protected by dominant
northbound winds which take Denver
air away via the Platte River valley;
presumably Rocky Flats air goes the
same route. I am disturbed that a scien-
tist from the National Center for Atmo-
spheric Research appears to ignore
those two facts about local wind pat-
terns.

Off-site contamination and exposure
to workers inside the plant are trans-
scientific problems, as described by
Weinberg (Letters, 5 Nov. 1971, p. 546)
and data are collected slowly. Studies
of exposures to workers must naturally
be restricted to those persons involved
in incidents. If the 450 Rocky Flats
workers (of 7700 total employees)
in the Transuranium Registry seems a
small number, one should realize that
fewer than half of Rocky Flats em-
ployees work with plutonium in any
way, and few of those collect signifi-
cant exposures during their tenure.
Perhaps the “smallness” of the 450 re-
flects the nature of the industrial safety
record at Rocky Flats, which includes
two disablement-free series of 24 mil-
lion and 21 million man-hours, among
the longest in American industry.

Shapley seems to imply that Dow is
negligent in examining former (ex-
posed) workers only on a voluntary
basis, but on what grounds can we
subpoena a reluctant nonemployee to
submit to periodic examination? At
best, these catch-as-catch-can experi-
ments have minor scientific merit, in
spite of their immense human interest.
Their greatest value may lie in helping
improve extrapolations from controlled
experiments on animals.

Joseph Sykes, the Rocky Flats em-
ployee who refused to enter Building
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776 after the 1969 fire, had received no
significant exposure to plutonium. His
concern about the risk apparently in-
creased until he no longer felt com-
pensated by the premium pay he had
been receiving. To “just plain quit” for
that sort of reason is a privilege that
belongs to everyone, but no employer
should have any after-the-fact obliga-
tions to a worker who makes such a
decision.

It is easy, now, to see where past
actions were inappropriate or worse,
yet that same insight allows us to see
better where our current ignorances lie
and thus institute programs to improve
our learning rate. The plutonium in-
dustry is really safer than it was 15
years ago, and in S years it will be safer
still. The production of plutonium in-
volves a multiplicity of dangers; the
public should be made aware of them
and demand that the industry invent
and apply ever better safeguards. Public
motivations in this matter are neces-
sary, but many aspersions of the kind
in Shapley’s report will work to distort
public judgment.

DonaLp E. MICHELS
Route 2, Box 677,
Golden, Colorado 80401
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Shapley states that the AEC has not
“rigorously” followed up its plutonium
workers except by means of the re-
cently established United States Trans-
uranium Registry. A series of plutonium
workers at the Los Alamos Scientific
Laboratory with a body burden of more
than 0.2 microgram of plutonium-239
(0.01 microcurie) has been followed up
for the past 27 years at the AEC'’s ex-
pense. At about 5-year intervals, 25
workers have had physical examinations
and laboratory tests, including blood
tests, x-rays of the bones, and urine as-
says for plutonium. Now that it is possi-
ble to measure insoluble or fixed plu-
tonium in the lungs, these men are be-
ing called back to Los Alamos for
further study, including lung burden
measurements and cytological examina-
tions of the sputum. Of the 25 workers,
20 have been examined as of 7 June
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THE BOARD OF TRUSTEES of
the Educational Council for For-
eign Medical Graduates, Phila-
delphia, Pa., invites applications
for the position of Executive
Director.

The Executive Director of the
Educationai Council for Foreign
Medical Graduates functions as
the chief administrative officer
for the programs of the ECFMG
which include the conduct of
examinations, the analysis of
credentials and the certification
of graduates of foreign medical
schools.

The Executive Director is di-
rectly responsible to the Board
of Trustees of the ECFMG.

Qualifications include exten-
sive experience in predoctoral
and postdoctoral medical edu-
cation in the United States with
a knowledge or interest in inter-
national medical education. Can-
didates for the position must
have the M.D. degree and have
had appropriate administrative
experience.

The selected candidate should
be available after September 1,
1972.

If qualified, please respond
with a dossier to: Leonard D.
Fenninger, M.D., National Insti-
tutes of Health, Bldg. 1, Room
111, Bethesda, Md. 20014.
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and in the field. Sizes: 10,
25, 50, 100 ml. (Cat. No.
3650). Order from your Lab
Supply Dealer. For further
information write Dept.
4119, Nalgene Labware Divi-
sion, Rochester, N.Y. 14602.

Nalgene® Labware...
the permanent replacements.
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1972, and 3 others will be studied
in the near future. So far, no evidence
has been detected of biological damage
due to radioactivity in the body. These
men, as well as other plutonium workers
at the Los Alamos Scientific Laboratory,
are being urged to join the U.S. Trans-
uranium Registry.

Louis H. HEMPELMANN
School of Medicine and Dentistry,
University of Rochester,
Rochester, New York 14620

WRIGHT H. LANGHAM*

Biomedical Research Group,
Los Alamos Scientific Laboratory,
Los Alamos, New Mexico 87544

* Deceased

Ecological Assessment

Twin bills are pending in committees
in both houses of Congress that would
appropriate up to $10 million to the
National Academy of Sciences for a
study “to assess the extent of the dam-
age done to the environment of South
Vietnam, Laos, and Cambodia as the
result of the operations of the Armed
Forces of the United States in such
countries, and to consider plans for
effectively rectifying such damage.”
These bills will not pass without the
active support of the scientific com-
munity.

Following is the text of a supporting
letter to Senator J. W. Fulbright (D-
Ark.), chairman of the Senate Foreign
Relations Committee, signed by 78
members of the Department of Zool-
ogy of the University of California at
Berkeley:

We, the undersigned, members of the
Department of Zoology, University of
California at Berkeley, wish to voice our
strong support of S. 3084, The Vietnam
War Ecological Assessment Act of 1972,
and we urge you to lend your own sup-
port to its passage. We are professional
biologists, representing a wide range of
political opinion, acting collectively in re-
sponse to our individual concern as United
States citizens.

Many of us are teachers or researchers
in ecology, who have devoted our pro-
fessional lives to furthering basic knowl-
edge of the structure and function of
ecosystems. One overwhelming result has
emerged from our work and from that of
others: ecosystems are enormously com-
plex. This complexity makes it almost
impossible to predict the subtle, indirect,
and delayed consequences of even the
most simple and seemingly minor changes
made by human beings. The widespread
disturbances of local ecosystems by our
armed forces in Southeast Asia are
neither simple nor minor, and the force

of their indirect and delayed effects may
far outweigh their immediate and ob-
vious consequences.

For this reason we feel that it is im-
perative that appropriate broad-scale, in-
depth studies be initiated as soon as pos-
sible to determine both the short and long
term ecological and human consequences
of defoliation, deforestation, bombing, and
chemical residues in the battlegrounds of
Southeast Asia. Unlike the expense of re-
constructing a building or a highway, the
cost of ecological reconstruction rises
sharply with every month’s delay. A mil-
lion dollars now may save hundreds of
millions five years hence.

For all these reasons, and for the sake
of future generations in Vietnam, Laos,
and Cambodia, we implore you to support
the Vietnam War Ecological Assessment
Act.

We urge other concerned individuals
and groups to support this legislation.
Letters regarding the House bill (H.R.
13010) should be addressed to Repre-
sentative Thomas E. Morgan (D-Pa.),
chairman of the House Committee on
Foreign Affairs.

MATTHEW H. GREENSTONE
ROBERT K. COLWELL
Frank A. PITELKA
Department of Zoology,
University of California,
Berkeley 94720

Suftering Legions?

When exposed almost continuously
to colonies of white rats and mice,
I noted the gradual onset of some per-
sonally very upsetting symptoms: puff-
ing of the eyelids; watering of the eyes;
nasal congestion; sneezing; and extreme
respiratory discomfort, including wheez-
ing and bronchial coughing. Contin-
ued research with rodents became dif-
ficult,

As a probable result of my experi-
ence with rodents, I am now allergic to
most furry creatures, as well as to pol-
lens and molds. Such an allergy limits
my ability to work at pharmaceutical
research, where the white rat is the
animal of choice.

At first I thought my experience was
unique and I had best suffer in silence,
but I have recently met other biologists
who suffer the same symptoms. Have 1
had the bad (or, hopefully, the good)
fortune of meeting most of the world’s
supply of fellow sufferers, or might
there be silently suffering legions?

DaviDb A. GOODMAN
Newport Neuroscience Center,
Postal Service Box 4045,
Irvine, California 92664
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SCIENCE

Science and Trans-Science

Many of the issues that lie at the interface between science and politics
involve questions that can be stated in scientific terms but that are in
principle beyond the proficiency of science to answer. In a recent paper
in Minerva [10, 209 (April 1972)], I proposed the term “trans-scientific”
for such questions. For example, the biological effect on humans of very
low level radiation (or of other physical insult, for that matter) will
probably never be fully ascertained, simply because of the huge number
of animals required to demonstrate an unequivocal effect. Estimates of
extremely unlikely events (such as a serious reactor accident) can never
be made with anything like the scientific validity that one can apply to
estimates of events for which there are abundant statistics.

In the current attempts to weigh the benefits of technology against
its risks, the protagonists often ask for the impossible: scientific answers
to questions that are trans-scientific. What the scientist can do in clarify-
ing matters of trans-science differs from what he can do in clarifying
matters of science. In the latter case, he can bring to bear his scientific
expertise to help establish scientific truth; in the former case, he can,
at most, help delineate where science ends and trans-science begins. We
scientists sometimes refuse to concede that science has limits. The debate
on risks versus benefits would be more fruitful if we recognized these
limits.

Scientific truth is established by the traditional methods of peer re-
view: only what has value in the intellectual marketplace survives. By
contrast, where trans-science is involved, wisdom (rather than truth)
must be arrived at by some other mechanism. Our society is experi-
menting with procedures, either adjudicative or political, for making the
delicate judgments of value that underlie the resolution of trans-scien-
tific questions. These procedures are much in vogue now as a conse-
quence of the National Environmental Policy Act. Although these pro-
cedures are often marred by their lack of discipline, even unruliness,
such untidiness is, I suspect, inevitable in a democratic society.

We scientists value our republic of science with its rigorous peer
group review. The uninformed public is excluded from participation in
the affairs of the republic of science rather as a matter of course. But
when what we do transcends science and impinges on the public, we
have no choice but to welcome public participation. Such participation
by the uninitiated in matters that have both scientific and trans-scientific
elements may pose some threat to the integrity of the republic of
science. To my mind, however, this is a lesser threat than is the threat
to our democratic processes that would be posed by excluding the
public from participation in trans-scientific debate.

We must strive to improve our procedures for conducting this debate
in such a way that the issues can be aired fully and yet the procedures
themselves cannot be easily abused. That this is easier said than done
does not absolve us as scientists from contributing to the development
of better institutions for conducting trans-scientific debate.—ALVIN M.
WEINBERG, Director, Oak Ridge National Laboratory, P.O. Box X, Oak
Ridge, Tennessee 37830
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