


New BeckmanTJ-6 Centrifuge

A large capacity table top
with optional refrigeration.

Maxi-Carrier tube stainless steel buckets

Now theres a table top centri- racks hold every which hold the

fuge that holds up to 960 ml — and popular-size tube, tube racks and

it's available with or without and more of them: contain spillage in

refrigeration. 120 RIA tubes of case of tube breakage,
It’s the Beckman TJ-6. 10x 75 or 12 x 75 mm, and a rotor imbalance
The TJ-6 four-place rotor and 96 14 x 100 mm, 72 detector.

16 x 100 mm, or 16
50-ml tubes. With its
refrigeration option,
large capacity, and

With the TJ-6 and
TIJ-6R, you now have
two more choices
from Beckman — the

speeds to 5700 rpm, ! most respected name
this new table top can in centrifugation.
handle many separations which For complete information, send
formerly required the expense and  for Data File SB-490. Write
size of a refrigerated floor-model. Beckman Instruments, Inc.,

The TJ-6 also has a rotor bowl Spinco Division, 1117 California
that lifts out for easy cleaning, Avenue, Palo Alto, CA 94304.

BECKMAN
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Behind H ttons
there’s a*brain”

Electronic intelligence has come
to the phone system.

It’s part of our new electronic
switching machines, working round-
the-clock to give you better phone
service.

And it’s another innovation in
telecommunications from Bell Labs
and Western Electric.

Intelligent Systems.

Conventional electromechanical
switching couldn’t have kept up with
the enormous increase in telephone
calling. Only electronic switching can
do that.So we've developed a family
of electronic machines that are
handling calls in rural, suburban and
metropolitan areas.

And our new long-distance
electronic system handles 550,000
calls an hour—four times as many
as before.

So your Bell telephone company
can continue to respond to your needs
better and, at the same time, keep
your costs reasonable.

Since electronic switching mach-
ines run on instructions that canbe
easily changed, their operations and
services can be changed without

rewiring or adding equipment.

This flexibility makes many new
services practical. Like having your
calls forwarded to another number or
being signalled the instant a busy
line becomes free. The instructions
are just programmed into the
system’s memory.

Electronic switching systems
can do more because they’re much
faster than electromechanical sys-
tems. Soeventhough they’re handling
many more calls, electronic systems
have time left over for other tasks.

They continuously check them-
selves for trouble, diagnose any they
find, signal for help, and route calls
around a trouble spot.

But trouble is rare with electronic
switching.

Today’s systems are working
round-the-clock with less than
12 minutes “downtime” a year on the
average. That makes them 99.9998%
reliable.

Our Biggest Job Ever.

The development of electronic
switching was the biggest project
ever undertaken by Bell Labs
and Western Electric in our

efforts to keep your phone bill down.

It required an enormous invest-
ment in research and development.

Building it took even more work
and money.

But now there are 1000 elec-
tronic switching offices serving
communities of every size as well as
handling long distance calls. And a
new office is being installed about
every working day.

The System Works.

Ittook the Bell System to develop
electronic switching.

Because only the Bell System
has Bell Laboratories and Western
Electric working together to make
your telephone system the most
reliable and least expensive in the
world.

Whichis to say, we had the brawn
to put a “brain” behind your phone.

One of a series of messages to
keep you informed of how telecom-
munications technology is changing
our world—and the part Bell Labs,

Western Electric and your
Bell Telephone Company are
playing in it.

Western Electric/Bell Laboratories
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The setting sun with a portion of the 22-
degree halo and a V-shaped arc which
touches it at the top. The arc was as-
sumed to be the upper tangent arc until
careful comparison with computer sim-
ulations revealed it to be an example of
the Parry Arc. See page 360. [R. G.
Greenler, University of Wisconsin-



ROTAVAPOR EL

Specially designed distribution head
with built-in duct permits applications
not possible with other rotary
evaporators. Also has electronically-
controlled motor, quick-action jack
and stainless-steel heating bath.

Designed for large volume applications.
Has 10 liter flasks, mechanical lift, electronic

thermostatically-controlled heating bath.
For batch or continuous-feed operations.

Which Biichi/Brinkmann
Rotary Evaporator
should you get?

We make the choice hard,
to make the extraction easy.

Buchi/Brinkmann offers rotary evaporators
in a variety of models to facilitate all types
of extractions. .

There is a rotary evaporator éﬂ
for volumes as small as 5 ml,
and Pilot Plant Models for volumes
as large as 501. In between, there are
models with variable speed electronic
motors sparkless induction and explosion-
proof motors, quick-action jacks,
stainless- steel heating baths, and
a wide selection of flasks, condensers
and accessories.

If the rotary evaporator you need
is not shown here, you'll find it in the
new Bichi/Brinkmann brochure. For
your copy, write: Buchi Division,
Brinkmann Instruments, Cantiague
Road, Westbury, N.Y. In Canada:

50 Galaxy Boulevard, Rexdale
(Toronto), Ont.

Biichi/Brinkmann
Rotavapors

SMALL VOLUME
ROTAVAPOR M
For evaporations, organic
synthesis, and analysis of
volumes 5 to 100 ml.
Rotates at 150 r.p.m. All
glassware is threaded.
Comes with 4 evaporating
and 3 receiving flasks
plus extra vacuum seals.
Less than 2 ft. wide.

&

\
|

ROTAVAPOR RE
Has fully transistorized,
electronically controlled high
torque motor. Variable speed,
10 to 220 r.p.m. Continuous
solvent feed. Equipped with
safety deflector shield,
quick-action jack and
stainless-steel heating bath.

ROTAVAPOR R-10

ROTAVAPOR R-50EX @
Explosion-proof Pilot Plant Model for large
volume extractions. 50 liter capacity flasks,

high throughput of solvent. Variable speed motor.
For batch or continuous-feed operations.

speed control (10 to 150r.p.m.) and
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TIAA-CREF
Supplemental
Retirement
Annuities

for tax-deferred
annuity programs

Supplemental Retirement Annuities (SRA’s) are new forms of TIAA and CREF contracts
designed expressly for use by persons who want to set aside tax-deferred retirement
funds over and above amounts being accumulated under their institution’s basic
retirement plan. They are available for employees of colleges, universities, private schools
and certain other nonprofit educational organizations with tax-deferred annuity
(salary-or-annuity option) programs. Through a properly drawn agreement

with their institution, staff members may divert part of their compensation before

taxes to the purchase of these new contracts.

And SRA’s are cashable at any time. this means that

if the money accumulated by salary reduction is needed before retirement, the SRA
contracts can be surrendered for their cash value. Benefits, whether payable in cash or
as income, are taxable as ordinary income when received.

ocy,
NS 'ATioN
001,

For more information and answers to questions send for your copy of the booklet on
Supplemental Retirement Annuities.

F--_—-_—_-—-_—

Send me a booklet describing TIAA

TIAA-CREF Supplemental Retirement Annuities.

Name

Address

Street

Nonprofit
Employer

Teachers Insurance and Annuity Association Wi
730 Third Avenue, New York, New York 10017 !

__-_———-_J

I City State Zip

__—__—___—_—_J
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and
MOLECULES

A Sound Bank of Science
from the
American Chemical Society

MAN and MOLECULES Cassettes:

An easy way to keep up with what's
happening in science

Outstanding scientists are
interviewed in language that
everyone can understand. Each
cassette has two 15-minute
programs.

ACS Members Nonmembers
Single Cassette $5.95 $6.95
Any Eight Cassettes $4.95/cassette  $5.95/cassette
Any 20 or more
cassettes to one address $4.00/cassette

10% discount if payment accompanies order

NAME

ADDRESS

CITy STATE ZIP

select your choices and mail to

Dept. M&M

American Chemical Society
1155 16th St., N.W.
Washington, D.C. 20036
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SCIENCE AND SOCIETY

HEALTH AND MEDICINE

1 World Energy Dr. G. T. Seaborg
The Recycle Society Dr. G. T. Seaborg

[ Cataract: The Clouded Eye Dr. A. Spector
Nuclear Medicine Dr. W. Wolf

[ Science and the Future Dr. L. Pauling
Society and the Future Dr. L. Pauling

O Emphysema Update Dr. A. Janoff
Heart and Kidney Help Drs. H. Grotta, D. Fink

O Consumer Science Dr. C. Snyder
Think Metric J. Odom

O Building Better Bones Dr. L. Hench
The Sickled Cell Dr. R. Jackson

[ Science at Home Dr. F. Long
Science in the Developing World Dr. F. Long

O Nutrition and the Brain Dr. J. Fernstrom
Chemical Look at Mental lliness Dr. S. Kety

O Prohing Creation Dr. M. A. Coler
Community Needs in Research Dr. H. G. Stever

O Menacing Molds Essay Report
The Aflatoxin Problem Essay Report

CANCER

O Toward a Cancer Vaccine Dr. R. Hunter
Cancer and the Cell Membrane Dr. R. Barnett

O Cancer and Immunotherapy Dr. A. Barker
Chemicals Combating Cancer Dr. D. Grassetti

O Improving Cancer Drugs Dr. P. Shein
Plants Against Cancer Dr. S. M. Kupchan

O Cancer and Chemicals Part | Dr. C. Heidelberger
Cancer and Chemicals Part Il Dr. C. Heidelberger

O Screening for Cancer Agents Dr. B. Ames
Chemicals in the Environment Dr. S. Epstein

SCIENCE & SPACE

O Discovery of Element 106 Drs. G. T. Seaborg, A. Ghiorso
Superheavy Elements Dr. E. Anders

O How Time Has Changed Sir G. Porter
Analyzing with Light Dr. R. Nathan

O Fighting the Nation’s Fires Dr. J. Lyons
Tomorrow’s Polymers Dr. R. Deanin

O Preserving the Past Dr. S. Lewin
The Attraction of Magnets D. Kelland

O The Earliest Days Dr. S. Fox
Mapping Molecular Fossils Dr. M. Rossman

[ Optical Communications J. Cook, B. DeLoach, D. Pearson
Tomorrow’s Transportation F. Kovac

O How Smells Shape Up Dr. J. Amoore
The Language of Odors Dr. S. Freeman

O Neutron Activation and History Dr. E. Sayre
Neutron Activation and Hair Dr. A. Gordus, Mrs. J. Gordus

THE NATURAL WORLD

O Sun and Climate Dr. S. Schneider
Particles and Climate L. Thompson

O Foods for the Future Dr. R. Wiley
Unconventional Protein Dr. J. Litchfield

O Single Cell Agriculture Dr. |. Zelitch
The Need for Nitrogen Dr. R. Hardy

O Cultures and Climate Dr. R. Stuckenrath
The Dating Game in Archeology Dr. F. Rainey

O Jojoba Power Dr. M. Harris
Nature’s Light: Bioluminescence Dr. M. Cormier

O Davy Jones’ Treasure Dr. S. Gerard
The Future of Minerals Dr. V. McKelvey

O Frogs and Medicine Dr. J. Daly
Sickle Cell Progress Dr. W. Brown

O Diabetes and the Forgotten Hormone Dr. H. Tager
Diabetes: A Progress Report Dr. D. Steiner

O The Brain’s Own Morphine Dr. S. Snyder
Narcotics and the Brain Dr. A. Goldstein

O Fighting the Flu Dr. E. Kilbourne
Interferon: From Colds to Cancer Dr. S. Baron

O Fighting Fat Dr. J. J. Marshall
Fiber: Forgotten Nutrient Dr. J. Scala

O Dental Vaccines Dr. W. Bowen
Tackling Tooth Decay Dr. J. Cassel

O New Look at Stroke Dr. R. Wurtman
New Key to Heart Disease Dr. A. Gotto

O Marijuana and Medicine Dr. L. Harris
Artificial Blood Dr. L. Clark

O Remodeling the Body Dr. S. Carr
Copying Coral for Bones Dr. D. Roy

O Herbal Medicine in China Dr. S. M. Kupchan
Natural Food Toxicants Dr. J. M. Coon

O The Phosphate Problem Dr. H. DeLuca
Vitamin D: An Update Dr. H. DeLuca

O Nuclear Medicine I Dr. H. Wagner
Nuclear Medicine 11 Dr. H. Wagner

[0 The American Diet: A Critique Dr. A. E. Schaeffer
Unintended Food Additives Dr. H. Kraybill

O Aging: Dissonant Harmony Dr. D. Harman
The Molecules of Memory Dr. L. Iverson

O Early Hope for the Male Pill Dr. R. Whistler
Birth Control: Problem and Prospects Dr. C. Djerassi

O Aspirin vs. Prostaglandins Dr. J. Vane
The Drug Interaction Problem Dr. D. Hussar

O Enzyme Replacement Therapy Dr. R. Brady
Prenatal Disease Diagnosis Dr. M. L. Moss

3 Monitoring High Risk Pregnancies Drs. G. Stiles,
J. Hobbins
Safety for Premature Infants Dr. J. Morrison

O Help for the Critically Hll Dr. J. Moylan
A Tilt at Genetic Ills Dr. V. Aposhian

ENERGY

[ Saving Energy at Home R. Carlsmith
Energy and Environmental Thrift Dr. S. Berry

O Solar Cells D. Carmichael -
Solar Homes for the Future Researchers from University
of Delaware, Institute of Energy Conversion

0 Water: A Mystery Dr. W. Drost-Hansen
The Secrets of Salmon Dr. A. Hasler

O Fusion: An Update Dr. R. Parker
Geothermal: Fire in the Earth P. Witherspoon

O Earthquakes: Progress in Prediction Dr. C. Scholz
The Seas in Motion Dr. W. Broecher

O Energy and the Coastal Zone B. Manowitz
Energy and the Environment Dr. S. Manahan

O The Future of Wood I Dr. H. Tarkow, W. Youngquist
The Future of Wood 11 Dr. H. Tarkow, W. Youngquist

[ Green Thumb Energy Dr. D. Klass
Tapping the Oceans Dr. 0. Roels

[ History from the Ocean Floor Dr. J. Heirtzler
Underwater Communications Dr. J. Atema

O Energy and Industry A. Waterland
Energy on the Shelf Dr. F. Kalhammer

O How Green the Revolution? L. Brown
Hope for the Hungry Dr. D. Oswalt

[ Methane from Coal Beds Dr. R. Stefanko
Coal’s New Face Dr. B. Lee
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Of course Revco is durable. Every Revco
product is the result of advanced concepts in
design, engineering and construction that have
made us the world’s largest manufacturer of
ULTra-Low® temperature equipment.

Revco uses a combination of heavy gauge
steel bonderized with zinc phosphate coating to
form a corrosion resistant barrier. Cabinets are
finished with baked acrylic enamel. Handles are
heavy-duty chrome plated. High density fiberglass
and polyurethane foam are used with an integrated
overlap system to eliminate voids.

The world’s leader in ULTra-Low® temperature equipment.

IREVCO

28 JANUARY 1977

Each Revco product passes through
numerous quality check points during construction
and testing to make sure it conforms or exceeds not
only industry standards but ours as well. Uprights
and chest freezers with capacities of 3 cu. ft. to 24
cu. ft. and temperature pulldowns from —35°C. to
—100°C. are the rule with us, not the exception.

And that's the way it's been since 1938. We are
the only company to build a special plant just to
manufacture ULTra-Low® temperature equipment.
It's not a side line with us.

Revco’s durability - a standard for the industry.

For additional information and a copy of our new,
full-color catalog, contact: Curtin-Matheson,

Fisher Scientific,| Scientific Products, VWR Scientific.
In Canada: Canlab, Fisher Scientific, Ingram & Bell.

Circle No. 179 on Readers’ Service Card

1100 Memorial Drive, West Columbia, S.C. 29169
803/796-1700 TWX: 810-666-2130 Cable: Revco
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KEY TO
ENVIRONMENTAL
MPACT STATEMENTS

... will contain 1,200 to 1,400 digest-articles like these each year.

HAZARDOUS
SUBSTANCES

76-0005 (Final)

HERBICIDE USE ON NATIONAL FORESTS
OF ALASKA. U.S.D.A. Forest Service, Alaska
Region, Juneau, Alaska.

May 1976; 17 pages + 4 appendixes.

Alaska * Forests * Herbicides * Power Lines *
Railroads + Roads + Vegetation

PURPOSE OR ISSUE. The use of herbicides
on road, railroad, and powerline rights of
way in Tongass and Chugach National For-
ests in Alaska during 1976 is proposed.. The
herbicides include 2,4-D, picloram, amitrole,
sodium metaborate, sodium chlorate, and
bromacil. After reviewing the proposed her-
bicide uses, the Federal Working Group on
Pest Management had no objections to any
of the proposals.

POSITIVE IMPACT AND MITIGATING AC-
TIONS. Use of herbicides in rights-of-way
vegetation control programs significantly
decreases the cost of the programs when
compared to use of mechanical methods
only. Brush control along road rights of
way on sharply curved intersections and
other stretches of road with limited visibility
provides greater safety to vehicle operators
and passengers. Vegetation control contrib-
utes_signiti

NEGATIVE IMPACT. Use of herbicides may
prompt adverse reactions by those opposed
to the introduction of synthetic chemicals
into the environment. In times of high un-
employment, use of labor-saving methods
precludes the forming of new jobs. Small
amounts of herbicide are likely to be intro-
duced into the air, water, and soil. Growth
of many woody plants and broadleaved an-
nual and perennial herbaceous plants is
inhibited by 2,4-D esters. There will be a
potential hazard to susceptible non-target
plants. Some terrestrial animals are likely to
come in contact with or ingest small quan-
tities of herbicide residues. Aquatic orga-
nisms may be exposed to small amounts of
herbicide residues due tb spray drifting,
leaching and runoff into lakes, streams, and
estuaries. Soil microorganisms in and near
treatment areas will be exposed to herbi-
cide residues. Salmonberry bushes may
come in contact with herbicide spray, but
spraying will be done in later spring and
early summer before fruit has formed, re-
ducing the possibility of ingestion of her-
bicide residue by humans.

ALTERNATIVES CONSID
Mechapi re

magnetic tape at $750 per year; microfiche
copies (archival-quality, NMA standard
fiche) of all impact statements covered in
each monthly issue at $2,376 per year;
microfiche of individual statements, $5 per
statement up to five,(5) fiche, $1.50 for
each additional fiche.

Inaugural issue of EIS: January 1977.

Order or request a specimen issue of
EIS from:

IR Information Resources Press

EIS converts federally issued
environmental impact statements —
perhaps the most important indicators of
current and future man-made
environmental change — from ponderous,
frequently turgid volumes to cohesive,
readable 300- to 500-word articles. These
are arranged in 11 topical chapters, and
are indexed in each issue by subject,
geographic area involved or affected, and
originating agency or organization.

The annual subscription (12 monthly issues
plus cumulative annual indexes) is $200,
Domestic USA; and $225, Foreign. Also
available: EIS on computer-searchable ®

2100 M Street, N.W., Suite 316
Washington, D.C. 20037
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Whose Turn To Clean The Still?

The jobnobody wants. Yet if you don’t keep your still me-
ticulously clean, your water quality goes downhill — and
it may not be high enough now!

But why put up with the doubt and aggravation when you
can have consistently better water at lower cost — with
virtually no maintenance?

Water from a Milli-Q ™ system exceeds all standards for
reagent grade purity. Maintenance? Just change a
disposable cartridge.

You could keep your still for feedwater to the Milli-Q. But Sl
our Milli-RO™ reverse osmosis system is a more economi- Milli-RO system
cal source —and it’s virtually maintenance free.

For consistent (and higher) water quality, far less main-
tenance, and lower cost per liter, a Milli-Q/ Milli-RO com-
bination makes much more sense than a still.

Call ustoll free at 800-225-1380 for a free copy of our
bulletin on high purity water systems.

(InCanada 800-261-0961; in Mass.617-275-9200).
Millipore Corporation, Bedford, Mass. 01730.

MILLPORE’

Milli-Q system
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Metrohm

for moisture
measurements

from 10 ppm
to 100 percent

detects water in gases, solids
or liquids at levels as low as
10ppm or as high as 100%.
Metrohm’s titration ™
vessels allow addition of § "“* i
solids or gaseous samples N |
without introducing &
atmospheric moisture, and ‘ Ve
the ‘snap-in” buret unit
permit instant change
of reagents or solvents,
eliminating ‘down time’

utilizes Karl Fischer reagents. *

The E547 performs direct and ¥
back titrations automatically, and trial
titrations can be done manually. Iodometric titrations
(Bromine Number or Index) can also be done
automatically. Write for literature.

E Metrohm E547
L4Karl Fischer Titrator

Division of Brinkmann Instruments, Inc., Cantiague Road, Westbury, N.Y. 11590
In Canada: 50 Galaxy Boulevard, Rexdale, Ontario M9W 4Y5.
Circle No. 25 on Readers’ Service Card



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

challenge

HEPA filters
single handed -and win!

Protect yourself and your product. Quickly pinpoint
and repair troublesome leaks in expensive HEPA

filters. This new version of the world famous Phoenix
Aerosol Photometer is completely self-contained

. and portable, features a high 1cfm sampling

~ rate and near forward scattering signal — 10

¥ to 100X greater than ordinary systems. You
scan filters, get a direct readout in mass
concentrations (no calculations) on the

instrument or at the operator position.

Fast, easy to use for checking filters
or continuous clean room monitoring.

, Your choice of Phoenix Aerosol
Generators provide safe, consistent
nges. 3 sizes — 85 to 500lpm
work stations or entire
ble output, precise particle
ion. Operate on compressed
c, and use DOP — the only test

zed by Fed. Std. 2098 _ .
for HEPA filter testing.

phoenix § precision

DIVISION OF THE VIRTIS COMPANY,INC. P.0.BOX V33 GARDINER,N.Y.12525 800 431-8232 /914 255-5000
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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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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
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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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Technology Transfer

The gap in standards of living between the developed and less developed
countries (LDC’s) continues to grow. Progress of the LDC’s toward a better
life has been slowed by the worldwide economic troubles that continue to
result from the 1973-1974 increase in oil prices. Instead of seeking relief
from the authors of their acute miseries—the Organization of Petroleum Ex-
porting Countries—the LDC’s have united with OPEC to confront the devel-
oped world.

One of the major demands is for greatly increased technology transfer.
This concept began to have currency some years ago, but lately agitation
about it has mounted. From their utterances at international meetings, it
appears that few of the politicians on either side of the debate have more
than the haziest idea of what technology is all about. Nor do they under-
stand how science and simple technologies might be utilized in the setting of
the LDC’s to help meet the basic needs of their peoples.

Responding to the clamor from the LDC’s, Dr. Kissinger made many
proposals aimed at facilitating technology transfer* during an appearance at
the United Nations Conference on Trade and Development in Nairobi in
May 1976. In addition, he promised support for the United Nations Con-
ference on Science and Technology for Development to be held in 1979.

To begin to implement this promise, the State Department held a prelimi-
nary national meeting on science, technology, and development in mid-
November 1976. Dr. Kissinger told the more than 700 participants that the
United States must have a principal role in helping developing countries to
create their own technologies. He pointed out that, ‘“Those who feel
themselves disadvantaged, unjustly treated, dispossessed, will band togeth-
er, and they will join any other group that is willing to undermine the
existing order. And then international problems will be settled by endless
confrontations, by contests of strength.”’

Dr. Kissinger’s words were eloquent, but they came in response to the
pressures of the moment rather than as a result of thoughtful foresight. At
the meeting, Congressman Zablocki rightly chastised the Department of
State for its belated recognition of the importance of including science and
technology in diplomacy.

On the surface, the best mechanism for transferring technology is through
the multinational companies. They have capital, managerial skill, and know-
how. However, Americau labor organizations object to potential loss of
jobs, and the companies are not attracted by the current attitudes of many
Third World countries. After investing, will the companies be reviled and
their installations expropriated?

But there is a larger question. What current U.S. technology would be
useful to Third World countries for the long term? Much of the U.S.
industrial and distribution system was designed to use abundant low-cost
energy in the form of oil and natural gas. Now some of this technology is
obsolete, and within a decade bulldozers will be knocking down facilities
that were designed to use cheap fuels.

The technologies that most of the world needs are new technologies based
on the indigenous energy and human resources of the respective countries.
Those developing countries such as Brazil that are wise enough to foster
their native scientists and engineers and to develop their own energy
sources will forge ahead.

The State Department should decide whether to place reliance on just
another U.N. conference where the politicians make meaningless speeches
or whether to seek alternate ways of helping the Third World. Is it not more
important to find new ways to meet basic human needs than to stage another
theatrical performance?—PHiLip H. ABELsON and IRENE TINKER, Office of
International Science, AAAS

*N. Wade, Science, 28 May 1976, page 869.
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