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LETTERS
Tagging Technologies
Ruth H. Howes ("Tagging Technologies and Reduction of
Conventional Forces in Europe," January 1990) gives needed
exposure to the important question of tags and seals. But she
does herself and the field a disservice by concluding, "It seems
unlikely that either side would agree to electronic tags that could
be monitored by satellites since these tags might conceivably
provide targeting data or enough information on deployment to
be militarily useful."
I have carefully explained (1) that monitoring electronic tags
by satellite can give important verification that the treaty-limited
item (TLI) is where it is claimed to be, within tens of meters Yet
for reasons both of cost and to prevent the use of this verification
system as a targeting aid, such interrogation would be physically
possible only with the cooperation of the operator of the TLI.
The tag on the TLI would communicate not by radio but by
infrared (like the remote control on your TV) to a relay box
maintained by the host country. The protocol in the arms control
agreement would provide for the host country, on request, to
move such a box to within a few meters of the tag on the TLI, and
to provide power to the relay so that the relay box itself could
communicate by radio with the monitoring satellite, as well as
(by infrared) with the tag on the TLI.
It is thus physically impossible for the electronic tag to provide
any information about the TLI except with the explicit consent
and cooperation of the operator of the TLI.
At least one well-known advocate of non-electronic tags
continues to make statements like the one quoted above. although
he readily concedes that electronic tags would normally be de
signed and used in such a way that there would be absolute
protection against obtaining information other than that volun
tarily revealed. He argues, however. that there is "a perception"
that tags would provide targeting information - reminding me
of the young man whom threw himself on the mercy of the court
as an orphan, having been convicted of murdering his father and
mother.
1. R.L. Garwin, "Tags and Seals for Verification.," Bulletin of
The Council for Arms Control, October 1988 (London).
Richard L. Garwin
IBM Research Division
Thomas J. Watson Research Center
P.O. Box 218
Yorktown Heights, NY 10598
Response:
Since the enormous political changes in eastern Europe continue
to propel us toward a CFE agreement, verification issues must be
debated now. I am grateful to Richard Garwin and Physics and
Society for encouraging this debate.
Garwin correctly points out that it is possible to devise elec
tronic tags with read-out systems that prevent them from providing
information that could be used for targeting. On the other hand,
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the systems used during the read-out and the electronic tags
themselves are technologically fairly complex. While such de
vices might work well for mobile strategic nuclear weapons
systems, where a few hundred weapons manned by elite troops
are fielded under carefully monitored conditions usually in a
limited geographic area, a CFE Treaty would involve tens of
thousands of weapons deployed over an enormous geographic
area and manned by all types of troops who are often less than
careful in handling their weapons.
Even if the electronic tags themselves can be made rugged
enough to survive field deployment, including not only the hazards
of weather and rugged terrain but also the harsh chemicals used
to decontaminate equipment during training with chemical weapons,
supplying portable reading devices to remote posts in all weather
conditions may prove difficult. In order to obtain a reading for
verification. each treaty party is dependent on the technological
skill of a nation being inspected and manning the reader. Each
nation must provide its own satellite receiver orrely on that of its
allies. Particularly in view of the recent rapid political changes
in Europe. it seems unlikely to me that participants in a treaty
likely to involve 23 nations would agree to such a complex and
potentially expensive scenario.
Life-cycle costs of a complete satellite system consisting of
2-3 satellites with one or two ground stations and operating costs
and expenses would be $150 to $200 million annually (1). Data
on detailed costs vary widely, but this number can be compared
to the $50 million annual budget of the On-Site Inspection
Agency which verifies the INF Treaty. Included in the budget
are expenses for training, equipping and fielding inspection teams,
support personnel, escorts for Soviet inspectors on U.S. territory
and the cost of stationing personnel at the permanent monitoring
station at Votkinsk. Rule of thumb costs are $60,000 to field a
ten person inspection team for two weeks in the field and $0.5
million annually per inspector stationed at a permanent monitoring
station or Soviet territory.
These rough budget numbers and consideration of field con
ditions for verifying limitations on conventional weapons dem
onstrate the advantages of keeping verification technology as
simple as possible. Tags like intrinsic surface fingerprints can be
applied by troops in the field, will require a minimum number of
on-site inspections and promise the durability needed for a long
term treaty regime. Verification technology should be subject to
the KISS rule used in planning military operations: Keep It
Simple Stupid.
1. Hans GUnter Brauch, editor, Verification and Arms Control
Implications for European Security: The Results of the
Sixth International AFES-PRESS Conference, Part I, p. 42
(APES-PRESS, Mossbach. 1990).
RuthH.Howes
Department ofPhysics
Universiti Kebangsaan Malaysia
Bangi43600
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ARTICLES
Forum Award Lecture: Comparing Risks-A Hazardous Undertaking
Richard Wilson
{Editor's note: Richard Wilson is winner of the 1990 Forum
Award for promoting public understanding of the relation of
physics to society. His citation is given in the April 1990 issue.
The following paper is based on his lecture at the Forum Awards
session held 16 April 1990 at the Washington DC APS meeting.
He is Mallinckrodt Professor of Physics at the Department of
Physics and the Lyman Laboratory of Physics, Harvard Univer
sity, Cambridge, Massachusetts 02138. For the award banquet,
Barbara Levi, past Forum Chair and our resident poe~ wrote a
limerick "About Richard Wilson and Risk Assessment":
In pollution the world seems to wallow.
Dick gives us a guide we can follow.
What risk, do you think,
In water we drink?
For some, it is too much to SWallow.]
Understanding problems of the environment, and particularly
those associated with energy consumption, involves an under
standing of numerical magnitudes. Physical scientists, physi
cists and chemists, develop this understanding automatically as
a result of their work. Many people, including many scientists in
the biological and medical fields, do not.
My involvement with explaining the risks and dangers of life
to people began about earth day 20 years ago when I was asked
some questions by undergraduate students. They were eager to
get my help in understanding the problems of nuclear energy, and
thought that I as a nuclear physicist was an ideal man to help
them. It did not take long for me to realize that the problems, and
even the issues ofnuclear energy are very little to do with nuclear
physics: the problems are of engineering, and of perception.

These studies confirmed what
the industry had badly presented:
that nuclear power produces
fewer fatalities than most other
electricity generating schemes.
Nevertheless, they are amenable to calculation and analysis.
For me a nuclear reactor had been a source of neutrons and
isotopes for experiments. I had to learn about the nuclear power
industry from scratch. I was, and still am, disappointed with
their advertising. The public, and the technology, deserve better.
In 1970, the claim that no one in the public had been killed as
a result of radiation from a licensed nuclear facility worried me.
lt would be incorrect if cancers produced by low levels of
radiation were included according to a linear dose response
relation. It was not relevant for comparison purposes, because
much less electricity had been generated from nuclear power
than from other sources of energy. I therefore produced, in a
letter to Physics Today, my own table of deaths including those
calculated but not directly observed, from producing electricity
from all sources, divided by the amount of electricity produced
(Table 1). Thus one can find a more relevant measure - deaths
per kilowatt hour. I was helped in this undertaking by the fact
PHYSICS AND SOCIETY, Vol. 19. No.4, October 1991"

that I was born and brought up in London and every November
we had the notorious London fogs which not only affected
visibility, and had obvious effects on those with respiratory
ailments, but also in many ways made life less pleasant.

Table 1. Deaths per kilowatt hour In USA
(based on 1965 figures)'"
Coal mining
black lung disease
accidents
Petroleum refining
oil-well accidents
Uranium mining cancers
no breeder
breeder
Uranium processing, fuel fabrication.
accidents (estimate)
no breeder
breeder
Coal/gas/oil air-pollution deaths
Radiation cancers, normal operation
(0.1 mr/yr at year 2000) of reactors
and processing plants
Potential reactor accidents (1 per 30 years of
WASH 740 severity by year 2000)
direct deaths
possible extra cancer deaths
Gas main explosions:
Gas poisoning:
Dam failures (1 per 50 years as in
Vaiont, Italy):

10-9
6 X 10-11

7

X

10- 12

1.5 X lO- n
7 X 10- 14
2 X lO- n
2 X 10- 13
3 X 10-'

3 X 10- 13
3 X 10- 11
3 X 10-11
3 X 10- 12
6

X

10- 12

6

X

10-10

"'Reprinted from Physics Today, Vol. 25, p. 73 (1972).
Not everyone liked this comparison. According to one of my
spies, the President of Boston Edison company told a staff
meeting that I was "an intervenor type" and a pain in the neck!
Presumably because I referred at that time to "the conspiracy to
whitewash coal" in which the Sierra Club have for the last 15
years supported the burning of coal by the utility industry. I wish
that he had put his complaint in writing. I would use it as a letter
of recommendation.
This crude risk comparison stimulated others, in particular
Dr. Leonard Hamilton of Brookhaven National Laboratory, who
is a physician, also born in England, and unusual in that he has
a clear understanding of quantitative magnitudes. These studies,
done for the DOE, and other similar studies in France, UK, and
Italy, confirmed what the industry had badly presented: that
nuclear power produces fewer fatalities than most other electricity
generating schemes.
Such studies led naturally to wondering why this point seems
so hard for most members of the public to believe, understand
and accept. One reason, most analysts surmise, is that when
something goes wrong with nuclear energy many people are
affected by one accident, as for example in the Ukraine after
Chernobyl. But that is not the whole reason. Hundreds of people
3

have died in single aircraft accidents, as for example in the
Azores where two loaded passenger jets collided on the ground.
No one has even suggested banning airplane travel. Hundreds of
people have been killed in single failures of hydroelectric dams;
yet I have heard no clarion call for emptying all reservoirs.
Therefore a simple comparison of risks, even if weighted by the
number ofpeople involved in a single accident, while instructive,
does not enable us to decide on public acceptance.
In 1976 I added chemical risks to my repertoire. This was in
response to a request of a former Harvard student working as VP
of Air Products. In 1977 Donald Kennedy, then administrator of
FDA and now President of Stanford, got into trouble by proposing
to ban saccharin. Table 2 shows the risks of a number of
chemical additives before him at that time.
Table 2. Food and drug administration Issues of 1977:
Cancerslyr (my calculation)

Aflatoxin Bl
Saccharin
2,4,DAA (hair dye coupler)
drunk
on hair (before measure)
on hair (in 1988)
Vinyl Chloride plastic bottles
Lead Acetate

3000
500

6
1/30
1/1000
less than 1/1 00
1/100

Of these, the Environmental Defense Fund was concerned
abouthairdyes; both the 2,4,DAA (Clairol Hairdye coupler), and
Combe, Inc's lead acetate (Grecian formula). The table shows
that these give smaller calculated effects on health than saccharin.
How could a good scientist even listen to EDF if he did not
propose to ban saccharin?
My comparison of risks seems to have convinced some people
that I was in the pay of a wicked nuclear power industry. I
received several anonymous letters enclosing articles by some of
the more virulent, and less quantitative opponents of nuclear
power. Yet at that time I had even insisted on paying for my own
coffee from the cafeteria at a power station. Although troubling,
those letters and phone calls convinced me that someone was
listening to and reading what I said, a conviction that I have not
always had in high energy physics. So I continued.
About this time also I wrote an article, "The Daily Risks of
Life," explaining how we take risks every moment of our lives,
and how we might, if we so chose, express our decisions quan
titatively. Of course we do not usually so choose! It took me a
year to get this article published. No one wanted it. The Harvard
Business Review thought that I was playing a joke on them. But
Technology Review, of MIT, accepted it. Within two weeks the
dam had burst. It was reprinted in the Chicago Tribune, Honolulu
Advertiser, Miami Gazette, and the San Francisco Chronicle.
The article included a table of risks (Table 3) which included a
risk of drinking water.
When a reader asked the chief engineer of the Miami water
supply what he thought of my number (calculated for the risk of
chloroform in the drinking water) of the risks of drinking Miami
water, he replied that the risk is small compared to the risk to
Professor Wilson if he ever gets his hands on me! Regretfully,
I have never met him, although if I did I would watch his hands
as closely as someone in a western movie watches the hands of
a gunfighter in a saloon.
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Table 3. Risks which Increase the chance of death by 0.000001*

Smoking 1.4 cigarettes
Drinking 1/2 ltr of wine
Spending 1 hr in a coal mine
Spending 3 hr in a coal mine
Living 2 days in New York or
Boston
Traveling 6 min by canoe
Traveling 10 mi by bicycle
Traveling 30 mi by car
Flying 1000 mi by jet
Flying 6000 mi by jet
Living 2 mos in Denver
Living 2 mos in stone or brick bldg
Chest x-ray taken in a good hospital
Living 2 mos with a cigarette
smoker
Eating 40 tblspns peanut butter
Drinking Miami drinking
water for 1 yr
Drinking 30 12 oz. cans diet soda
Living 5 yrs at site boundary of
nuel power plant in the open
Drinking 1000 24 oz. soft
drinks from recently
banned plastic bottles
Living 20 yrs near PVC plant
Living 150 yrs within
20 miles of nuclear
power plant
Eating 100 charcoal broiled steaks
Risk of accident by living 5 miles
of nuclear reactor for 50 yrs

Cancer. heart disease
Cirrhosis of the liver
Black lung disease
Accident
Air pollution
Accident
Accident
Accident
Accident
Cancer from cosmic rad
Cancer from cosmic rad
Cancer from nat rad
Cancer from rad
Cancer and heart disease
Liver cancer from
aflatoxin B
Cancer from chloroform
Cancer from saccharin
Cancer from rad
Cancer from acrylonitrile
monomer
Cancer from vinyl chloride
Cancer from rad

Cancer from benzopyrene
Cancer from rad

,.. 1 part in I million
A San Francisco Chronicle reporter was told to interview me
about the article by phone. He tracked me down in a Leningrad
hotel. I had to explain the whole list of risks. When I got to
Aflatoxin B 1 in peanut butter the phone went dead. Presumably
the person who was listening in on our conversation thought that
we were talking in coder
A whole industry of "risk communication" has grown up over
the last 10 years to discuss this question of public acceptance.
While I agree with much that they say, I reject the idea that public
perception of a risk is more important than the actual magnitude
of the risk. The public is diverse; the perceptions can change
rapidly, both in space and in time in the same way that the
political background of eastern Europe has changed in the last 12
months. The risk itself stays the same. Of course we do not
know the risk itself; all we know is the perception of that risk by
an expert. When we state it this way, a part of the problem
becomes apparent. There is an anti-scientific feeling around, as
Gerald Holton discusses elsewhere in this meeting. Some people
reject experts; and what they say.
I have been repeatedly misquoted by risk communication
experts: by Ellen Silberoeld, by Paul Slovic, by Barry Fischoff
and by Vincent Covello. Each of these has claimed that I say that
everyone ought to make their decisions based solely on the
magnitude of the risks. I have never said that; and I do not
believe it. What I have said is that a comparison can be a useful
part of the decision process. It can also help in understanding. A
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comparison can stimulate a person to come forward and say what
concerns them. Sometimes that has been disconcerting.
I did not realize it at first, but now I am sure that there are a
large number of people who do not want the public to know the
truth, or at least believe that they would not understand it. They
are not all industry leaders. Some are labor leaders, politicians,
or environmentalists. Some are in the EPA. I have had a 10 year
argument with the EPA about drinking water. We have to
chlorinate our water to get rid of bacteria, otherwise we would
have the same high typhoid rate as we had in the last century.
The chlorine interacts with any organic matter to produce chlo
roform. Chloroform produces liver tumors in mice and kidney
tumors in rats.
We use a lot of chlorinated solvents in domestic and industrial
applications. One of them, trichloroethylene (TCE), produces
liver tumors in mice. In Table 4 I show that chloroform is clearly
worse than trichloroethylene. We do not have to calculate the
full risk to show this, but I merely note that it takes 20 times as
much weight of trichloroethylene to produce liver tumors in mice
as it does chloroform. Surely therefore, chloroform is more
closely regulated than trichloroethylene? No. 20 times more
chloroform is allowed (by EPA standards) in drinking water, for
a total difference in risk level at the standard of 400 (based on a
linear dose response relationship).
Table 4. Risks of chloroform and trichloroethylene

Toxicity LD50 (mg/kg)
Carcinogenic potency
(mg/kg day)
Rat
Mouse
EPA Limit

Trichloroethylene
5000

Chloroform
500

2.5 X 10- 3 (kidney)
1.1 x 10-2 (liver)
100

Not significant
7.3 x 10-4
5

Possible reasons are obvious. We can reduce TCE if we wish
and it is the wicked industry that has to bear the cost. It is much
harder to have a viable, pure water supply without chlorination.
These reasons are honorable; but the EPA has been reluctant to
admit them. Worse still, public health officials do not know the
facts, and following only what they hear from EPA give inap
propriate advice to people. There are at least three documented
cases where a person has been consuming well water at twice the
EPA standard and has been advised to switch to treated city water
with chloroform at 1/2 the EPA standard. Stated this way, the
advice sounds good. But when risks are compared we see that
they were being advised to increase their risk 100 fold.
We can make a similar comparison of aflatoxin in peanut
butter and accidental contamination of soil by 2,3,7,8 dibenzo-o
dioxin (or just dioxin). The two chemicals give similar numbers
of tumors in rats and mice at similar absolute levels. Aflatoxin

is a mutagen whereas TCDD is not. Yet the FDA only regulate
dioxin in peanut butter above 20 ppb, and the center for disease
control calls 1 ppb in soil "a source of concern."
These studies are simple, but time consuming. when explain
ing things to the press one has to know ones' facts, however
trivial. That means work. They are also expensive. I counted
over 130 cases where some newsman called me soon after
Chernobyl. They wanted to know all of physics in an hour: all
of nuclear engineering in another 1/2 hour, and all of medicine
in 15 minutes more. In many cases I had to return phone calls
from airports while changing planes. I calculated that I spent
over $500 of my own money in so doing.
I talked to one agitated lady from Ohio. "My daughter is
going to Europe for a vacation. Should she fly through that
radiative cloud?" Comparisons are here of limited help. Of
course you get a higher radiation exposure by flying at 30,000
feet, and Table 1 suggests that aircrews have a high occupational
exposure. Moreover detailed calculation shows that, as a group,
they are the highest exposed of any radiation workers (although
they are not so classified). But that is not calming.
Nor do people understand the inverse square law. "The only
plane that I do not want to be on is the helicopter hovering over
the plant and dropping lead and sand," I said, with no effect.
"You must understand that I am talking as a mother" she
persisted.
"You are not unique: there are roughly a billion of you," I
replied!
Some people like what I say. I have had thanks from several
secretaries of DOE. But such thanks merely get me on another
unpaid hard-working advisory committee. The thanks do not
affect staff further down. When I ask for my research funds in
high energy physics I have been told more than once that I do not
need them; I am spreading myself too thin by my work on risks.
Fortunately in the last few years, it is not always that way. I have
found that lawyers pay for the advice you give them, and a
lawyers' rate of pay is higher than that of most physicists.
Over the last 10 years I have had the excellent help in much
of this work from several collaborators. I want to particularly
single out Dr. E. A. C. Crouch and Dr. Lauren Zeise. They have
helped me to sharpen my understanding and ensure that the risk
assessments stand up to scrutiny. This award is partially owed
to them and many other collaborators. I give them my thanks.
I will now come to the worst hazard of comparing risks:
boring ones friends and family. All scientists get consumed by
what they are doing, and get particularly concerned by politicians
and others who seem to delight in ignoring the truth. I tend to
talk about it at all moments. My wife has borne all this with her
usual patience for 20 years. She is after all, the daughter of a
physicist and her sister married a physicist. I see her in the
audience. Therefore at this time I will stop and I will bore her
and you, no longer. I thank you and the APS for paying attention.

Israeli Ballistic Missile Capabilities
Steve Fetter
[This article appeared in the July 1990 issue. Unfortunately, a
computer mistake rendered many in-text mathematical symbols
unrecognizable. I apologize. Herein, we try again! -Editor]
In a class I teach on Science and National Security, I came
across a good example of how to apply a knowledge of basic
physics to an important public policy problem - the prolifera
tion of ballistic missile technology. On 19 September 1988, and
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again on 3 April 1990, Israel launched a satellite. The example
given below shows how one can calculate, from knowledge of
the satellite's orbital parameters, the payload that the same rocket
could deliver at a given range if it was used as a ballistic missile.

The author is at the School of Public Affairs. University of
Maryland. College Park. MD 20742.
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