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ABSTRACT. The ethical principles applicable to the use of technology are 
discussed in the area of radiation and its possible biological effects. 
The rapid spread of X-rays is contrasted with the slow evolution of 
radiological protection. The Philosophy of Risk is analyzed in its 
application to scgnents of the population unwilling to accept risks.Fin&lly, 
the duty of the scientific community to inform and educate the public is 
contrasted with its past failures. 

RESUHO. Os princípios éticos aplicáveis ao uso de tecnologia estão discutidos 
no caso do problema de radiações e possíveis efeitos biológicos. A difusão 
rápida de raios-X está em contraste com a evolução vagarosa da proteção 
radiolõgica. A Filosofia de_Risco está Incutida especialmente com relação 
a grupos de população que não querem «...eitar riscos. Finalmente, discute-se 
o dever da comunidade científica de informar e educar o povo a respeito de 
radiações, em contraste com a omissão da geração passada. 
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Science itself is not related to Ethics, since it 

is concerned only with knowing, not with doing or making. 

Nevertheless, since science is the basis of technology, the 

scientist should be concerned from the beginning with the 

ethical uses of that technology he has launched. 

Rather than speak in generalities, I should prefer 

to limit myself to one field in which I have some professional 

competence, radiation and its biological effects. For the 

ethical aspects and problems are representative enough of all 

other technologies. 

The field is unusual for a number of reasons: the 

rapid spread of the use of radiation, and the slow development 

of protection norms; the evolution of the Philosophy of Risk; 

and the sad failure of the scientists of this generation to 

educate the public on radiation risks and benefits. 

The news of Roentgen's discovery of X-rays spread 

with remarkable speed. The discovery took place on Nov.7,1895. 

He took an X-ray of his wife's hand on Dec.22, and sent his 

paper off for publication on Dec.28. By Jan.1,1896 he sent off 

reprints to fellow scientists. Thus, on February 3 of that year 

the first diagnostic X-ray was made of the broken arm of Eddie 

McCarty In Dartmouth, Vermount. On January 27 of that year 

Thomas Edison reassembled his research team of Kenelly and Dally 

to develope the technology. Within a year Kenelly developed skin 

burns which later turned to cancer. By 1902,200 cases of 

radiation damage had been reported. 

It is strange that 30 years were to pass before a 

satisfactory unit of radiation energy could be formulated; 
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stranger still, it look the same time to agree on norms of 

radiation protection. 

It is to the everlasting credit of certain pioncera. 

of the decade 1925-1935 that they conceived radiation units 

and protection norms that served as a basis for the nuclear 

industry that grew in the 40's. In the ensuing 50 years the , 

radiologists have been the people most consistently exposed, 

and there has been no evidence cf any significant biological 

damage to them. 

While these men were mainly radiologists and were 

concerned with their own lives, they were also embued with 

ethical concerns for the sanctity of life. They developed what 

was called the Philosophy of Risk. Every growth in civilization. 

every technological advance brings with it certain dangers, and 

we must balance the good and the bad effects. 

It is really derived from the traditional principle 

of the double effect which reached its most exact expression 

with the 1 7 — century Suarez. When may a man perform an action 

which has both a good and a bad effect? He may do it ethically 

when he does not intend the bad effect or when the bad effect 

is not a means to the good. And the bad effect should not be of 

a higher moral value, in balancing the good and the bad, the 

good should outweigh the bad. 

Traditionally, the bad effect was thought of as 

something in the concrete. Risk, however, is not a bad effect, 

but rather the probability of the bad effect happening. No one 

would accept cancer and death as the price of radiation benefit?, 

but might accept the chance of one in a million. Almost everyone 
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has at one time run across a busy street knowing that so many 

accidents occur per million pedestrians per day. 

This leads us to our first ethical question. On what 

basis do we formulate safety norms that are presented to the 

public? In this area, research proceeds on thrte levels. First, 

some scientists research fundamental radiation mechanisms: Di7A 

breakage and enzyme repair. Others work on cell cultures, and 

publish dose-response curves. But the realistic basis for 

radiation protection has been the history of human populations 

that have been exposed in the past eighty years. The case of the 

radium dial painters in the 20's is known to all. From them we 

derive the permissible concentration of radionuclides in bene. 

In such population studies there are two parameters: 

cause and effect. The dosimetric study registers the radiation 

energy'absorbed; the epidemiological study reveals the frequency 

of a biological effect. Both are quite sophisticated studies in 

probability. An added complication is that there is no specific 

biological effect of radiation. We often think of cancer as a 

typical radiation effect. Cancer, however, occurs in some 20% 

of the human population, and this average varies from city to 

city, and country to country. In an epidemiological study, than, 

we are trying to see a small increase in a fluctuating average. 

And this is not easy. 

Ethics requires that the demanding scientific norms in 

these studies be respected, before any cause-effect relation can 

be announced in the field of radiation. It is my opinion that 

some recent studies in the United States conducted near atom 

bomb test sites or near reactors have been faulty in method, and 
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therefore are unethical. A scientist is as prone as anyone to 

the lure of publicity, and it is too easy to gain publicity by 

crying havoc. 

Let me now speak briefly of some difficulties, as I 

see them, in the application of the Philosophy of Risk in the 

case of an unwilling individual. 

In the past it was too common for men to want to 

impose their own religious and political views on others. 

Generally, if they had the power the did try to impose on 

others. The nineteenth century saw the spread of the notion 

of toleration. At best, the word seems pale and weak to our 

ears; at worst, it could mean that beliefs are not important 

anyhow. 

In our own century we have come to realize that 

legislation on religion or matters of conscience is beyond the 

competence of the state. We now recognize the sanctity of the 

individual conscience. If we do not go as far as Brazilian 

positivism that opposed vacination at the beginning of this 

century, we are more perceptive of the freedom, the impenetrability, 

the untouchability of the individual human conscience. It was on 

this ground that the Second Vatican Council approved its decree 

on Religious Freedom. 

This respect for the individual conscience coroes up 

in the case of unwilling minorities. When can a majority impose 

a technology on a minority unwilling to accept the risks? Every 

technological advance brings with it an element of risk,although 

only the radiation industry has focused on this. In the case of 

a man who buys a car, the benefits go mainly to the motorist; 
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the risks are disproportionately high for the pedestrian. In 

this case who should perform the risk-benefit analysis? 

In the case of nuclear power, the risks will, in 

general, be for everyone. All will share them. Of course, th* 

rich will always consume more energy with automobiles, planes 

and the trappings of a good life. 

Undoubtedly, there are times when the protest 

movements can mobilize a majority. There was the case in the 

United States against the supersonic Concorde. People demanded 

to know why millions had to submit to sound damage to their 

ears just to permit a few dozen super-rich people fly the 

Atlantic faster. It was the case of a technology unacceptable 

to the majority. 

Any case of conflicting views over public issues 

should be solved in the light of the common good. This ancient 

phrase, however, has been used all too often recently as if the 

common good were some view of the whole as seen by some elite 

to which individual rights are to be sacrificed. In any democratic 

society we should understand the common good as the greater good 

of the greater number.Still, this pragmatic norm for achieving 

the common good is not necessarily universal. 

In central-northern Brazil, for example, two 

irreconcilable cultures co-exist, neither of which is capable 

of accepting the values of the other. To a poor squatter, land 

is the only thing that gives security, and he wanders in search 

of it. The Indian has no notion of private property. Drawing a 

line between the two cultures, or "demarking", might seem a 

solution, but will never end the tension. The poor squatter will 
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look across the line and see untilled land. The Indian,will 

look across and see where his ancestor wandered. In this 

extreme case of irreconcilable cultures, the democratic principle 

of the greater number is simply irrelevant. 

In the case of groups living in the same industrial 

society and accepting the benefits of technology, I see no other 

solution than the pragmatic principle of the greater good of the 

greater number. Some might protest against the rapid advances of 

technology. But if they ride upstairs in elevators, drive around 

in cars, and fly jet planes they accept in principle technology 

and its risks. It is not a question of irreconcilable cultures. 

Let me now ask the same question in the international 

context. During the decade of the 50's, the United States, 

England, and the Soviet Union engaged in a wide scale program 

of atom bomb testing in the atmosphere. Viewing world events 

through certain prisms, each of these powers decided that world 

peace depended on its own superiority in atomic weapons. Viewed 

in that light, each decided that the benefit of world peace 

justified atom bomb fallout over all countries. 

Other nations, including Brazil, did not look at these 

same world events through the same prism. Certain risks were 

imposed on Brazil because of a political analysis with which 

Brazil did not agree. Personally, while I may not,ad^it that 

radiation, at the low level of fallout, can produce effects, 

this does not change the principle. Gradually, public opinion 

and moral indignation imposed a prohibition on tests in the 

atmosphere. Only Prance and China ignore this test Ban. 

While speaking of the international scene. Let me 
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ask the further question: who evaluates the benefits and risks? 

Is there a danger of one country imposing its risk estimates 

on others? 

In the United States this philosophy has undergone 

an evolution. With the Philosophy of Risk, or the principle 

of the double effect, the original implication was that, after 

weighing the benefits against the risks, a moral judgment would 

be made to accept or not. It was a qualitative estimate: would 

a prudent man accept this risk to gain this benefit? In the 

United States this philosophy has undergone change towards the 

more rigorous. The moral estimate of balancing benefits and 

risks has given way to a preoccupation with risk alone. They 

have moved from a "reasonable risk" to a "least possible risk" 

and even to a "zero risk." They speak of the cost estimate of 

risk lowering, and this leads to the dollar value of life. 

Americans have built a billion dollar industry, nuclear power. 

Beside it, they have built another billion dollar industry,that 

of protection and protest. Perhaps other countries cannot afford 

that. 

We are all aware of differences of opinion between the 

American and Brazilian governments over the letter's nuclear 

power treaty with Germany. Even while respecting the sensitivities 

of national sovreignty, we may all have a justifiable concern 

over the multiplication of isotope enriching and spent fuel 

reprocessing facilities. It was in such a reprocessing plant 

that India recently made its own atom bomb. Many are convinced, 

nevertheless, that these problems will be solved before the end 

of the century with these facilities being put under the control 
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of the International Atomic Energy Agency. 

It is not with these differences that I an concerned, 

but something more subtle. Americans with whom I speak want to 

know if it is safe for Brazil to have so many reactors, as if 

Americans were to decide if Brazil should have them. I always 

reply that Brazil has-very good experts on safety and environmsital 

control, and this is true. What I do not tell them is that 

Nuclebras has a pitifully low budget for safety, and that, while 

'the experts are good, there are few of them. 

Ky fear is that the bigger countries, like the United 

States, may try to impose their own benefit-risk analysis on 

Brazil. The idea is tnat, if Brazil does not measure up to thr 

safety image held in the united States, they should not have 

nuclear power. I think it clear that a poor country has a right 

to risk more for its own economic development. 

Let me now talk of my final point, the ethical 

obligation of the scientific community to inform and educate the 

general public. If we pay more than lip service to the ideals of 

democracy, we have to adroit that it is the people who must decide, 

on the question of nuclear power. Expects have their place, but 

it is the people who run the risks. 

If the nuclear industry was the first to present its 

technology to the public, emphasizing all the elements of risk, 

this was because there was no choice. It came to the world 

attention in the form of atom bombs. The task of explaining both 

benefits and risks to the people was the task of the physicists 

since 1945. In this duty they have failed miserably. 

There have been two difficulties: the media experts, 
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and the difficulty of transmitting the ideas. It is not easy 

for the scientist to communicate directly with the public.He 

might do well in the classroom, but he lacks the sophistication 

of the media. 

The media experts have acted as a filter to the 

scientists' message, and have distorted it. The experts will 

tell him what the public wants to hear, and what it should be 

told. The sensational will be emphasized at the expense of the 

-commonplace and reasonable. What might happen, becomes more 

important than what does happen. They have created what I call 

"science in the subjunctive mood." 

We have behind us now eighty years of radiation 

history. We have fifty years of experience of working with 

radiation protection. It is in the past indicative mood of this 

human history that we should seek the wisdom we need, not in 

the subjunctive mood of what might happen. 

Por example, there are some 1800 with permanent body 

burdens of radium in their bones, and these include the luminous 

watch dial painters from the 20's. Then there are the atom bomb 

survivers of Hiroshima and Nagasaki. There are uranium mine 

workers. Here in our own country we have the steady population 

of the city of Guarapari in the monazite sand zone of Espirito 

Santo. 

It is in the study of such cases as these that we 

find what radiation dose produces, for example, cancer, and 

what does not. We know that of the radium dial painters and 

others with radiuin in bones approzimately 100 died of cancer, 

but 1700 did not. Those who died of cancer can tell us something 
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important about radium. Perhaps those who did not Might also 

tell us soaething important. 

Besides the inperneability of the news media,however, 

there is the added difficulty of Lommunicating the subject 

matter. How can you tell the public what it should know about 

a radiation beam, when the units of absorbed radiation are so 

in tangible, and necessarily so. when we think of ordinary 

physics we can use our imagination. Think of a meter, and you 

picture a giant step; of a kilogram, and you feél the weight 

of a book; of a second, and you count slowly. These are tangible. 

The units and the concepts of radiation are different, the 

roentgen, rem, rad, and the new sievert and gray. Like radiation 

itself they are colorless, odorless, tasteless, intangible and 

impalpable. How does one explain the cause-effect relation when 

the units of the cause, the dose, are so unknown? 

These are difficulties, the media and the units. But 

if scientists had been really sincere in fulfilling their 

ethical duty to inform and educate public opinion, they would 

have found a way to break through. I recall only too well the 

painful case of the Brazilian Society for the Progress of 

Science. In a meeting not too long ago they discussed nuclear 

power and energy programs. They were only interested in being 

heard by the governfesnt, not in educating the people. They felt 

they should be heard because they are an elite. For them 

democracy begins from their level up. 

Let me conclude this paper by telling you two stories. 

They are intended to show how the minds of the public have been 

conditioned by the press in an unrealistic way. 



12 

In my course in Radiological Physics I discuss the 

interaction of radiation with the DNA molecule and the genetic 

effects. Every student has already been conditioned by the 

media to imagine the worst. So, when I mention the atom bomb 

Burvivers of Hiroshima and Nagasaki, I invariably get the push

button reaction: there must have been a lot of deformed children 

and monsters born there. Weary of this science-in-the-subjunctive 

I ask them to look into the reports of the Atom Bomb Casualty 

Commisiion and the United Nations Scientic Committee. Any genetic 

damaço would first show up in the item infant mortality. The U.K. 

Report on that score states: "Analysis of the data has shown tha': 

no significant effects of parental exposure on chilhood mortality 

can be demonstrated." In other words, during the generation that 

has passed, or 35 years, they have not been able to find genetic 

effects due to radiation among the atom bomb survive». 

The second story I wanv to tell you is the disaster in 

the reactor at Three Mile Island. Without a doubt, there was an 

economic disaster: to repair it they will have to spend between 

one half and one billion dollars. But the hub of the question 

1st to what danger was the population subject? What was the 

radiation dose to the people in those cities? Public opinion 

had already been conditioned by terror stories and the movie 

"China Syndrome." 

To answer that question, you have to fasten on the 

key radioisotope, in this case krypton-85. This krypton wao 

trapped in the tower and was released before certain repairs 

could be made. Now, krypton is an <nert gas and cannot be 

absorbed by any organic system. The radiation dose is external. 
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If emits a weak beta ray, and so the target tissue is the 

skin. The possible biological effect, then, would be skin 

cancer. What natural radiation agent acts upon the skin ano 

can cause skin cancer? Obviously, the sun. Nov/ we ask the 

final question. When all the krypton trapped in the tower was 

released, what dose did it give to the two million people in 

the vicinity, and what amount of solar radiation would give the 

equivalent dose? 

The answer will probably shock you. When they released 

the krypton from the towers they exposed the people to a dose 

equivalent to the sun's rays at noon - for a period of two 

minutes. 

If you were surprised or shocked at these stories it 

is a clear proof that the scientific community has fai.led in its 

ethical duty to inform and educate the public. 

In conclusion, I should like to reply to a common 

misunderstanding that a stricter ethical attitude is needed 

because the lives of men are at stake. This strict attitude is 

to be applied, it is true, in the estimate of possible damage 

at low levels of radiation, and not in the prudential estimate 

of risk-benefits. 

There is an ancient Roman legal principle: Lex dubia 

non rbliqat, "A doubtful law does not oblige." If a law is to 

impose an obligation, there must be no question of its meaning 

or its application. If, for example, a law obliges all adults 

to a task, without defining adult as an 18 or a 21 years old, 

the law would only probably touch a 19 years old. Therefore 

there would be no obligation for him. 
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Jesuits applied this legal principle to morality, 

and were often accused of laxity. Yet all Jesuits claimed 

that this principle of "probabalism" must not be applied in 

two areas: the matter of the sacraments, and in the question 

of human life. Here, all agrea we must follow the tutior par3, 

the safer way. 

How does this apply to our question? In estimating 

the probability of damage at low doses. In this area there are 

no experimental data, only opinions. Some prefer try to 

extrapolate from high dose effects by a straight line through 

zero, with no threshold. Others think that data suggest a 

quadratic curve approaching zero. Lately there has been talk 

that radiation, at the level of natural radiation, is necessary 

for life, and variations about this level are not harmful.This 

latter view is not without some appeal. 

Still, the respect for human life obliges me to take 

t h e tutior pars, the safer way. I will accept as norm the 

stricter model that emphasizes the harm: the linear model with 

no threshold. 

Once the risks have been estimated, however, we 

follow the prudent, not the stricter course. We make a prudential 

judgment in balancing risks and benefits. Risk is part of life 

and of everything we do. We can never eliminate risk. We know 

how many die climbing mountains or crossing streams. Still, 

the song urges us in life to "Climb every mountain, cross every 

stream." 


