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INTERNATIONAL CONFERENCE ON OCEAN
POLLUTION

MONDAY, OCTOBER If. 1971

UNITED STATES SENATE,
COMMITTEE ON COMMERCE, 

SUBCOMMITTEE ON OCEANS AND ATMOSPHERE,
Washington, D.O.

The subcommittee met, at 10:00 a.m., in Koom 318, New Senate 
Office Building, Hon. Ernest F. Rollings (chairman of the subcom 
mittee) presiding.

Present: Senators Hollings, Baker, Cook and Stevens. 
Also present: Congressmen Alton Lennon, John D. Dingell, and 

George E. Shipley.

OPENING STATEMENT BY SENATOR HOLLINGS

Senator ROLLINGS. Good morning. I am very pleased to welcome you 
to the first session of the International Conference on Ocean Pollution, 
convened by the Committee on Commerce.

We are delighted, of course, to have our distinguished members of 
the committee, Senator Stevens and Senator Cook, and later in the 
day, Senator Spong will be along. And we are particularly pleased 
to have Congressman Shipley with us, of the Appropriations Com 
mittee, and the former Chairman of the American Oceanic Organiza 
tion.

I hope also Congressman Lennon, the Chairman of the Oceano 
graphy Subcommittee on the House side, and Congressman Dingell 
of the Fisheries and Wildlife Conservation Subcommittee, will be 
along.

Before we introduce our first speaker, T want to extend a special 
welcome to the members of the Diplomatic Corps who have shown 
the concern to be with us today, especially Ambassador Arguelles of 
Spain, Ambassador Botha of "South Africa, Ambassador Galvez of 
Honduras, Ambassador McComie of Barbados, and the acting Ambas 
sador of Portugal, Charge d'Affaires Matias.

We welcome these gentlemen and other representatives of other 
governments, because we are confident that whatever we do here in the 
United States will have no effect whatever on the pollution of the 
oceans unless similar action is taken by the world community.

As we start this first of a series of sessions on ocean pollution, it 
is appropriate to ask why are we really concerned about ocean pol 
lution? There are over 145 million square miles of ocean surface.

Staff member assigned to these hearings: John Hussey.
(1)



Seemingly this vast body of water could act as an excellent sink to 
absorb the wastes that mankind generates.

We now know clearly that the oceans cannot absorb all of man's 
waste. The heavy metals, the oils, the chemical and biological war 
fare agents, industrial and municipal wastes, not only affect man's 
health but they also have a profound impact on the fish, marine mam 
mals, birds, and plant life that inhabit the sea.

In the United States alone it is estimated by the Bureau of Solid 
Waste Management—now the Environmental Protection Agency— 
that we dispose of 365 million tons of wastes annually. Forty-eight 
million tons were estimated by the Council on Environmental Qual 
ity to have been dumped in the sea in 1968. Of course, that figure is 
much larger now. Over 1 million metric tons of oil reach the sea 
just in the course of transportation by tanker annually. And this 
does not take into account the oil from the crankcase of your and 
my automobile when it is changed at the service station, from re 
fineries, submarine oil wells, and airborne hydrocarbons from auto 
mobiles, factories and home furnaces and the like.

Gentlemen, we are convinced that a crisis is at hand, that it is a 
crisis that not only concerns the quality of pollutants that we are put 
ting into the world's oceans and the devastating effects, but it is also 
a crisis of inattention, incomprehension, and inactivity. Appropri 
ate solutions to ocean pollution can be found at the local, national, 
and international levels. But where can we find the people's atten 
tion? If the world's great oceans die, then man will die.

We are fortunate to have with us today four men eminently quali 
fied to discuss the problem of ocean pollution from a broad viewpoint. 
Captain Jacques Cousteau has traveled all the way from France to 
be with us. He is internationally known. His contributions to ocean 
ography and marine exploration are probably better known than any 
contributions to oceanography during our time.

We are also very fortunate to have Mr. Mark Morton, the execu 
tive vice president of the General Electric Co. His company is daily 
involved in exploring new uses of the seas and improving man's 
ability to work in them. There is no better witness on technology and 
technological challenge that the United States now faces.

My oldtime friend, Scott Carpenter, who has been in the space 
and under the sea from the Mercury man-in-space project to the man- 
in-the-sea project, brings a wealth of knowledge and personal 
experience.

Later.in the morning Mr. Christian Herter, Jr., Assistant to the 
Secretary of State for Environmental Affairs, will be here. He is 
directly involved in the United States preparations for the 1972 
United Nations Conference on the Human Environment next June in 
Stockholm.

We will have as our first witness our explorer 'and film-maker 
friend, Captain Cousteau.

While you take your seat, Captain, I want to welcome to the Com 
mittee Congressman John Dingell who has been Chairman of the Sub 
committee on Fisheries and Wildlife Conservation of the House 
Merchant Marine and Fisheries Committee.

These gentlemen of the House, I might say, Captain Cousteau, and 
for the audience, have already passed an ocean pollution bill. I think



it is an excellent bill. We would like to pass it carte blanche without 
changing even a word and have it written into law. We have a little 
hangup over here on Committee jurisdiction, but we hope that is 
resolved.

I hope the testimony that you will give to this committee and to the 
Congress generally will point up the importance of this particular 
problem. We will be glad to hear from you at this time.

STATEMENT OP CAPTAIN JACQUES COUSTEAU

Captain COUSTEAU. Mr. Chairman, I am greatly honored to have 
been invited to appear here today, and I am impressed by your re 
sponsibility to talk about the element to which I have devoted my life, 
the sea.

The sea, as everybody today knows, is threatened. We generally re 
strain and reduce the scope o^ the question, the problem that the ocean 
faces, by speaking only of pollution. In fact, what we are facing is the 
destruction of the ocean by pollution and by other causes.

It is difficult to analyze the sources, but we have to do so if we want 
to understand and to react.

My role in this gigantic enterprise is only that of a witness, a 
modest witness, who has only one valuable thing to testify about and 
it is, I think, a unique quality of experience—underwater searching 
for more than 30 years.

I am fortunate enough to have shared this 30 years with the same 
companions most of the time, companions that have stayed witli me 
15,20,25 years, and that have been diving in most places of the world 

since then, joining their observations to mine. So it is really a heap 
of observations that I try to analyze and to sum up in a few words, in 
a few sentences, today.

The interesting thing is that we have been visiting the same places 
often 20 years apart, in the Northern as well as in the Southern 
Hemispheres, so we could make comparisons and judge the facts of 
damage that was done.

The only trouble is that our observations are subjective. It is im 
possible to quantify the general damage done to the ocean by specific 
meausrements, or if we wanted to do so we would need thousands of 
such measurements. But the behavior is immediately seen when you 
look at one place several years apart, what the trend is, Avhat the gradi 
ent is. We have been doing so not only along the coast, but in the most 
remote islands, not only near the surface but in exploring submarines 
down to 1,000 feet as early as 1959, and now currently, to 2 and 3 
thousand feet.

The figure that I have already given last year I can only confirm. 
We believe that the damage done to the ocean since 20 years is some 
where between 30 percent and 50 percent, which is a frightening figure. 
And this damage carries on at very high speed.

I have already been mentioning in articles of communications about 
the damage done to the Indian Ocean, to the Red Sea, to the Mediter 
ranean, to the Atlantic. Our latest observations in the Pacific, in Micro 
nesia and New Caledonia and in the Fiji Islands are even more fright 
ening. Everywhere around the world the coral reefs are disappearing 
at a very great rate, to such an extent we are not sure we will see any 
thing like, what we know now. In New Caledonia,' for example, the



destruction is due partly to pollution, partly due to fishing, and partly 
also by manual destruction. There are teams of Tahitian divers with 
crowbars destroying an average of 10 kilometers of reef a week. They 
have discovered shells inside the corals, but they have to destroy the 
coral to find live shells todaj\ They are sent to museums and shops that 
sell them to the public all around the world. So the demand of the 
public is responsible indirectly for this constant destruction of the 
oceans all around the world.

This is just an example among thousands.
The field of damage done by pollution is immense, as you can see 

by just throwing an eye to the American publication "Pollution Ab 
stract." Thousands of papers are already published about pollution.

But I would like to react very strongly against the belief that before 
acting against pollution we must know by research. Scientific research 
is very much necessary and must be increased many-fold, as I will tell 
later on. But I was very much impressed by a sentence wherein in a 
book by the French writer Fenechelon, in a very short sentence speak 
ing of the scientists measuring while the destruction goes on, she 
says, "They measure, we weep."

The action that is now necessary must be taken I think without 
knowing, eveij if we have to make some mistakes, because there is no 
time to lose. Otherwi se, it will be too late.

Some scientists in this country are more pessimistic than I am. 
Many of them when they are privately asked think that it is already 
too late, that nothing can be done. It is not my opinion, but I am 
absolutely certain that we have no time to lose, that we have a race 
against time, and that we must all join forces to win that battle.

I am tempted at times to feel satisfied, to see the increasing interest 
in the public of these problems, because I remember in 1959 when we 
started our action we caused a near scandal, and we unfortunately 
were right. But this satisfaction is obliterated by the fact of news from 
my three research units. I put on the left side the bad news and on the 
right side the good. news. There is good news, but there is much more 
bad news than good news today.

One may wonder why so little care has been given to the ocean 
in the past. The reason is very simple. People have thought that the 
legendary immensity of the ocean was such that man could do noth 
ing against such a gigantic force. Well, now we know that the size 
of the ocean, although it covers a great amount of surface, the real 
volume of the ocean is very small compared to the volume of the 
earth, and that this water reserve on our spaceship is unfortunately 
very small.

By the same token, we know now that the cycle of life is intricately 
tied up with the cycle of water, so that anything done against the 
water is a crime against life. The water system has to remain alive 
if we are to remain alive on this earth. Demonstration lias been done 
long ago, and there is no reason to expand on this. This is so true 
that we have to change completely our minds about what kind of 
pollutions there are.

In publications, in conferences, in international units the matters 
are generally divided into air pollution, land pollution, and water pol 
lution. In fact, there is only one pollution because every single thing, 
every chemical whether in the air or on land will end up in the ocean.



I have recent figures here about this. I won't bother you too much, 
but one of them is frightening. We know now already that 25 per 
cent of all the DDT compounds so far produced are already in the 
sea. They will all end up in the sea finally. But already 25 percent 
has reached the sea—cadmium, mercury, all these problems—I don't 
think I would like to bother you with these figures. But the general 
phenomenon is that as soon as we discover a new source of pollution, 
the producers of the pollutant subsidize another research, a counter 
research, and finally they come out with statements that this pollution 
is good for you.

So it is very difficult to know the truth from these two sources. It 
is obvious that damage is done, but it is difficult to pin down the vil 
lain or villains.

Some of the pollutions are probably more damaging than we 
think; some less. The future will sho\v. But as the Minister of the En 
vironment in Canada told me, the only solution is to require by law 
the pollutes to keep all the toxical products within their fences. This 
is the only attitude to clean the world.

Another reason for damaging of the ocean or for the deteriora 
tion of the ocean is overfishing. I made some forecasts 2 years ago 
saying that the amount of life in the ocean is decreasing rapidly. 
The only reason why the tonnage of fish still was going up was the 
improvement of equipment, and I forecasted that this tonnage will 
still go up for 10 vears before decreasing.

I was too optimistic. This year for the first time the world tonnage 
of fish has gone down slightly, beginning a curve and announcing a 
sharp fall which is going to happen. So the curve I anticipated is by 
far not accurate.

The other reason for the destruction of the oceans is unconstant 
changes in the environment. Blends are artificially introduced by man 
without knowing what they are doing, or other animals are destroyed 
in order to save another species without also knowing what we are 
doing.

I will give you one striking example. The famous starfish has 
been responsible for the destruction of the coral reefs. Dozens of 
divers make injections of formulae inside the poor animals, and by 
doing so they are absolutely not helping the environment. These star 
fish are only doing their job as they have done since the beginning 
of the world, and this job is to clean these corals that are in a poor 
condition.

Now, all over the world the corals are dying and they are taking 
advantage of that situation.

Another example in California is frightening. As you know, there 
is in California an ecosystem, very simple, that is often cited as an 
example—the sea otter, the kelp, the urchin and the abalone. Two 
hundred years ago the sea otter was abundant all along the coast of 
California. Now, it has been eradicated—almost eradicated in the 
south. The absence of the sea otter in the south makes a threat to the 
kelp beds by encouraging the urchins to eat the kelp roots, and sea 
otters are not there to eat the sea urchins and to keep the balance.

Some scientist in despair found out two solutions: One was to 
spread chemicals on the bottom of the sea, and the other solution was 
to send divers with hammers down to crush the urchins by the thou-
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sands, to kill them on the spot. So any kind of such action—it is a 
tremendous waste.

But apart from that, what worries me is to see when we are in 
.trouble, the only remedy we can invent is to add another destruction 
to the destruction -\ye witnessed. This is really, when we think about 
it, a terrible responsibility.

Another thing I wanted to quickly mention, as you know in 1960 
several studies demonstrated in 60 years, from 1900 to 1960, more 
than 800 species had been exterminated definitely by man. I don't 
have up-to-date figures today, but having put the curve on a piece of 
paper it shows that we must pass the thousand species mark in several 
years. This is rather frightening, but there is a counter point to this: 
each time man has protected a species—and I have examples, strik 
ing examples—a turnback has occurred. Nature is ready to respond 
to any kind of action we take with spectacular speed and efficiency. 
I name quickly the gray whale, the sea otter. Each time man has really 
protected an animal, officially protected an animal, even if it was 
hear extinction, it came back.

So there is hope if it is not too late.
I am thinking today particularly of the California condor. You 

know, it is a hot subject at the moment. There are only 50 of these 
beautiful birds left in a small area. There are several development 
companies that want absolutely to get that piece of land, the last 
refuge of the condor. If we protect them I'm quite sure that they will 
respond to this protection.

I cannot help feeling that the main reason for the quick destruction 
of our planet by man is something that has a psychological remedy. 
Man has probably been on this planet since about 1 million years. 
Until the start of the industrial revolution—let's say five generations 
ago—man has disposed of only a maximum power of one horse, and 
his number and his absence of weapons, of natural weapons, made 
him an indentured creature of nature.

So during all these years, this million years, man had to fight 
nature. He had no fangs, no protection, soft skin; he had to fight 
nature just to survive.

Certainly in five generations because, of the industrial development, 
we must completely change our thinking, reverse it 180 degrees, and 
understand that the only chance of survival is not to fight nature but 
it has become to protect nature.

This change-about in our psychology is almost impossible to do 
without a tremendous effort. So I believe that the remedy is psycho 
logical. We must clearly become conscious of this change, and then 
things can happen.

If we leave the philosophical level and if we come down to the ana 
lytical level, social level, the main responsible factors for the destruc 
tion of the planet are obviously over-population; and not enough has 
been done on that subject. And also the fact the law of competition has 
not been tamed yet. Competition is sound if it is tamed, il it is orga 
nized. Competition is wild and destructive if it is untamed.

The fact that the international competition has such implications 
obliged us—international competition—to stay in the wild^area, un 
tamed. As long as we do not tame this competition by international 
regulations and understanding, there will be no hope of controling our 
development, switching our technology from quantity producing to



quality producing, and to apply surgery to aii unregulated develop 
ment that can only be compared to cancer.

Unfortunately, the authorities are so overwhelmed by day-to-day 
problems, problems that involve the coming generations are often 
put under the pile.

What about the first beginning of a plan? I would like to bring 
just a remark to this question: It has been said over and over again 
that the cost of cleaning the planet would be for the main nations 
about 5 or 6 percent of the gross national product every year. That 
is, for the United States, approximately $50 billion a year, which 
seems a fantastic lot of money, almost two-thirds of the military bud 
get. So it is the scale of the economy, and the problem is whether to 
pay 5 or 6 percent more for everything in order to survive. People 
are pessimistic, saying nobody will accept such raises in prices. My 
answer to this is they will. And they have done so -at times. The 
emergence of the credit card in the economy has raised the general 
cost of living in 10 years about that amount with nobody protesting. 
The implications of the credit card, they are not by far as great as the 
scope of insuring the survival of mankind. The cost of cleaning the 
planet will be slightly more than the cost of a credit card, but not 
much more.

The remedies that should be applied are the intensification of re 
search, of course. T^e can estimate the budget necessary in several 
ways. One arbitrary way is to say we need at least 20 times more 
money for pollution research than we have now. Another way of doing 
it is reform. The total volume of the marine activities in the world 
amounts, to $450 billion, not encompassing the military expenditures 
which takes about 20 to 25 percent. This includes every activity, in 
cluding fishing, transportation, but not the military budgets.

If 1 percent of that money was applied—1 percent is a common 
figure for research in big companies—if 1 percent of that figure was 
applied to marine research, it would mean that the world would spend 
in a year $4.5 to $5 billion for marine research. We are far from doing 
so. The share for the United States would be almost $2 billion.

I think today that hardly $600 million are spent. So this is an indi 
cation of what would be reasonable to spend for the United States, 
and this is the only way for this country to find supremacy in this 
field that it had just up to World War II.

The drop in American research, marine research, occurred sharply 
in 1968, and today only applied research can be conveniently funded. 
Fundamental research is sacrificed, haying the result that funda 
mental scientists camouflage their goals in order to find funds, which 
I think is a very poor way of presenting research. The research would 
take years before it would bring about results, and as I said before, 
we have to act before we get this research.

The second remedy is to educate the public. Obviously television 
is the best tool but tnere is another one which is even better—it is the 
children. Today the American family is very much influenced by the 
children. The kind of education the children get is much higher than 
the one the parents got, and a teenager is today the educator of the 
average American family. He comes back from school with his head 
filled with new facts; and he tells them to his mother—he rarely 
speaks to his father about these things, because his father should know 
everything—and the mother listens. And the mother speaks about it
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in the evening to the father, and the facts about pollution, about en 
vironment, are penetrating the families through two channels—tele 
vision and school.

I made a census because I am depending a lot on the television 
public and I Avant to know what they think—I made a census of the 
average public in the United States, and I found out that 90 percent 
of the <women are favorable to sacrificing some of their comfort for 
the protection of the environment; all the children practically are 
ready to do so, and only 20 percent of the men. But the women vote.

I think personally that with these figures in hand, the battle can 
be won through the children and the women.

A thi^d point is to persuade the producers. I thought it would be 
difficult. I don't think so now. As soon as the producers understand 
that they are not going to be the ones to pay for it they are delighted.

So, the only thing is to explain to them that they have to make an 
effort, but that they can include the cost of cleaning the environment 
in the cost of their products as they include the salaries, the raw 
material, the taxes, investment, etc.

The fourth point--of course, I will go quickly on these points— 
is to establish drastic national and international legislation. The role 
of the governments is not to pay for the cleaning of the planet. The 
role of the governments is to pay for research and to establish edu 
cation.

We have now a hope with the Stockholm Conference. It is a big 
hope because the Stockholm Conference is going to bring about the

freatest amount of thinking on this subject that lias eve* occurred, 
t will be very useful on this level. But we have to be very careful 

about the proposals or the resolutions that come out from the Stock 
holm Conference, because the problems unfortunately cannot be 
generalized.

The^ polluting countries are not in the same situation as the non- 
polluting countries. To try to find a development at the level of the 
United Nations would be burying the entire idea. •

The action before the United Nations has to be diplomatically 
acceptable for such countries as Xanzania, so that efficiency cannot 
emerge from the United Nations, it is impossible.

Taking, for example, DDT, The DDT problem was brought up. 
at the United Nations. Nations like Sweden, the United States, will 
take steps on DDT. But the United Nations cannot, because some of 
the nations are dependent on it for their crops and for their very sur 
vival today still—and as long as we have not found another way, they 
will continue to use it.

So, Ave have to divorce the good will of the United Nations from 
the immediate action taken by the advanced nations.

Another reasons for my proposal, for the proposal I will make in 
a moment, is that together with Sweden, the United States is by far 
the Nation in which .the public is most aware of these problems— 
thanks to school and television.

So, I think that the United States should soon after the Stockholm 
Conference invite the 14 or 18 most industrialized nations which ac 
count for 82 or 83 pp.ro.o.nf. of^the pollution to the world, to join forces 
here in Washington and discuss emergency measures that everybody 
will accept so that competition becomes tame again.
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To sum up, I would like also to bring your attention to one point. 
It is good to make regulations -and laws, but who is going to control 
them? It is obvious that the governments or the United Nations can 
not do so, because you cannot have—I don't know the American ex 
pression for this—we say, "On ne peut pas etre juge et partie"—and 
the other side, "It cannot be judged."

The best example I know is my own government, the French Atomic 
Energy Commission, explaining as to its tests in the Pacific that it 
does a lot less harm then wearing a Swiss watch.

As long as the Atomic Energy Commission in any country is con 
trolling itself, it will be wrong. As long as the countries who pollute 
are controlling themselves, their air pollution, it will be wrong.

We must delegate this control to an independent agency like, for 
example, it is done widely in the world for shipping. The American 
Bureau of Ships is not a government agency, it is a nonprofit orga 
nization. Lloyds in England also. So, why not apply to pollution, 
which is even more important than shipping, the same method that 
has been proved in the past?

I would like also to emphasize that in all the action to protect the 
environment may be an ignorance, or it may be for biased reasons, the 
good will of the people and mainly of the children are often switched 
to useless activities.

For example, on Earth Day, the only thing that was found to do 
for the kids was to pick up beer cans. There is a confusion in the minds 
of people between pollution which is deadly and litter which is ines- 
thetic or inefficient.

One is very urgent; the other one is superfluous. We must put 
emphasis on saving the world from poisoning first. Then, we can make 
it beautiful. But then only.

I come here at the moment to switch the good will to the people 
against picking up beer cans.

There is a great hope inside for the control of the environment, and 
that is NASA's project Sky Lab, for the following reason: The high 
sea outside the national waters is outlaw country. Anybody can So 
anything or almost. The regulations about oil spills from tankers are 
or are not applied. God knows what happens when night comes. The 
chief engineers don't know what they .are doing, because it is easier 
for them. Not all harbors are equipped.

So, I find hopes in the role of Sky Lab. You know that NASA has 
not found an adequate public support, probably because the man in the 
street dreams about the moon, about Mars, about outer space, to a 
degree, and he does not see in the long run what good it makes to him. 
People tell him that there are technological by-products. He couldn't 
care less. The man in the street wants NASA, to be more in himself, 
and that is exactly what Sky Lab is going to do.

At long last space research is going to turn their eyes from out 
ward to inward, and to look at our planet and to control and moni 
tor it. Sky Lab to me is able, I know and I have discussed it with 
them, I know they have developed tools that enable them to measure 
from space the quality of productivity and pollution, temperature 
and currents. This is one thing, but productivity and pollution to 
such an extent that even a minute molecular hair on the surface of 
the ocean, left the night before by a ship, can be identified by a satel-
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litc, analyzed, and by the nature of the oil it can determine, the cop 
responsible can be found out.

So, Sky Lab Two, not One, can become the police in outer space 
that we need to keep us in line and to protect future generations.

Senator ROLLINGS. Captain, thank you very much.
It is very exciting to contemplate the thought that while we are 

trying to withdraw as policemen of the world, we might end up as 
the environmental policemen.

I want to Avelcome Congressman Lennon here, the chairman of the 
Subcommittee on Oceanography of the House Merchant Marine and 
Fisheries Committee.

We are very glad to have you with us.
I am going to limit myself. Let me ask just this: suppose you keep 

on making pictures and we keep on talking and nothing happens. 
Twenty years from now, where will we be at tins rate of ocean pollu 
tion? You say in the last 20 years, the best estimate you can give 
is that sea life has been destroyed at a rate of 30 to 50 percent, and 
this destruction is continuing on an increasing rate.

Let's say we do nothing, other than just talk and keep having hear 
ings. What happens?

Captain COUSTEAU. The figure I gave is probably even optimistic. 
I have talked to the scientists, many of the biologists, and their latest 
findings seem to show that the rate of metabolism of carbon in living 
matter in the ocean is even much lower than was anticipated before, 
which would mean that by destroying the living stock in the ocean 
Before it can be restored may take not a few years, but many thou 
sands of years.

So, we are running into an entirely new field of understanding of 
the life cycle in the saa that has always been extremely fragile, and 
now that it is submitted to stress it collapses.

So, life in the set has always been fragile, it seems that the animals 
that have succeeded in going out of the sea and who have called on 
land, because of fighting over the difficulties they have encountered on 
land, have developed a strong resistance, and a strong resistance I 
think has been harmful to man, which is the most resistant of them all.

But when you return to the sea like whales and dolphins—for 
example, there are epidemics among animals like killer whales that 
make tremendous damage to the packs. They are found back in the 
progeny of the sea when they reenter the sea, it seems to me.

To answer your question, I think if nothing was done today, maybe 
30,40, or 50 years would be the end of everything.

Senator ROLLINGS. I was afraid you would say that.
You also testified that some 14 nations were responsible for about 

83 percent of the pollution. Later on, I want you to give a list of those 
14 nations to the committee. You think that is the way to approach it?

Captain COUSTEAU. I think so.
Senator ROLLINGS. But it has been measured that only 14 nations 

contribute about 82 or 83 percent ?
Captain COUSTEAU. I can't remember whether it is 14 or 18 nations, 

but it is less than 20. This club of polluters could later on be enriched 
by nations that develop, and because of their development will join 
the club.

But at this time, I think it would be better first off to get results 
with a small number of fish.
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Senator HOLLIKGS. We only have a limited time since we have other 

distinguished witnesses.
Senator STEVEXS. Captain, you mentioned this competition in the 

area offshore beyond the national jurisdiction. Have you ever taken a 
position on the extension of national jurisdiction for the purpose of 
concentration of pollution control, such as Canada did recently?

Captain COUSTEAU. No; because I have never seen yet, the proposal 
that would appeal to me. The only way to extend the joining of the 
States would oe to take the earth, and divide it in equal parts and 
giving the responsibility—not equal parts but logical parts, and give 
the responsibility—not giving the sea to the nations, but the sea being 
the property of the United Nations as it has been decided, the United 
Nations gives a mandate to such and such nation, to shore-police in 
this area.

Senator STEVENS. I know you have been to my State of Alaska and 
made a very beautif ul film concerning our salmon. We are quite wor 
ried along the lines that you have mentioned over this vacuum- 
cleaner type fishing gear that some of 1;he large fishing nations are 
using in the North Pacific, and we apparently have no way at all to 
control it although w^ do control our own fishermen.

You said that you felt that out of the 1 percent of the money that is 
spent for marine research, and you estimated that to be about $4.5 to 
$5 billion, that the United States share would be somewhere around 
$2 billion?

Captain COUSTEAU. A little less.
Senator STEVENS. I find it hard to believe in view of the impressing 

achievements of the economies of Japan and Germany today that 
almost half of the total load would be on this country.

Captain COUSTEAU. It is about what it is today. If you sum up the 
monies spent in marine research by all the countries around the world, 
you are spending about half of it. That is how it is today.

Senator STEVENS. I misunderstood your comment, then. You say 
that we are spending about half of the amount that is spent today. So, 
if it was increased to $4r.5 to $5 billion—— • •

Captain COUSTEAU. I extrapolated. Maybe it could be changed. But 
if it was extrapolated, it would mean for the United States a little 
more than $2 billion, so I said a little less, in order to make a small 
change. But no less, it is so much more.

Senator STEVENS. One last question f qr me, you mentioned that you 
have been back to some place that you have been 20 years ago.

Captain COUSTEAU. Many places.
Senator STEVENS. And that in certain instances, you found specifi 

cations of increased pollution in terms of your activities. Could you 
tell us any one in particular that sticks in your mind ?

Captain COUSTEAU. Certainly.- For example, the simplest one for me 
because we see it every year is the Mediterranean. In the Mediter 
ranean, shore-life has practically disappeared. It was very abundant 
when we started diving, and today you can barely see a fish 3 inches 
long and very rarely. Sardines are very rare and only in the area of 
Gibraltar. The factories are closing down. The price of lobster is sky 
rocketing because it is almost impossible to find.

Another example, Madagascar, that is a very remote place. The reef 
on Madagascar and also the Isle of Araba are frankly dead today. The 
Seychelles Isles in the Indian Ocean, also. We went there 15 years
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apart, and we found a terrible difference. When we dive in the open 
ocean, for example, in the Sargassa Sea, where the water—I measured 
visibilities of a hundred meters in 1942 during the war, and recently 
we came back to the same area and we had hardly a hundred feet 
instead of a hundred meters, this is open ocean, far away from the 
coast, far away from any kind of normal introduction of minerals or 
earth.

What else? Well, I can give you examples of that sort all the time. 
Senator STEVENS. Did you test any of those fish in the deep ocean for 

mercury by any chance?
Captain COUSTEAU. No; we don't. We don't because if we begin to 

measure mercury, why not cadmium, why not everything else, head, 
et cetera ? So, I rely on the figures that come to me.

As you know, mercury is highly questionable. It has destroyed the 
lakes, right? But in the sea, I am not so sure that mercury is respon-" 
sible for the accidents. After all, this is not a problem. Each time you 
want to put a finger on one cause. The aim is to eliminate all possible 
products from the effluents. That is feasible. That is Jack Davis' idea. 
Keep your toxic substances inside your fences. That is the only solu 
tion, whether it is mercury, lead, deterrents, everything else.

So, the technology may help. A certain part of the youth is very 
often accusing technology or the technological world as being respon 
sible for its own destruction. That is not true. It is Ihe misuse of tech 
nology. Technology is the only way to overcome the danger.

For example, I have been very interested in seeing experiments made 
• in the United States and some other places to use the phosphates and 
nitrates from the effluents to filteralize areas, not only in the sea but 
on the land, and it works very well.

There are always ways of using for the good what is now used for 
the bad.

For example, the nuclear waste, I have not talked about that, but I 
could, it is a hot subject, let's face it, the manufacturers of nuclear 
plants claim, with some reason, that their plants are cleaner than the 
fossil fuel plants. It is true that it would be even more true if assur 
ances were given to the public of what is done with the effluents and 
with the waste.

We know now that there are ways to dispose of it that cost a little 
more. So^ who is going to pay for that little more? That is the only 
point. Whatever the cause, we always find out who is going to pay for 
that little more. That is the only question. 

Senator HOLLINGSS. Senator Cook. 
Senator COOK. Thank you, Mr. Chairman.
Captain Cousteau, before I ask any questions, I feel compelled to 

say that if 80 percent of the women in this country, and if 100 percent 
of the children, are very dedicated and have a strong desire to solve 
this problem, and would be perfectly willing to ask of themselves and 
of their Government to make this contribution, I feel that probably 
one of the greatest contributors to that has been your activities. I 
think in this regard, our country owes you a great deal of gratitude in 
regard to what our children and. many grownups have been able to see, 
through your research and through your efforts.

I feel that everybody on this committee, and everybody in this room 
would agree with that.
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I think one of the most amazing things that you said, -and I would 
just like to repeat it, is that we have finally gotten to the point in the 
history of man where we are no longer in that long, hard, and arduous 
fight against mother nature, but we are now in a fight to preserve 
mother nature. This does take a degree of education, does it not, 
Captain?

Captain COUSTEAU. Yes.
Senator COOK. There has been no question about the fact that one 

of our prime responsibilities in the development of man, in the 
development of all of the things all of us in the world now use has been 
a dedication over the many, many hundreds of years to compete with 
mother nature and to conquer mother nature. What you are saying is 
that the real cure to the environmental problem is for us to understand 
that our job now is to salvage mother nature. We must now turn 180 
degrees. Is that true ?

Captain COUSTEAU. I would add to your statement, which is abso 
lutely true, that we are facing a formibadle enemy in this field. It is 
the hunters. The hunters are the peers of that known tradition, and 
they feel compelled to cafry on the courageous fight of man against 
nature that was true for a million years, and to convince these people 
that they have to leave th°.ir gun on the wall is going to be very dif 
ficult—very difficult.

Senator COOK. Let me ask you one last question.
As we talk, I think one of the other remarkable things you said was 

that we should not delineate pollution. We should put one mark on it, 
and not segregate it into earth, air, and water, but understand that the 
recipient of most of it is the water.

Do you think one of the things we should also move toward is the 
consideration of legislation for the complete pretesting and preclear- 
ance of chemical substances before they are allowed to be introduced 
into the environment from the aspect of all three ?

Captain COUSTEAU. I think we should be able to drink effluent and 
to breathe any agent. As long as we cannot do that, we are in trouble.

If the exhaust were containing CO2 , we could take a bite of it with 
out danger. But right now, the exhaust of cars can cause suicide. So, 
it is a good example of Avhat we are putting in the air.

Senator HOLLTNGS. You talked of Sweden and the United States. 
These other remaining 12 to 16 nations that are the principal polluters, 
what is their attitude?

Captain COUSTEAU. It varies. But it is coming with, I say, a time 
difference of 2 years, about 2 years. Japan and most of the European 
countries are following the path of the United States, but they started 
later. Japan has more of these problems than you have, and certainly 
realize it and there is a tremendous action in Japan now, a very recent 
one. They are going to make a strong effort, and they are willing to do 
so, providing competition is fair. It is always the same thing.

In Europe, as you know, Sweden is doing a lot, France has created a 
Minister of Environment, England just did create a Minister of 
Environment.

Canada has done so.
There is really hope that something can be done.
Russia—there is a question mark, because they have claimed—I 

remember in 1959 they claimed very hard that they would never dump 
nuclear waste in the oceans, and I think they have not done so. But

74-466—72——2
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for the other fields, their attention against pollution which was pretty 
strong in 1955 to 1960 seems, according to the informations that I have 
which are scarce, to have dropped to a certain extent since the 
emphasis today is on Siberia. In Russia, everything is for Siberia.

I think that they have abandoned a little bit their position of strong 
antipolluters. But ideologically, they are obliged to be on our side.

So, I don't think it would be difficult to get them in.
Senator HOLLINOS. Congressman Shipley ?

' Mr. SHIPLEY. Thank you very much, Senator.
For the sake of time, I would just like to commend the gentleman 

for his statement, and I think all of us would agree that probably the 
biggest problem that we have is lack of research.

I think a very basic example that you gave in your testimony when 
you referred to the sea urchin, that right now the only solution we 
have is the more destruction to solve the problem.

I think this is a very good point that you brought out. I feel that 
the major pollutants, as far as the countries are concerned, the less 
than 20 that you said, need something that we have not had in the 
past.

I feel industry would be more than willing to cooperate. They have 
spent vast sums in this area, but I think we need some direction of 
beginning a program to solve the problem—just some guidance from 
these countries involved.

Do you feel this would be one of the main ingredients that we would 
need to solve this problem ?

Captain COUSTEAU. I think that we are going to make mistakes, but 
we must act quickly.

I think the list of priorities should be revised according to the 
results of research. But without waiting, a list of priorities must be 
be made now, and then revise them every year.

Mr. SIIIPLEY. I also appreciate, your remarks with regard to the Sky 
Lab, Captain. This is under my subcommittee on the Space Appropria 
tions Committee, and frankly, I had never really heard any testimony 
from the space agency relating this project to the way you explained it 
today. I do appreciate this.

Captain COUSTEAU. I am conferring with NASA on the 22d, this 
Friday, about that.

Mr. SHIPLEY. I certainly appreciate talking with the gentleman.
That is all, Senator.
Senator ROLLINGS. Mr. Dingell?
Mr. DINGELL. My very good friend and colleague has to return to 

the House, and I-ask that he be recognized before me.
Senator ROLLINGS. Certainly.

^ Mr. LENNON. I thank the distinguished Chairman for the invita 
tion to hear our internationally known special guost today.

Did I understand you to say, sir, during the decades of the fifties 
and sixties, there were a substantial number of oceans endangered 
species that became extinct?

Would you recapitulate, or give that figure for my memory, give a 
ballpark figure?

Captain COUSTEAU. This encompasses all species, not especially 
marine species, species that disappeared from the earth.

It is a Russian study from a Russian behavorist that was published
English. I don't have the reference here today, I am sorry. But Iin
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studied this 4 years ago, and it gave the curve and the number of 
animals and the name of the animals that have disappeared from 1900 
to 1960.

From this study, which was very serious, I have on my own specu 
lation made a curve, because there were a number of dates in the 
paper, I made a curve of how, how it was going up. It means that 
every year more species were eradicated.

It was frightening. Birds, mainly.
Mr. LEXXOX. Did they by any chance include any of the species of 

marine animals, mammals?
Captain COUSTEAU. There are not many mammals that have actually 

disappeared.
Mr. LEXXOX. The curve is still that way at this point in time?
Captain COUSTEAU. I beg your pardon?
Mr. LEXXOX. The curve is still in the direction, we are still losing ?
Captain COUSTEAU. For some species, we are losing.
For others, we are gaining. Gray whales are coming back very well.
Mr. LEXXOX. What nations are there in the world of the li to 18 

that you described as being the greatest contributors to ocean pollu 
tion, have laws which specifically prohibit certain types of ocean 
dumping or either transporting from the Nation's shores certain types 
of materials to be dumped in our oceans ?

Captain COUSTEAU. To my knowledge, none has any serious such.
Mr. LEXXOX. I assume you know that legislation has been passed by 

one of the branches of Congress, very definitive and strong legislation 
in that direction. Are you familiar with that legislation ?

Captain COUSTEAU. I am not quite familiar with it.
I have heard of it as well as the action taken by 17 States in this 

country, et cetera.
Mr. LEXXOX. As one of the 18 nations which will move in the direc 

tion, won't this cause the others to move strongly to prohibit ocean 
dumping?

Captain COUSTEAU. I think I said so. .
I agree at the moment that the United States is not doing enough, 

but it is doing more than the others.
Mr. LEXXOX. We are not doing enough until we pass strong 

legislation.
Senator HOLLIXGS. Mr. Dingell.
Mr. DIXGELL. I want to thank you very much for the courtesy that 

has been extended to me today, and for the privilege of being able to 
participate in this meeting.

I 'also want to commend you for what you are doing here today. My 
good friend, Congressman Lennon and I came over here with a matter 
of particular interest. I would like to join him in expressing concern 
over H.R. 9727, which in our view is a rather fine piece of legislation, 
dealing with the dumping of materials into the oceans, coastal and 
other waters, and for other purposes.

Mr. Lennon and I, and our staffs, and our colleagues in the House, 
have put literally hundreds of hours into developing what we regard 
as the best possible piece of ocean pollution and ocean dumping 
legislation.

I wa? particularly interested to hear Captain Cousteau allude to 
the need for research into the overall health of the oceans, and I was
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pleased to note that we had anticipated his concern on that point by 
providing a research section.

Of course, we have provided in addition to that, in addition to the 
dumping section, and that section just alluded to a very fine section 
related to authority for the Secretary of Commerce acting in his 
capacity as the chief officer of the department in which he exists, 
appropriate provisions for the establishment of marine sanctuaries, 
areas of particular ecological and environmental concern.

Captain, I have been long an admirer of yours, the very distin 
guished work you are doing in this area. I just wanted to ask what 
might be a question that might tend to bring the matter closer to home.

You have expressed general concern over the overall welfare of the 
oceans. I think perhaps we might bring^ the matter a little closer to 
home by taking a look at some of the major bodies of water that have, 
for all intents and purposes, ceased to be of ecological and environ 
mental value.

The Black Sea, as I understand it, became a dead sea about 4,000 
years ago.

I understand that now both the Baltic and the Mediterranean are 
anticipated to be in the same kind of trouble, whereby conceivably by 
reason of pollutants and damage of that kind, they might perhaps die 
very shortly.

Do you have a comment you would like to make on that, sir?
Captain COTJSTEAU. I fully agree. The Black Sea is dead below the 

level of the Bosporus Straits. In the upper layer there is some life 
because water is flowing into the Black Sea from the Mediterranean as 
well as the Atlantic water is flowing into the Mediterranean. So there 
is a refertilization of the Mediterranean first by the Atlantic, and in 
a much lesser degree, of the Black Sea by the Mediterranean.

Nevertheless, what is happening now is under the level of the Straits 
of Gibralter for the Mediterranean, and the Bosporus for the Black 
Sea and for that matter, for the Ked Sea. Below the depth of these 
three straits, there will be nothing alive anymore.

I made hundreds of dives with exploration submarines in the Eed 
Sea, and there is practically nothing left.

The Mediterranean is the same thing, and the Black Sea, it is done 
already.

So, yes, we are faced with that type of thing. If the surface of these 
seas were dead, the pestilence would raise up, and people would have 
to abandon the coastline for many months. It would be unlivable. So 
the only thing that avoids the seas from becoming infested, is life.

Mr. DINGELI,. Captain, there is another matter that I think you 
might address yourself to.

I understand there are two conferences, international conferences 
next year relating, one to mammals and, two, to the general condition 
of the ocean seas.

I wonder if you would like to give some suggestions, perhaps 
through this gathering today, to those two meetings with regard to 
steps that could or should be taken by nations generally and inter 
nationally, to protect the sea and to protect the living resources of the 
seas?

Captain COTJSTEAU. My opinion on this is that—it is only an opin 
ion—my opinion is that legislation is not—international legislation is 
not going to come from the conferences. The conferences that you are
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talking about are going to bring in information, bring in discussions, 
and the resolutions that will come about will be meaningless, as usual.

Nevertheless, they will bring in a lot of very useful information so 
that the ministers of a small number of nations can elaborate some 
thing that has sense. •

I do not believe that the conference can come about with an enlight 
ened proposal. I do not believe it. I think that this belongs to the 
leaders in small numbers.

Mr. DINGELL. Mr. Chairman, thank you very much for the courtesy.
Senator HOLLINGS. Thank ^ou very much, Captain Cousteau.
I have had the pleasure of listening to witnesses for 5 years in the 

Senate and 20 years before making a living, and you are the best- 
rounded witness I have heard. I am sure this committee could really 
examine you with benefit throughout the entire day. We will excuse 
you now.

The next witness will be Mr. Mark Morton, Vice President and 
Group Executive of the General Electric Corporation.

Mr. Morton, you can come forward.
I am going to make your biographical sketch a part of the record. 

Suffice it to say it is one of the most outstanding in the field of aero 
dynamics and engineering, and I know you personally as being one 
interested in the ocean, an expert diver in your own right, and that 
your company is environmentally concerned.

This committee wanted to have a spokesman from one of the large 
American industries that is environmentally oriented and concerned, 
particularly as regards pollution and the development of technology 
and the challenge being given technology at this time.

Mr. Morton, we welcome you, and we will be delighted to hear from 
you at this time.

(The biography follows:)
BIOGRAPHICAL SKETCH OF MARK MORTON

Mr. Morton is a Vice President of the General Electric Company, and is the 
Group Executive of the Company's Aerospace Group, comprising five Divisions 
and 40,000 people.

Mr. Morton was graduated from New York University with a degree of 
Bachelor of Science in Aeronautical Engineering, and received a degree of Doctor 
of Engineering (Hon.) from Rose Polytechnic Institute.

Mr. Morton joined the Philco Corporation after graduation and later served as 
an aeronautical engineer with the Engineering Division of the U.S. Naval Air 
craft Factory, Philadelphia, Pennsylvania, as a designer of aircraft and aircraft 
engines.

From 1937 to 1939 he was self-employed as a consulting mechanical engineer 
in the development of electro-mechanical devices and special instruments. He 
then returned to the Naval Aircraft Factory serving as an aeronautical engineer, 
performing aerodynamic investigations. He was later promoted to Supervisor, 
Experimental Design Group, engaged in the development of pilotless aircraft and 
guided missiles.

In 1944, Mr. Morton was transferred to the U.S. Naval Air Modification Unit, 
Johnsville, Pennsylvania, later renamed the U.S. Naval Air Development Center, 
serving in the position of Head of the Airplane Design Section of the Engineer 
ing Division, where he received a personal commendation from the U.S. Navy 
for outstanding service during World War II.

Continuing his service at this U.S. Naval Center, in 1948, he was appointed 
Head of the Airframe Branch of the Pilotless Aircraft Development Laboratory, 
and in 1951, he was promoted to Chief of the Engineering Division of the 
Engineering and Development Services Department, responsible for the design, 
development, testing, and evaluation of special aircraft, pilotless aircraft,
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guided missiles, and a wide variety of mechanical, electro-mechanical, and elec 
tronic devices and systems.

In 1956, Mr. Morton joined the General Electric Company, Missile and Space 
Vehicle Department, Philadelphia, Pennsylvania, as Manager, Project Planning 
and Review, for the Mark 2 and related re-entry systems programs for Thor and 
Atlas. He was appointed to the position of Manager of Projects in 1958, and 
Manager of the Re-entry Systems Product Section in 1961, responsible for the 
program management of such programs as the Mark 3 and related research and 
development and operational re-entry systems for Thorte and Atlas; research 
re-entry recovery systems; recoverable satellite re-entry systems; space power 
systems; and tactical missiles.

In 1962, Mr. Morton was appointed General Manager of the Re-entry Systems 
Department, Philadelphia, Pennsylvania, adding to the foregoing such research 
and development and operational re-entry systems programs as the Mark 6 for 
Titan II; the Mark 12 for Minuteman II and III; research and target re-entry 
systems; and BioSatellite and special satellite recovery systems.

In January, 1968, Mr. Moi-ton was appointed General Manager of the Missile 
and Space Division, with headquarters in Valley Forge, Pennsylvania, responsible 
for development of space and re-entry systems, and related integration and sup 
port, on such programs as Nimbus, Apollo, Manned Orbiting Laboratory, Re 
entry Systems, Recoverable Satellites, and associated scientific and technologi 
cal developments.

He was elected a Vice President of the General Electric Company in the year 
of 1968, and in June, 1969, Mr. Morton was appointed to his current position as 
Group Executive, Aerospace Group, General Electric Company. In this capacity, 
in addition to the space and re-entry systems just described, his responsibilities 
include Aircraft Control and Instrumentation Systems; Airborne and Ground 
Radar Systems; Earth Resources, Environmental and Communication Satellite 
System; Environmental Technology; Socio-Economic Systems; Urban Housing 
Systems; and Ocean Systems. His Aerospace Group compromises the Space 
Division, Re-entry and Environmental Systems Division, Aircraft Equipment 
Division, Electronic Systems Division, and Aerospace Programs Relations Divi 
sion. He has received the NASA Public Service Group Achievement Award in 
1969 in connection with the historic flight of Apollo 11.

Mr. Morton has received many awards for his work in community affairs, 
urban problems, and small business support, such as the Federal Bar Associ 
ation Award in 1967 for his work in community and youth education programs; 
the Philadelphia Cotillion Society Award in 1967 for this efforts in behalf of 
disadvantaged youth; the NEMA Award in 1968 for his work with the schools 
and minorities; and the Small Business Administration Award in 1969 for his 
leadership in developing community programs and minority-owned small busi 
ness. In 1970, he received a commendation from President Nixon for his out 
standing leadership on social and economic problems and his efforts to provide 
full opportunity to all Americans.

Mr. Morton is an Associate Fellow of the American Institute of Aeronautics 
and Astronautics, and a member of the American Ordnance Association, the 
Armed Forces Communications and Electronics Association, the Air Force His 
torical Foundation, the National Space Club, the American Astronautical So 
ciety, the Association of the United States Army, the Air Force Association, the 
Navy League, the Electronics Industries Association, and the National Security 
Industrial Association. He is member of the New York Academy of Sciences, 
and of the Science Advisory Committee of the Alabama Space and Rocket 
Center. He is Chairman of the Board of the Sea Space Symposium.

STATEMENT OP MARK MORTON, VICE PRESIDENT AND GROUP 
EXECUTIVE, GENERAL ELECTRIC CO.*%•*

Mr. MORTON. Mr. Chairman and members of the committee: 
I want to say at the outset that it is a great honor for me to join 

with such dedicated pioneers as Jacques Cousteau and Scott Car 
penter, under the auspices of Senator Rollings' Subcommittee on 
Oceans and Atmosphere, in expressing my views on how to make wise 
use of the ocean while preserving the integrity of that environment. 

I have a deep conviction that substantial economic and social bene-
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fits can be realized by developing our ocean resources, improving ocean 
transportation and trade, and successfully competing in the world 
market. At the same time, it is essential that we consider the problems 
of pollution which have accompanied our efforts to exploit resources 
and expand trade; therefore we must plan our ocean program to safe 
guard against further ecological damage, as well as to make lasting 
improvements in the quality of our ocean environment.

My concern about our ocean program is based on many years of 
personal interest and involvement with ocean development. My com 
pany (General Electric) has, for a considerable period of time, been 
developing and. manufacturing a diverse range of ocean products such 
as marine turbines and ship propulsion drives, nuclear submarine 
power plants, sonar systems, equipment for the offshore petroleum 
industry, advanced diving equipment, undersea laboratories, ocean 
data buoys, shipboard waste pollution treatment equipment, and oil 
pollution treatment equipment. This experience in oceanic work, as 
well as in a high-technology aerospace business, has provided some 
valuable insights about the necessary ingredients for successfully im 
plementing a broad national ocean program. I would like to share 
these insights with this committee.

It was just 10 years ago that the National Academy of Science and 
the U.S. Navy iocused attention on the importance to the United 
States of oceanic activities and marine resources. Since then, we have 
witnessed a rapid development of ocean technology. Man has in 
creased the depth of a suitably equipped free diver from 200 to 1,000 
feet in the sea and to almost 2,000 feet in a chamber; he has lengthened 
his stay in the sea from hours to months by use of undersea habitats 
and laboratories. Deep submersibles have explored the continental 
shelves and touched the bottom of one of the deepest ocean trenches. 
Offshore oil supply has steadily increased and presently provides 18 
percent of the U.S. demand. Exploratory oil wells are now being 
drilled in more, than 1,600 feet of water, and undersea production sys 
tems are being developed to operate in 2,000 feet of water. Containeri- 
zation has provided considerable progress for the shipment of cargo, 
and the world's tankers have grown in size, from 70,000 to 400,000 tons.

In conjunction with this progress, we have also witnessed an in 
creasing degradation in the quality of the marine environment be 
cause of contamination from oil spills, pesticides, industrial pollut 
ants, and shipboard and municipal wastes. Clearly, we have not taken 
full advantage of our technological capabilities 'in attacking marine 
pollution. I will have more to say about this later.

Recognizing the national need, Congress enacted the "Marine Re- 
sources and Engineering Development Act of 1966" and as a result 
a Commission was formed to draft a national plan for the wise use 
of the sea. Under the able leadership of Dr. Julius Stratton, the Com 
mission submitted, in 1969; to the President, the Congress, and the 
Nation, a report titled, "Our Nation and the Sea." The strength of the 
Commission report is in its breadth of conception, and its usefulness 
and relevance today is as great as it was 2 years ago.

Subsequently, in 1970, the Reorganization Plan No. 4 established 
the National Oceanic and Atmospheric Agency (NOAA) within the 
U.S. Department of Commerce.

NOAA was created to improve, man's comprehensive, us0;, and 
preservation of the ocean's physical environment and its living re-
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sources. I believe that these three purposes, understanding: using, and 
preserving the ocean, should be balanced in the best national inter 
ests. From this view, understanding the ocean consists of research and 
exploratory studies to establish a base of knowledge about oceanic 
life, physical and chemical processes, ocean-atmosphere interaction, 
and the mechanisms of marine environmental pollution; using the 
ocean involves a national assessment of marine resources and their 
distribution, and the development of tools and techniques to improve 
the extraction and recovery of oil, chemicals, minerals, and the har 
vesting of living resources for food and medicine. Future uses of the 
ocean include extraction of energy and the establishment of commu 
nities on the surface of and under the sea. Preserving the oceanic en 
vironment consists of the development of technologies, equipment, 
and management techniques to prevent and reduce damage to the 
physical and biological environment of the oceans and the coastal 
zone from the deleterious effects of pollution as well as from such 
destructive natural events as hurricanes and tidal waves.

The funding to NO A A is woefully insufficient, and this is delaying 
the initiation of projects needed to acquire a basic understanding of 
ocean processes and the mechanisms of pollution. There are similar 
serious deficiencies in the national programs for using the ocean and 
preserving its environment. Recognizing these financial inadequacies, 
remedical steps were presented in Bill S-1986, "A Bill to Foster a 
Comprehensive, Long-Range, and Coordinated National Program in 
Marine Science, Technology, and Resource Development, and for 
other Purposes," introduced by Senator Rollings. Implicit in the 
bill is the understanding that wise use of the ocean will require a 
partnership of government, universities, and industry in a rival new 
program.

To obtain a better perspective of the present state of marine affairs, 
one must understand that we have truly entered an era of interna- 
tionalization of resources. The human and natural resources of all na 
tions have become economically available. For example, through 
marine transportation, iron ore from Peru or New Zealand together 
with coal from Austria and Canada, and oil from the Persian Gulf 
and Indonesia, are all utilized to make steel stock and plate in Japan 
for building the World Trade Building in New York City.

Mr. C. W. Robinson, president of the Marcona Corporation, one 
of the largest suppliers of iron ore to Japan, has referred to an "illu 
sion of distance" in making the point that using large ocean bulk 
carriers and modern technology substantially reduces the cost of 
marine transposition in comparison with land transportation. 
Hence, with 130,000 ton bulk carriers and suitable loading facilities, 
Brisbane and Tokyo are closer to Los Angeles in cents per ton-mile 
than is Fresno, California. The use of large ocean carriers and the 
construction of deep port and harbor facilities have contributed sub 
stantially to the soundness of Japan's "island economy" through the 
internationalization of resources.

In addition, one must consider the huge financial and human re 
sources of large multinational corporations, in order to visualize the 
world marketplace in which the U.S. must compete..

Against this background there are many promising areas in which 
the Nation could become engaged, such as food sourcing; transporta 
tion, mining, oil, necessary research, and recreation which is itself
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a very large and attractive field. I have selected and will examine 
three oceanic projects which promise to have a profound influence 
on U.S. employment, economy, resource utilization and environ 
mental quality. They serve to highlight the key concepts I wish to 
express concerning the formulation and implementation of a strong 
national ocean program. The three projects are: (l)\he timely de 
velopment and use of liquefied natural gas carriers; (2) the develop 
ment of large, multipurpose offshore platforms, and (3) the large- 
scale monitoring of the ocean environment, leading to its proper 
management and control.

The role of liquefied natural gas (LNG) in the world energy 
market is projected to grow rapidly in the seventies. This growth is 
dependent upon the availability of the special ships and terminal 
facilities required to transport and store the gas (as a cryogenic 
fluid for minimum bulk). Present annual demand for gas in tho 
United States exceeds the supply. If the demand continues to grow at 
a projected average annual rate of 3.2 percent, a domestic shortage of 
twelve trillion cubic feet of natural gas will result by 1980. This 
shortage, equal to almost one-half of the present domestic supply and 
equivalent to 12 percent of the projected total U.S. primary energy 
consumption in 1980, must be obtained from foreign sources. The 
surge in the use of natural gas is due to this relatively pollution-free 
characteristics, the availability of gas transmission systems in the 
U.S., and the fact that changeover from coal or oil to gas-fired sys 
tems is simple and inexpensive. Additionally, the petroleum-produc 
ing countries of the world are no longer willing to flare gas from oil 
wells. Many of these nations are introducing laws that require the 
storage or the reinjection of the gas into the well.

The means for adequately economical ocean transportation of such 
large quantities of gas do not exist in the world today. There are 
currently LNG tankers. However, new LNG ships must'be built that 
are larger and faster. Because LNG tankers must be capable of con 
taining the liquid gas at minus 259 degrees Fahrenheit for volume 
reduction, they must be equipped with special cryogenic tanks, pumps, 
compressors and piping, in addition to new and efficient propulsion 
and reliable navigational systems. In the U.S., the needed technology 
and trained personnel are available. However, there is a lack of na 
tional commitment to this goal, essential to the transfer of technology 
and personnel into a competitive shipbuilding program. Presently the 
lead for the new LNG tankers has already been taken by other nations.

Almost two deccades ago, Dr. Hisashi Shinto, Executive Vice Presi 
dent of Ishikawajima-Harima Heavy Industries Co., Ltd. (one of the 
world's largest shipbuilders)', was assigned the responsibility for reor 
ganizing the Japanese shipbuilding industry. For their major ship 
building accomplishments which followed, considerable credit was 
given by Dr. Shinto to the National Bulk Carriers Corp. of the United 
States for introducing into Japan American technology and efficiency 
for building ships on a standardized mass-production basis. In addi 
tion to the funding of technology, Japanse governmental subsidy was 
obtained to insure the continued growth of their shipbuilding indus 
try. Mr. C. W. Robinson has pointed out that the subsidy is in the form 
of special low prices for ship construction steel, combined with attrac 
tive sales financing provided by the government.
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As with mass-production shipbuilding, the United States has the 
technology, materials and trained personnel in the relatively new field 
of cryogenics. The space program and other industrial applications 
of liquid gases have established the technological base. However, the 
application to these new larger, faster LNG carriers is being left to 
other nations such as Japan, France, Norway, Sweden, Italy, and 
Spain. The opportunity to apply this technology to the construction 
of LNG carriers is especially attractive to the United St. fces because 
of the size of our domestic demand for LNG. Because the new LNG 
ship is highly sophisticated and new technology and expensive ma 
terials are used in construction, the total ship cost is less sensitive to 
labor rate differentials. Projections indicate that by 1980 34 LNG 
carriers of 120,000 cubic meters capacity will be needed to service the 
United States, at a cost of between $80 and $100 million per ship. Add 
ing to this cost the capital expenditures required for LNG plants, 
terminals, and storage, the total U.S. investment in the 1970's would 
be about $6 billion over about 10 years. The projected size of this 
effort offers tremendous opportunity for large scale employment of 
both technical and nontechnical workers.

The second major ocean development expected to emerge in the 
seventies is the construction of large offshore platforms or "islands." 
Use of these offshore facilities has been considered for deepwater port 
terminals, and as a solution to geopolitical siting problems for power- 
plants, airports, industrial centers and, ultimately, complexes of these 
services. The pressures of population growth, industrial expansion, 
and pollution arc now forcing coastal communities to look offshore for 
relocating many of their land-based facilities.

Construction of offshore deepwater ports and terminals would en 
able us to handle giant containerships and supertankers, thus greatly 
improving the U.S. competitive trade position. There are about 700 
large vessels in the world that have drafts too deep to enter U.S. ports. 
Our two "deepwater" ports at Long Beach and Seattle are the only 
U.S. ports that can accommodate 100,000-ton vessels. In other coun 
tries there are 50 harbors than can handle 200,000-ton vessels. Because 
of the high costs and the disruption involved in deepening and widen 
ing channels to our existing ports, the offshore man-made island con 
cept is rapidly gaining favor.

Other uses for man-made islands might include sites for industries 
requiring large amounts of cooling water, such as chemical plants, 
powerplants, and oil refineries. The ocean can easily dissipate the waste 
heat without significant ecological damage. In addition, offshore 
powerplants can provide coastal cities with desalination as well as 
energy. Major industrial contributors to urban pollution and noise, 
such as refineries, chemical plants, and airports, could be moved off 
shore in order to "clean up" and beautify the urban environment and 
make the cities a healthier place to live. The plan for moving these 
industries offshore should provide for the eventual incorporation of 
highly effective effluent and waste handling systems to control pollu 
tion of the ocean, and to eliminate the possibility of atmospheric con 
tamination being brought back to coastal cities by prevailing winds.

Large-scale offshore projects will provide gainful employment to 
those in the under-utilized urban labor force of the coastal megalopo 
lis. Today 86 percent of the country's population lives in the coastal 
States, and 43 percent live in the counties bordering our coastlines.
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Clearly, national priorities for ocean development should emphasize 
the needs and desires of these people to improve their quality of life 
and economic well-being. The problems of urbanization, caused by 
rapid shifts in population distribution, are destroying the city and 
dehumanizing its inhabitants. Instead of fulfilling their potential and 
contributing to the economy, many are f rustratedty a lack of employ 
ment. New jobs would be rewarding to them, not only economically, 
but also in the knowledge that they were contributing directly to the 
betterment of their own living environment. The benefits will be an in 
creased flow of dollars into the economy and the improvement in the 
quality of the environment.

It is not too soon to begin the necessary engineering and levelop the 
specific plans for such a bold new program. Many of the technological 
skills and the manpower are now available. The Government should 
take the lead, in partnership with industry, the universities, and the 
scientific communit}', to turn this concept into reality. To accomplish 
this, a commitment must be made to finance some of these large off 
shore undertakings and the necessary supporting technologies. By 
step-wise growth, island complexes with a multiplicity of purposes can 
evolve which will be competitive with existing onshore facilities and 
will enhance our Nation's overall position in the world marketplace. 
In several countries, man-made islands are in the working, and are 
considered the wave of the future.

A third major ocean project is the deployment of ocean environ 
mental surveillance and monitoring systems which would lead to the 
management of the ocean environment. These systems would assess 
the "state of health" of the oceans and the coastal waters, detect pol 
lutant levels, mechanisms, and distributions, and monitor and predict 
natural environmental phenomena of weather patterns and storms. 
One such worldwide program presently underway is the Integrated 
Global Ocean Station System (IGOSS), being coordinated through 
tha Intergovernmental Oceanographic Commission in cooperation 
with the World Meteorological Organization. NOAA's National Buoy 
Project is contributing to IGOSS by the development of data buoy 
technology and determination of system requirements. Both IGOSS 
and World Weather Watch are the beginnings of a coordinated global 
monitoring system.

Similarly, the United States must coordinate and expand its 
environmental monitoring by utilizing advanced sensors, communica 
tions and data processing technology. Effective action requires 
increased deployment of data buoy stations in coastal regions, combin 
ing pollutant detection with oceanographic and meteorological meas 
urements in the same ocean station and integrating these ocean data 
sources with ship data and remote sensing information from aircraft 
and satellites such as the Nimbus Weather Satellite and the Earth 
Resources Technology Satellite.

The use of submersibles and undersea habitats and laboratories 
should complement the other information and observational plat- 
forms; As Jacques Cousteau has proven in his pioneering Conshelf 
experiments, man's personal observations can provide knowledge 
about the health and nature of the ecosystem which instruments can 
not supply. The importance of this fact was further demonstrated in 
our TEKTITE project where many months of continuous scientific 
work were accomplished. The combination of man-in-the-sea programs
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with instrumented monitoring stations will enable us to achieve a more 
nearly complete understanding of ocean environmental processes, 
their management, and their effect on all living things.

Many environmental data systems are being used by NO A A and 
NASA, but a truly cost-effective, coordinated system has yet to be 
implemented. With a greater financial commitment to this purpose, 
and a more centralized focus for coordination of the many parallel 
programs now being pursued, our Nation should eventually be capable 
of not only controlling ocean environment pollution but also managing 
the control of some natural disasters, such as hurricanes, and operating 
warning systems for tidal waves and earthquakes.

The technical skills and trained personnel of the aerospace industry 
are available for application to this endeavor. There is much com 
monality between aerospace and ocean systems technologies. Central 
integrative program management, as well as capital investment, on the 
part of the Government is needed to foster the constructive applica 
tion of these technical resources.

Traditionally this Nation has maintained a competitive lead through 
technological superiority. Today, however, we are witnessing a serious 
attrition of engineers and scientists in this country. This is partlv duo 
to space and defense cutbacks which are driving many technical peo 
ple into nontechnical professions. Probably of equal importance is the 
fact that young people today are less attracted to engineering than 
they were a clecade ago, and this trend is shown in the proportion of 
applications to engineering colleges. The effects will be felt acutely 
later in the decade, when technological stagnation could set in, unless 
something is done about the situation. The stimulus to our youth pro 
vided by a challenging and socially relevant ocean program, and the 
rewarding job opportunities it would offer to our disenchanted and 
poorly utilized engineers and scientists, could reduce the projected 
losses of these valuable technical people.

In conclusion, I have presented my thoughts on the future of our 
Nation's ocean program by discussing three promising projects that 
we should undertake and their potential impact on the economy, re 
sources and environmental quality. There are a number of common 
threads and synergistic relationships among these projects which 
convince me of their viability and importance.

One of these is the long-range benefits that will accrue through im 
provement in our ocean resource utilization.

Another common thread is the enhancement of transportation and 
trade which places us in a better competitive position in the world 
marketplace.

A third is the provision of enhanced employment opportunities and 
training for our Nation's work force in general and our skilled tech 
nical personnel in particular, and the additional dollars that this will 
bring into the economy.

A fourth common element in all of the recommended projects is the 
opportunity to utilize many of the advanced technologies already de 
veloped, and reapply these to solving our pressing ocean problems.

A fifth is the incentive to cooperate with other nations on many 
aspects of these ocean projects and the resultant stimulus to interna 
tional technical exchanges, improved relations and increased trade.

Finally, all three projects address themselves in large measure to the 
long-term alleviation, in fact, reversal, of environmental degradation.
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These approaches offer far-reaching solution to the problems of a high 
quality environment, instead of temporary "fixes."

To implement this expanded ocean program in such a manner that 
real economic payoffs can be realized within a reasonable period, re 
quires that detailed objectives, plans and priorities must first be estab 
lished. Then they must be followed by the commitment »of sufficient 
funding to carry programs through development, pilot demonstra 
tions and full-scale operations. The Government must provide the 
necessary management impetus and capital investment in the critical 
technologies and pilot projects in order for industry to have the incen 
tive to follow through in a cost-competitive way with assurance of a 
reasonable return on its investment. The Government undertook a 
major capital investment in satellite communications development 
during the last decade, building on the large investment already made 
in rocket booster technology. As a result, commercial communications 
satellites are operating today on a cost-competitive basis. This achieve 
ment would not have been possible without the Government's initial 
investment in these technologies.

A reduction in research and development expenditures by the Fed 
eral Government, in terms of both uniflated dollars and percent of 
GNP, has been in effect from 1967 to 1971. Whether this reduction 
indicates a basic shift in overall priority assigned to E. & D. in the 
Federal Government, or whether it includes the result of redirecting 
previous emphasis on space, defense, and atomic energy, the portent 
of this trend signifies the beginning of a period of technological stag 
nation, with a resultant weakening in our Nation's world-competitive 
position. We must reverse this trend soon if we are to retain pur tech 
nological superiority, and we must reorder our priorities into eco 
nomically and socially rewarding channels. I believe the three ocean 
projects I have described will produce considerable momentum toward 
achieving these goals.

We stand today at the threshold of very exciting possibilities for 
ocean exploration and development. We possess the capabilities and, 
hopefully, the wisdom to utilize this environment, its food, its energy 
sources, its materials, and its recreational values for the betterment 
of mankind. At the same time we must protect the balance of the 
ecosystem from further degradation. Industry is ready and willing 
to commit its resources and capabilities to the challenge that lies 
ahead. It is my sincere hope that industry, universities, the scientific 
community, and the Government will be able to move forward in 
partnership in building a truly constructive and urgently needed 
national ocean program.

Senator ROLLINGS. Mr. Morton, that is a very excellent statement. 
It certainly outlines the factual matter of the challenge before us.

We are going to want to hear from Scott Carpenter and Mr. 
Christian Herter before lunch, so I will be very brief and just ask 
this one question: From the standpoint of the development, you say 
that the Government must fund a national oceans program. Isn't it 
a fact that other governments are doing just that? The Japanese, for 
example? What are they doing?

Mr. MORTON. It is a fact that other governments are funding their 
ocean programs. As a matter of fact, other goverments are doing it 
so vigorously that we find American industry involved in support of 
other countries.
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For example, in the case of my own company, we are already in 
volved in doing much work with other nations, inasmuch, Mr. Chair 
man, as you have mentioned Japan, we have just signed an agreement 
with the Mitsui Ocean Development and Engineering Co., for supply 
ing ocean systems technology. In other words, we are already involved 
with the Japanese Government and with other governments more 
than we are with our own.

Senator HOLLIXGS. If the United States doesn't do business, you will 
do business with Japan, is that right?

Mr. MORTOX. That's about right.
Senator HOLLTXGS. What about the matter of technology with re 

spect to pollution,'the actual drilling, the design of oil tankers and 
everything: isn't there an improvement in technology along this line 
to protect the environment, and we're not doing anything about it ?

Mr. MORTOX. The technology, in my view, is available. There are a 
lot of people that know technology. We have the resources. But we arc 
certainly not making adequate use of them. We have no coordinated 
program in this country to bring all the resources together.

As Jacques Cousteau pointed out, our efforts should be brought 
together in concert with other countries. I think the U.S. Government 
has to take the lead in this to begin to bring together a program of 
international cooperation.

Senator ROLLINGS. The fact is you also, in another capacity, are 
Chairman of the Board of an organization which is deeply concerned 
with the oceans and whose members often examine the underwater 
environment first-hand.

Is,'ft it a fact that this organization has difficulty in locating diving 
sites that are not polluted?

Mr. MORTOX. You are referring to Sea-Space Symposium, which 
has as a purpose the advancement, in the public interest, of the mutual 
sciences of hydrospace and aerospace. Its members are outstanding 
contributors to those fields. It is hoped that the frontiers of ocean ex 
ploration will be advanced by the transfer, where commonality exists, 
of space technology to ocean application. The members do from time 
to time personally observe major undersea programs, such as 
TEKTITE and AEGIB. It's true that a pollution-free environment 
f or_sucji programs is difficult to find.

Senator HOLLTXGS. Senator Stevens?
Senator STEVEXS. I enjoyed your statement very much.
Is your company paying a portion of this arrangement with the 

Japanese, or are they^ financing it ?
Mr. MORTOX. No, it is being financed by the Mitsui Ocean Develop 

ment and Engineering Co. The Japanese Government does a lot of 
work in partnership with their industry, and when their industry gets 
into a new field, it is done with a great deal of Japanese financing.

Senator STEVENS. I wonder if General Electric would like to help 
us educate the U.S. Chamber of Commerce on some of those aspects?

Senator ROLLINGS. The U.S. Chamber of Commerce and the U.S. 
Government. There is the old argument around this body about free 
trade. Yes, we could always have free trade and compete as long as 
we had a superiority in technology, but as you indicate in your testi 
mony, now the United States during the past decade has been selling 
its technology, which has developed new jobs, and that is why we are
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seeing 10-percent surcharges in order to get our trade picture back 
into balance.

I wish we had time to go into that.
Senator STEVEXS. We could go into that for a long time.
Senator HOLLINGS. Mr. Shipley?
Mr. SIIIPLEY. Thank you, Senator. Just one observation and a ques 

tion: The point that bothers me in listening to this testimony today, 
and I think all of us would agree, that now is the most emotional time 
this country has ever had with the environmental problems we have 
concerning pollution. You mention on page 6 of t our statement that 
some countries were now enforcing the gas la\vs on oil wells so that 
they have to inject the gas back into the storage rather than burning 
it off as they have in the past. This bothers me in that I do come from 
an oil State, and we have a very difficult time, of course, in competing 
with other countries.

The thing that bothers me with the environmental program is that 
we may go too fast, too strong without a combined effort of all of the 
polluting countries, that we will pass laws that would force unfair 
restrains on American industry by coming up with strong pollution 
laws and strong enforcements.

This is a very important point.
The one question I would like to ask you, Mr. Morton, I think it is 

common knowledge that this country has not invested as much as we 
possibly could in the past, and are not doing so presently. My staff is 
at the present time attempting to work out a bill that I can introduce 
that would offer some type of tax incentive for industry to go ahead 
and invest more than they have in the past. I just wonder if you might 
have any comments on what you think of this type of bill ? It is some 
thing similar to the oil depletion allowance. We think'the ocean is one 
of our great natural resources, and everyone who has talked today tells 
us that we are destroying one of our greatest natural resources. And 
I see nothing wrong with setting up some similar legislation as I have 
mentioned.

Would you give y^our thoughts on that?
Mr. MORTON. This is a very touchy subject, as you gentlemen know 

better than I. Other industrial nations place a higher priority on in 
ternational trade than we do. Other nations provide incentives for 
investment that put the United States at a disadvantage relative to 
our foreign competition.

Foreign governments use investment credit type allowances and ac 
celerated depreciation policies to reduce income taxes for the purpose 
of encouraging capital investment, and to provide an incentive for the 
renewal and modernization of factories. The purpose is to increase 
productivity, lower costs, and thereby stimulate export business.

As a nation, we do not have a cohesive economic policy. Nor do we, 
as other nations do, examine proposed changes in our domestic policy 
from the viewpoint of impact on our international trade.

Mr. DINGELL. Senator, again I want to express my gratitude to you. 
You have been most gracious to me. I thank you.

I -have no questions. I have read Mr. Morton's statement with care 
while I was on the way over. It is an excellent one. I am very pleased 
with it.

Senator ROLLINGS. Since we got a little off, Mr. Morton, from pol 
lution jobs and the challenge, specifically that is exactly why we
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introduced S. 1986, to use the money available to put the space tech 
nicians and engineers and scientists into this research and into the 
development of the oceans f rom the space field.

Last week Senator Stevens and myself were in Seattle. There are 
180,000 unemployed in that area—technicians, scientists. Wilbur 
Smith of the AFL-CIO testified that they could transfer very easily 
into this same field.

The Senate, on August 6, voted a billion dollars, but not to get into 
this field, not to take those truly unemployed and put them in a field 
in which they can associate with, but to put them in the courthouse 
and the statehouse, and to pick up the trash in the parks. That was the 
testimony before our Appropriations Committee.

We could take them all and let them all get in the courthouse and 
clean up the parks, and as I said, pick up the trash. Here is the chal 
lenge going by, and the other countries moving in this field.

We appreciation very much your testimony here this morning.
Mr. Carpenter, we appreciate your being here with us. I will never 

forget after his three orbital flights he was asked how he felt in this 
blastoff, and he said "How would you feel going 100,000 miles in tlv 
air at something like 1,700 miles an hour and with about 22,000 moving 
parts, all of them made by the lowest bidder?"

I told that to Senator Proxmire, and it didn't move him a bit.
Mr. Carpenter, your fame has preceded you both in space and in 

the ocean depths, and you will make a very valuable contribution.

STATEMENT OF SCOTT CARPENTER, FORMER NASA ASTRONAUT

Mr. CARPENTER. Thank you, Mr. Chairman, and good afternoon. 
You may be pleased to know that I shall attempt to be brief.

Unplanned but referring to your story, one of the reasons we gained 
the ultra reliability of the manned shots, particularly the Atlas and 
Redstone, is that we insisted that the blockhouse for the launch crew 
used for the manned shots be made only of canvas.

Let me begin, if I may, with a brief history of my involvement with 
the ocean. It began academically with Captain Cousteau. I followed 
very carefully everything he wrote and filmed and did in the ocean 
for many years.

My involvement with NASA and my understanding of the ma 
chines and the equipment that are required to support men in space 
made it apparent to me that NASA technology had great transfer po 
tential for exploration of the sea.

After securing permission from Dr. Gilruth at the Manned Space 
craft Center, I visited Captain Cousteau at MIT and asked him if 
there was any interest in my acting as liaison between his "Man-in- 
the-Sea" program and our own "Man-in-Space." He said that that 
might be worthwhile, but if my interest was only in bringing NASA 
technology to the ocean, by far the simpler way to do it was with the 
U.S. Navy program.

I was not aware of it at that time, but it was through that discus 
sion that I finally met Captain George Bond, who is actually the father 
of saturation diving, and has fought a long, tough, uphill battle trying 
to bring to fruition and to some useful purpose his discovery.

I was associated with the Navy's Sea Lab program through Phase 
1, 2, and 3. We had two successes. Sea Lab 3 was an abysmal failure.
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The reasons for that failure are manifold. Those of us in the operating 
arm of the Sea Lab 3 program were frequently called a loose federa 
tion of warring tribes. There was fractional effort by the people who 
were involved and there was fractionated control, authority and 
responsibility.

There were other difficulties we encountered, and I believe through 
that experience, that the military is not geared to support or conduct 
an operation of that type.

The decision was made many years ago to create NASA for the 
manned space program rather than give it to the Air Force. It is in 
my mind axiomatic that if we are to pursue meaningful goals in the 
ocean, that that is analogous to giving whatever mission the Navy has 
in the sea, or in research in the sea, to a separate civilian organization 
which has not only funding, but the interest and set mission.

The most appalling thing to me was the disparity between tech 
nology that is used to support men in space and the technology that 
is used to support men in the sea. Space technology outwits the hostile 
environment. The technology we have for the ocean does not outwit, 
it overpowers with heavy iron. That is the only approach we have 
now, and it is insufficient.

What are some other reasons for this disparity ? We don't have the 
same kind of glory, we have no Sputnik yet in the ocean, we have no 
set mission, we have no competition on an international scale, we have 
no unity on a national scale, and important also is the fact that we 
lack understanding and appropriation for and of the ocean and the 
knowledge and the riches that lie therein.

To a certain extent, I believe that fractionated control and author 
ity and responsibility still exists in Government programs involving 
the ocean.

What is needed? One agency. NOAA, if you like, if it is properly 
structured, led and funded, could guide a very comprehensive national 
oceans program. It needs an operating arm to implement the follow 
ing projects. Man-in-the-Sea is first on my list.

I believe that if we are to understand the moon, we must send men. 
If we are to understand the sea, we must send men as free agents to 
the ocean floor. We need a systems approach to the tools, the habitats, 
and the life support equipment, and it must be designed with the whole 
complex in mind, not just single items. Compatibility of the whole 
complex is vital. NASA has been very effective with the systems ap 
proach. It is needed in the sea.

There is a great deal of deep ocean research we could do. We need 
some nuclear powered submarines for ocean research. Ocean bottom 
surveys are required. We need to map and photograph, sample with 
cores. We need to construct temperature and salinity profiles through 
out the ocean.

We need to have a better understanding of the current structure of 
the sediment transport before W3 can say with any surety that it is 
safe to dispose of some of our waste in the deep ocean. The knowledge 
we gain through this comprehensive study of all the world's ocean 
floors should be made available to all nations.

We need a single agency who can approach salvage. There is much 
of value on the ocean floor, both what we put there and what was there 
before we were around. These techniques should be centrally managed 
and should be made available to all nations.

74-466—72——3
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Marine archeology will benefit from the techniques that can be de 
veloped only for salvage. Fishing methods used in this country are 
absolute. You have head abundant testimony about the sad state of our 
fishing fleet. Our methods are archaic, they are destructive, and we are, 
in effect, raping the benefits the sea can provide us because we, No. 1, 
do not understand how to husband those riches, and No. 2, we really 
seem not to care.

We need an extensive buoy network which will help us monitor the 
weather and one day control the weather. The sky lab program will 
be very effective in this regard.

Food from the sea, both in plant and animal form, is a vital issue 
with today's exploding population. The potential is there if we only 
learn to understand it, protect it, and to utilize it wisely.

I have comments on pollution and dumping which are really re 
dundant since Captain Cousteau's testimony. I will eliminate those.

We have, as I am sure you are aware, legal problems in defining 
boundaries. We cannot even solve our intramural problems among 
States and the national boundaries. This creates difficulty for those 
who wish to work in the sea.

The oil and minerals to be found on the ocean floor are badly 
needed. The energy crisis is well known to you all, and we are going 
to have to go deeper and deeper in order to supply our energy needs, 
but we do not know how.

It may interest you to know that it is said by some that most of the 
riches of the ocean lie on the continental shelves. The continental 
shelves added together comprise a land area roughly equal in size to 
the continent of Africa. The continental shelves are only 600 feet 
away. The continent of Africa is roughly equal in size to the entire 
lunar surface 240,000 miles away.

I would suggest that if the moon were carpeted with diamonds, at 
present at least, we could not bring those riches back. The transporta 
tion costs are too high. Not so for the continental shelves.

In addition, 600 feet goes into 240,000 miles 2 million times. Simple 
arithmetic shows you that this rich area is 2 million times closer than 
the moon.

There is a need to study the proper implementation of nuclear 
powerplants offshore. This is another answer to our energy crisis. 
Studies show that in the year 2000 a substantial increase in the amount 
of our power requirement will be satisfied by nuclear plants. There 
fore, it is necessary for us to study proper siting of these powerplants.

The warm water effluent can be not necessarily a pollutant, it can 
be used to grow food in all forms. But we need to study it.

From the research that is needed in offshore scientific stations, we 
can put together badly needed offshore airports and other offshore 
installations that are of value in our metropolitan areas today.

Last but not least, and I am sure thoroughly understood by you all, 
is the implication better knowledge of the ocean has for our own 
security.

Now, some of these things I have mentioned are facts and some are 
but my beliefs. An arm of this agency that I have proposed is needed 
to study those beliefs and those facts and separate the two, and then 
tell the people what are the facts. That could be a public affairs office 
duty.
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There may be a need for another arm which will not only tell the 
people what is important, but relate to them how this basic research 
can affect their everyday lives, and how it has the potential to en 
hance the standard of living for people all around the world.

I think NASA may have dropped the ball in this regard. We had a 
lot of glory and we had competition, but it was not made sufficiently 
apparent to the people of this country that the end of the space race 
is not to be found on the moon. There is no end. When a number of 
people felt we crossed the finish line by getting to the moon first, the 
popularity declined, and that, in my view, is tragic.

When those of us who have seen the building of our capability to go 
to the moon and back safely, look back 15 years and try to think 
"would that have been a national speculation 15 years ago?" We say, 
"Of course not. We did the impossible." Those of us who were a part of 
that impossible accomplishment came away with blind faith, but a sure 
faith, that basic research is an absolute essential to our survival.

A brief look at the history of scientific inquiry will show that the 
gap in time between the discovery and practical utilization of that dis 
covery is getting shorter and shorter and shorter. I believe it took 400 
years to first use the vacuum productively after it was discovered. The 
time got shorter with the discovery of radiation, then the transistor 
and the laser, and it grows shorter and shorter.

We do not have this pad in time to leave the research to others. We 
must do it ourselves.

I do believe, as the good Captain Cousteau has said, that our sur 
vival depends on the ocean and our knowledge of the ocean. President 
Kennedy, in words similar, said that indeed our survival may well 
depend on the ocean, but in my judgment, the suspicion that the sur 
vival of life on this planet depends on proper care and feeding of the 
ocean and upon intelligent utilization and'protection of ocean re 
sources, is no longer merely a suspicion, but a fact.

Senator ROLLINGS. That is very outstanding. Mr. Carpenter, since 
you have been in space and you know the challenges, how would you 
get us into the ocean ? What one single thing would you recommend ?

Being very familiar, in other words, with the NASA program, do 
you think or suggest that we adopt a NASA approach ?

Mr. CARPENTER. I do indeed, but you know man can accomplish 
anything he can imagine if he is given enough time and money.

Now, we have the time if you can give us the money.
Senator ROLLINGS. Well, what about pollution? I think it is sig 

nificant that we have heard from three expert divers. You eliminated 
it from your comments because it had been covered ve'ry, very dra 
matically by Captain Cousteau.

What about pollution in your experience?
Mr. CARPENTER. I haven't authoritative experience in that as a diver. 

I watch with despair what is happening to life along the shore and 
the potential demise of the pelican, and other life forms. DDT pollu 
tion nas implications that we have not begun to feel.

I can really add nothing more to what Captain Cousteau has said, 
other than my wholehearted support.

Senator ROLLINGS. Senator Stevens?
Senator STEVENS. You mentioned the systems approach, Mr. Car 

penter. Do you think we need a commitment to a goal, such as a com-
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mitment to put a man on the moon, in order to have this systems ap 
proach work in regard to the ocean ?

Mr. CARPENTER. No, sir. I believe a systems approach is required with 
respect to the machinery to get those men to the ocean floor—where 
that is concerned.

I do not know how to take a systems approach to solving the prob 
lem of unifying the people behind this worthwhile work. I would be 
more than happy to be a part of that systems approach. It must in 
volve education of people, and people who will pay for it, but in my, 
judgment, the returns on the investment that needs to be mude in the 
ocean will return tenfold very shortly.

Senator STEVENS. Of course, our major concern is pollution. I share 
your feeling about it. "We just got back, as the Chairman mentioned, 
from a trip to Alaska and Seattle, and found that mercury entering the 
food chain of some of our fisheries has reached a level that the Federal 
Food and Drug people think is at least marginal and in some instances 
excessive, and I wonder if we do not need to define some of these com 
mitments in regard to the ocean the way we did with regard to the 
space program.

Everything was oriented toward the ultimate of putting that man 
on the moon. That was at least a first goal, it was an identifiable goal. 
It seems-to me we have to have an identifiable goal in this program, 
too.

Mr. CARPENTER. Yes, and there are so many, how do you pick the 
most glorious? Maybe populating the floor of the Pacific at 5,000 feet 
for 6 months with a team of 10 men. This can be done, and I think we 
would all be staggered by the value and the amount of meaningful 
scientific information that would be brought back.

Senator STEVENS. I think you are right. Thank you.
Senator HOLLINGS. Mr. Shipley?
Mr. SHIPLEY. No questions, Senator. I would just like to say this, 

Mr. Carpenter, that your thoughts with regards to how NASA may 
have failed in setting up their program as far as the time and money 
involved, there is no question that the majority of the people in the 
world felt that the final goal was putting man on the moon.

In your testimony I suspect that you are attempting to reaffirm what 
most of them believe, that as we.go into the ocean that we should not 
set any particular objectives, but tackle the problem as a series of 
whole problems and to take our time so that we will not make the same 
mistakes that I frankly feel we have made in our space program.

Mr. CARPENTER. Yes, I think that is one answer. I think NASA tried 
very hard to do the job, but may have failed in making the taxpayer 
understand how does this moon program benefit his everyday life. We 
will continue to reap benefits from what we have learned in getting to 
the moon for hundreds of years. We will get spin-offs. But the people 
who say "of what value are those moon rocks to me," miss the issue.

It is not what we bring back in terms of rocks. It is what we will 
benefit, not from getting there and back, but from learning how to 
get there and back.

Mr. SHIPLEY. I agree with you very much. We have to be cautious, 
I think, how we set this up or otherwise we are going to defeat our 
purpose. That is all.

Senator HOLLINGS. Mr. Dingell ?
Mr. DINGELL. Thank you, Senator.
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Mr. Carpenter, I always become apprehensive when someone talks 
about setting up one agency to do one thing. I have had, some par 
ticularly, bad experiences with NOAA, with NASA, with AEG, and 
almost every other single mission agency, because they generally tend 
to get their promotion hat mixed with their control hat, and usually 
when they have the two hats to choose from, they will choose the 
promotion hat.

We see it, for example, in the CAB, the ICC, and the FPC. They 
are busy promoting but not busy controlling. I was very much com 
forted when* you got around to the question of the control of pollution 
and the protection of the environment and consideration of the 
environmental concerns.

I wonder if you would like to address yourself to the mission and 
responsibilities of the agencies that you discussed and how you would 
see to it that it would consider not only the professional aspects and 
the research aspects, but what would be its responsibilities with 
regard to protection of environmental values, prevention of pollution 
and matters of that sort ?

Mr. CARPENTER. I see. First, Mr. Dingell, let me say that I realize 
what you say is true about the difficulties that you encounter where 
one agency has total control. I have been personally much more 
plagued by fractionated effort and no central authority.

Clearly there must be a compromise between the two extremes. And 
how you would arrive at that compromise, I leave that up to the legis 
lators. That is not my forte.

I believe that Captain Cousteau's idea of involving the 17 nations 
as it touched on Sky Lab is an extremely fine idea, but that is on the 
international scene.

On the national scene, I think the organization should be structured 
as NASA is structured, but with controls that you can legislate into 
the formation or the other structure of the organization that will take 
care of the problems that you have encountered in the past.

Mr. DINGELL. I have not been very successful in achieving these 
kinds of programs with any of the agencies we are discussing. We 
are finally beginning to get them in line, but it has been an arduous 
and long fight.

Thank you very much.
Senator ROLLINGS. Mr. Carpenter, you made a tremendous con 

tribution to us today, and we appreciate the special effort that you 
made in joining us to testify.

Thank you very much.
Mr. CARPENTER. Thank you, sir.
Senator ROLLINGS. We will now hear from Mr. Christian Herter 

who is the Special Assistant to the Secretary of State for Environ 
mental Affairs.

As we all know, in 1972, the United Nations Conference on Human 
Environment will be held in June in Stockholm. Mr. Herter is pre 
paring the United States for its participation.

While we have had deep sea divers, Mr. Herter here has been in the 
deep sea legally and internationally for us, and has got the best 
knowledge on this score. We have many ambassadors who reported in 
earlier to join in this conference. We only wish we had time that they 
could ask questions.

But with that cold word, we welcome you here.
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STATEMENT OF CHRISTIAN A. HERTER, JR., SPECIAL ASSISTANT 
TO THE SECRETARY OP STATE FOR ENVIRONMENTAL AFFAIRS

Mr. HERTER. Thank you very much, Mr. Chairman. I am delighted 
'to be here and included among such a distinguished group of 
witnesses.

Unfortunately, I have no formal statement, but if the committee 
would like me to submit one at a later time, I would be delighted to 
do so.

My understanding is that you would like to hear from me on the 
preparations for the Stockholm Conference, particularly as they deal 
with the subject of ocean pollution.

You may recall, Mr. Chairman, that at the very beginning of the 
preparations for Stockholm, the Secretary General decided that the 
only way we could possibly get through any kind of an agenda at 
Stockholm, there being at that projectedmeeting some 130 countries— 
I can't tell you the number of items that have been suggested for dis 
cussion at Stockholm—that the action plan of the Conference should 
be divided into really three levels. The first is what you might call 
Level 1, an intellectual overlay which is now being prepared with the 
help of a great many experts throughout the world, which in a sense 
is a state-of-the-world environment, not unlike the national reports 
to the Council on Environmental Quality, This will be available to 
all countries well in advance of Stockholm.

Secondly, the so-called Level 2 action—there is a relevance to this 
which I will come to immediately in terms of ocean pollution—for 
those actions that would not be taken at Stockholm but preliminary 
work would be undertaken and Stockholm might call on a conven 
tion, an international agreement, a specialized agency or some other 
body of the U.N. to take the subsidiary action but Stockholm wouldn't 
take it. I think most of the proposals for action that have come before 
.the preparatory committees are of this nature.

The third level, Level 3, is the level of action proposals that could 
actually be accomplished at Stockholm or in advance of Stockholm 
with the final signing, the final action taking place at the Conference 
itself.

Now, during the course of the rather endless debates that have taken 
place in preparation for Stockholm, the first two preparatory com 
mittee meetings, and there have now been three, emphasized and 
focused on what kinds of areas did the world think were important 
from the point of view of action in Stockholm, and I have attended 
all these meetings, and by far the greatest unanimity has come out on 
the subject of protection of the marine environment. Almost every 
country has mentioned this as what they would consider their number 
one priority.

As a result, at Prep Comm 2, it was decided that certainly the 
marine environment should constitute one of the subjects on which 
hopefully action could be taken in Stockholm, and five international 
working groups were set iip at that particular Prep Comm for the 
purposes of pursuing particular areas in which it was hoped action 
could be undertaken.

One was marine pollution; one was monitoring, all forms of moni 
toring; one was on the declaration, and there are many problems on 
that, this is a declaration of principles; one on soils, and one on con-



35

serration. I think it was generally felt these were the five areas in 
which the preliminary work could be done in advance of Stockholm 
so that we could take action at Stockholm.

The international working group on marine pollution had its first 
meeting in London early in June. Some 33 nations were represented. 
There was an agenda but no one had time to really think it through 
very completely. The meeting focused in two areas. One, a draft con 
vention on ocean dumping submitted by the United States, and the 
second was a discussion in some detail of regional arrangements, that 
is, the North Sea, the Mediterranean, the Black Sea, whatever it might 
be, regional arrangements for dealing with essentially marine 
pollution.

Now, as I say, th United States did submit a draft convention on 
ocean dumping, modeled for the most part along the lines of the do 
mestic legislation that has been submitted by the executive branch 
and the legislation Congressman Dingell referred to earlier. It was 
really the subject of the first international working group meeting. 
It was at least a piece of paper on which people could focus. Countries 
were asked in the ensuing months to make comments on this draft 
from their own national viewpoints. This they did, and the United 
States then at the third preparatory meeting in September submitted 
purely for consideration a second draft of this ocean dumping con 
vention which draft will be fully discussed at the second meeting of 
the international working group on marine pollution which, Mr. 
Chairman, is taking place in Montreal—no, in Ottawa, forgive me— 
between the 8th and 12th of November.

By and large, the reception of the draft ocean dumping convention 
that we tabled has been very good, although as time has gone along, 
people are seeing problems in it. I suppose this is inevitable. Essen 
tially what this does, it calls on nations by agreement to set up a per 
mit system like the domestic legislation. This isn't suppose to answer 
all the questions of ocean pollution by any manner of means, but it 
begins to deal with a small facet of it, that is, transportation of wastes, 
be they toxic or otherwise, from land to the sea and the dumping of 
them.

It was not felt in London that at this point it was possible to deal 
with what you might call coastal and estaurine pollution because there 
are enormously complicated problems involving jurisdictional 
boundaries and all sorts of things, and as you are fully aware, the so- 
called law of the sea conference is designed to deal with these prob 
lems of territorial jurisdiction. The problem is a very complicated one 
anyway. When you have an outfall that extends well beyond your own 
territorial boundaries, whose responsibility does it become then?

It was felt if we can get anything done at Stockholm at all, let's 
keep it fairly simple, it may not be the world's most meaningful thing, 
but at least it is a start. It is for this reason that we did draft, based 
on the domestic legislation, this particular convention. As I say, 
Ottawa in November will be the second "Look-See" at this convention.

I might just read very briefly to you the three agenda items that 
will be on this international working group meeting in Ottawa:

"General _ guidelines and principles for the preservation of the 
marine environment."

This is something that a number of countries, but particularly 
Canada, have been extremely concerned about. They have already
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tabled, as a matter of fact, and sent around to countries a draft of 
what they would consider general principles on general guidelines. 
We thoroughly favor these provided they* are at this point guidelines,, 
because again the minute you get into principles and the responsibili 
ties of States, you are getting into what is essentially the jurisdiction 
of the law of the sea conference.

"Secondly, the constituent elements of a global plan, global 
approaches at the regional level," essentially a technical subject,, 
where do the pollutants start, what are their concentrations, et cetera, 
on which there is a good deal of scientific knowledge at the present 
time.

The third item on the agenda, we hope the one that will be focused
•111 I 1 *l I* I ^^ I * t * T" 1 1 * 1 1 T

important to establish general principle 
very important to have both. If we can get agreement on general 
principles, so much the better, but these tend to be very difficult areas 
in which to get multicountry agreement, international agreement. We 
are hoping and still are confident that by the time of Stockholm we 
will have all the elements of an ocean dumping convention fulty 
agreed to so that Stockholm will constitute the official act of signir/g, 
and the delegations there will have plenipotentiary powers to sigh 
such a convention which then would be sent to countries for 
ratification.

I think with this brief summary, Mr. Chairman, I will end my 
formal testimony. I am sure you are going to ask me what are the 
real expectations on getting a convention signed, and I think I would 
say they are still pretty good.

Senator JEToLLiNos. That is very encouraging, Mr. Herter. I well 
recognized in the initial part of your statement that all the countries 
would give number one priority to the marine environment, and then 
what would they do about it, and this is very encouraging to have your 
judgment that they would be prepared to sign a convention at that 
meeting and that just wouldn't be a conference in Stockholm next 
June merely to discuss it further. You think there will be a meaning 
ful convention entered into" on next June—but how many nations 
would you think?

Mr. HERTER. Well, Mr. Chairman, I am going to have to hedge my 
statement by saying this is certainly our hope and we have every 
expectation that in fact a fairly limited convention of that type I 
described on ocean dumping will in fact be signed. Undoubtedly there 
is going to have to be another meeting or two of the international 
working group on marine pollution to work out the details, but thus 
far it is our feeling that at least a significant number of coastal nations 
will in fact sign. Not all the world will sign, not all the world will 
agree, but if we can get signatures enough to establish a convention, a 
convention then can be open to signature by other countries.

We are still feeling optimistic with this.
, Senator ROLLINGS. The idea was extended earlier that perhaps what 

we ought to do is to try to get at least the 14 to 18 more polluting 
nations—there are about 14 to 18 nations that comprise 83 percent of 
the pollution—that we ought to try to get them together.
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In accordance, then, with what you are saying, you don't think that 
•an attempt of that kind would be divisive or hurt in any fashion what 
is being done at the U.K".^ do you ?

Mr. HERTER. Sir, I think as a practical matter if you take an inter 
national working group composed of 33 nations, among them are all 
the major polluting maritime nations, there should be no problem with 
an overall U.N. effort.

I might say, Mr. Chairman, there is one thing I forgot to mention 
which is very important in this whole process: that is the establish 
ment of Senator Baker's advisory committee to the Secretary of State. 
It is one way we have, if you like, of getting out to the public. There are 
representatives on this committee [he can speak to it, I am sure], from 
various sectors of the country concerned with the environment, con 
servation groups, industries, the universities, special groups such as 
the League of Women Voters, et cetera, who are very vocal and very 
concerned. Senator Baker did conduct a public hearing in Miami on 
the first draft of our convention on ocean dumping in which a number 
of expert witnesses were invited and on which there was a great deal 
of comment, and very interesting comment, most of which I would say 
went to the fact that the convention didn't go far enough.

Of course, it doesn't go far enough. We are fully aware of this. Our 
great worry is that if it goes too far, some countries will not be willing 
to accept it at this point.

Senator ROLLINGS. Senator Stevens.
Senator STEVENS. I am very happy to see my old friend here today 

and to have this very optimist! report.
Mr. HERTER. Senator, I hope x can justify the optimism.
At the third Prep Comm you could begin to see reservations on an 

ocean dumping convention building in certain countries, but by and 
large my feeling is that particularly the major polluting nations are 
very anxious—including the Russians—very anxious to commence 
with an international convention, and there is no question that in this 
whole problem, ocean dumping is a small part, and it will, of course, 
be extended. In 1973 you have a convention of the international mari 
time consultants organization which deals with shipping and will have 
on its agenda a resolution passed by NATO with respect to oil pollu 
tion of the sea. In addition to tanker standards and navigation and 
that kind of thing.

In the same year there is supposed to take place the law of the sea 
conference. The big problem is what part of the whole problem should 
Stockholm adopt, and Stockholm at least thus far is focusing on pollu 
tion from the land.

Senator STEVENS. Thank you.
Senator ROLLINGS. If nothing else, the Stockholm Conference will 

commence the education process that Captain Cousteau testified to.
Senator Baker.
Senator BAKER. Mr. Chairman, thank you very much.
It is a pleasure for me, after having once served on this distinguished 

subcommittee, to return now as a guest and as a member of the full 
committee.

I just want to commend Secretary Herter for an outstanding job as 
Assistant Secretarj' for Environmental Affairs. You have done a very
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difficult job very well indeed, and I am proud of the appearance that 
you have given on behalf of the United States in this field to the other 
countries involved in the preparation for Stockholm.

I am very interested to see the second draft of the ocean dumping 
treaty that the United States will table at Ottawa. As you know and 
as you mentioned, our public hearings created a good bit of energy, 
and one of our advisory committee members I understand will be at 
Ottawa, Dr. McDonald.

I would say, Mr. Chairman, that I have no questions except to use 
this opportunity to say that preparation of the American position for 
Stockholm is in very capable hands and that Secretary Herter has 
conducted himself in a very capable way.

Thank you very much.
Senator ROLLINGS. When that second draft on the ocean convention 

is finalized, will you furnish our committee with it?
Mr. HERTER. Absolutely, sir. As a matter of fact, we have it now. 

We would be delighted to furnish you a copy of it. I am surprised it is 
not here.

Senator ROLLINGS. We appreciate very much your appearing this 
morning.

Thank you very much.
The committee will be in recess until its next meeting on Novem 

ber 8.
(Whereupon, at 1 p.m., the subcommittee was recessed, to recon 

vene on Monday, November 8,1971.)



INTERNATIONAL CONFERENCE ON OCEAN
POLLUTION

MONDAY, NOVEMBER 8, 1971

U.S. SENATE, 
COMMITTEE ON COMMERCE, 

SUBCOMMITTEE ON OCEANS AND ATMOSPHERE,
Washington, D.O.

The subcommittee met, at 10 a.m., in room 5110, New Senate 
Office Building, Hon. Ernest F. Rollings, (chairman of the subcom 
mittee) presiding.

Present: Senators Magnuson (chairman of the committee), Pastore, 
Rollings, Cook, Hatfield, and Stevens.

Also present: Representatives Alton Lennon and John D. Dingell.

OPENING STATEMENT BY THE CHAIRMAN

Senator ROLLINGS. Ladies and gentlemen, the committee will come 
to order.

I want to welcome our distinguished chairman, Senator Magnuson, 
and the other members of the subcommittee, Senator Pastore, Senator 
Hatfield, and Senator Cook. Plus I think we will have momentarily 
some visiting members from the House, the chairman of the House 
Subcommittee on Oceanography, Mr. Lennon, and Mr. John Dingell, 
chairman of the Subcommittee on Fisheries and Wildlife Conser 
vation.

We convene today the second session of the International Confer 
ence on Ocean Pollution. As we meet, the destruction of the oceans 
continues. Not only does it continue, it accelerates.

We convene today the second session of the International Con 
ference on Ocean Pollution. As we meet, the destruction of the oceans 
continues. Not only does it continue—it accelerates.

During the first session of the conference—last month—Captain 
Jacques Cousteau reported that in the past 20 years alone we have 
inflicted 30 to 50 percent damage to the life of the seas. And when I 
asked him what the result will be if we continue our present ways, he 
replied—"I think if nothing was done today, maybe 30,40, or 50 years 
would be the end of everything." Other experts concur. They know 
full well that the Mediterranean has a death sentence hanging over it. 
That the Atlantic, the Pacific, the Black Sea, the Red Sea, and the 
Baltic are all in danger of destruction. It takes no expert knowledge to 
know that if the sea goes—man goes, too. Those who would carelessly . 
sentence the oceans to death can offer no reprieve to man. Nature plays 
no favorites.

(39)
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Long ago, man set out to harness the forces of nature. Within a span 
of two centuries, he gathered unto himself infinitely more power than 
all his ancestors put together. Man fought nature—and in many re 
spects he conquered. But now we know that if we are to survive—if 
the planet is to maintain the delicate balances neccessary to sustain 
life—we must look anew at nature. Not as an enemy to be suppressed— 
but ,s an ultimate benefactor. Not as a garbage dump for man's 
wastes—but as our only hope of clean air, pure water, and healthy life.

The summons of today is to join with nature. To protect it. Because 
in protecting it, we save ourselves. It is as simple as that.

The challenge of the oceans is, in the final analysis, the challenge of 
human survival.

But the challenge has adde.d dimensions. The seven seas contain 
enormous resources for the betterment of our lives. They harbor the 
promise of food. Of jobs. Mineral and petroleum resources. Entertain 
ment and recreation. They offer to mankind untold new dimensions of 
life and opportunity—compared to which the results of space explora 
tion pale. Scott Carpenter told this conference that if the moon was 
carpeted^with diamonds, its promise could not match the potential of 
the continental shelves. And yet the exploitation and pollution of 
those same continental shelves is turning cornucopia into a graveyard.

If the United States were to suddenly come forward with a well- 
planned and lavishly financed program for national action to save the 
oceans, the oceans would nevertheless perish—maybe a few months 
later. We are faced not with a national problem, but an international 
one. Unless the nations concerned combine to put an end to ocean 
abuse, the abuse will write finis to us all.

This Second International Conference on Ocean Pollution is dedi 
cated to putting people on the alert. Everyone talks a lot about ecol 
ogy—and, yes—we even join cleanup brigades once every year or so 
to pick up empty beer cans off the highway shoulder. But we lack a 
sense of environment priorities. Brigade-size attacks on the flank of 
the problem might help some, but we need much more a full-scale as 
sault on the heart of the problem. A sound oceans program will pro 
vide just that.

Today we have with us three speakers who bring with them a wealth 
, of experience and information.

Dr. Thor Heyerdahl startled the world by demonstrating that the 
early natives of South America could have crossed the Pacific on 
balsa rafts. His famed trip aboard Kon-Tiki shattered some fondly 
held theories on the migrations of peoples into the,islands of the 
southwest Pacific. His more recent expeditions on Ra and Ba II 
showed that the early Egyptians might have crossed the Atlantic to 
the Americas—and done it in papyrus boats. Because of Dr. Heyer- 
dahl's work, scholars have had to reshape some of their earlier think 
ing, just as we must reshape our thinking about our'use of the oceans.

Along with our distinguished majority leader, Senator Mansfield, 
we had the pleasure of visiting in Oslo, and one of the highlights 
thero was to see the Kon-Tiki itself.

Dr. Heyerdahl has finished his most recent edition of his expedi 
tions, and we want him this morning to sum up that book.

One of the foremost environmentalists in the world, Dr. Barry 
Commoner, is also with us today. Dr. Commoner is in the forefront
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arguing that we must reshape our economic life if we are to support 
life itself. Salvaging the oceans portends a massive restructuring of 
productive technology and economic activity in the advanced indus 
trial nations, and a reshaping of development goals in the less tech 
nologically advanced countries. Dr. Commoner will help us focus on 
environmental and economic issues in the fight against environmental 
pollution as he has recently done in his excellent book, The Closing 
Circle.

Our final speaker is a communicator and he is an author, too: Yours 
Truly in 1960, and Rings Around Tomorrow in 1970, but we know him 
best as, the host of television's Today show. Hugh Downs is at home on 
the seas, as a sailor and diver, as most of us are on land. And lie shares 
a deeply felt commitment to act to reverse the destructive trends of 
contemporary society. He has helped to educate the public through 
his television interviews. Today we reverse roles and welcome him as 
a speaker. He brings a special insight into the public's willingness to 
assume the cost of environmental remedial steps, the bold leadership 
that government must provide, and the role of his own profession in 
helping to bring such remedies about.

Unless there are any comments, Mr. Chairman, we will start in with 
Dr. Heyerdahl.

The CHAIRMAN. Well, Mr. Chairman, I appreciate the opportunity 
to be here today. I hope the panel will understand and excuse about 
three of us in a few moments, because we have a very important bill 
out of this committee on the floor of the Senate, the warranty and 
guaranty bill, which is going to be worked on today.

I merely want to say that I appreciate being here and I appreciate 
the leadership of the Senator from South Carolina, who has taken 
hold of our Subcommittee on Oceans and Atmosphere and all of the 
problems involved.

This committee, I want to tell the panel, has long been interested in 
this matter. We passed some of the first oceanographic bills, including 
the establishing of the famous Stratton Commission.

The Senator from Rhode Island and I gradually discovered that 
American technology was such that we are ending up now knowing 
more about the backside of the moon than we do about three quarters 
of the earth's surface. We would like to level that off a little bit. We 
would like to level it off with Government support, which ,ve have 
been fairly successful in moving upward in the past 8 or 9 years. It 
was practically nothing to begin with.

We found oceanography in the realms of some 26 departments in 
this Government. And we would like to consolidate that and do a job 
on it.

So we deeply appreciate all of you being here. We are moving for 
ward, but it is only with the dedication of members of this committee 
and people like yourself that we can put the whole field of oceanog 
raphy, which includes ocean pollution, in perspective. I am particu 
larly interested in the fish problem. Seafood is going to have to be a 
big source of our protein supply in the future.

We have to watch it and all of the other threatened species of ma 
rine life. So we are deeply appreciative of all of the help you have 
given us.
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Now on the lighter side, I am glad that my fellow Norwegian is 
here, and if he can prove that some other people showed up in America 
long before a couple of other people, you might stop a friendly rivalry 
that goes on between the Senator from Rhode Island, and myself 
around October. 

Senator PASTORE. I still vote for Columbus.
The CHAIRMAN. Yes. Maybe we will both have to have just a big day 

for everyone who has done a job on the oceans. So if you will excuse 
me, to get back to the floor on a very important bill, Mr. Chairman, I 
deeply appreciate your hearings and the type of people that have been 
interested in this matter. And the hope is, without any criticism of 
the space program at all, that we can put the priorities where they 
belong, because three quarters of the earth's surface is our ocean.

As the Chairman pointed out it is our future.
Thank you very much.
Senator HOLDINGS. Thank you very much, Senator Magnuson.
It may be pointed out that when we sought Dr. Heyerdahl, we 

found him in Italy.
Senator Pastore?
Senator PASTORE. I haven't much to add, but I think while this may 

be an aside to our discussions today, I think it is what we are trying 
to get at. I visited a base in Sicily only a month or so ago and they 
fed us fish for lunch. I inquired if this fish came out of the Medi 
terranean, and they said, "No, this is imported, we don't eat fish 
out of the Mediterranean, because of hepatitis."

Now if we are getting down to that stage of what is happening 
to the water, and what is going to happen to our food, I think we 
are fast reaching a very perilous state in human society. And I think 
something needs to be done, and now is the time to do it. I am so 
happy to be at these hearings, and to have this distinguished company 
before us.

Senator ROLLINGS. Thank you, sir.
Senator Cook?
Senator COOK. I really want to hear the witnesses, Mr. Chairman.
Senator ROLLINGS. Senator Hatfield?
Senator HATFIELD. I have nothing.
Senator ROLLINGS. Good.
We have just reported out the ocean pollution bill and that is why 

we are running a little late, and we want to welcome the distinguished 
chairman, Mr. Lennon, to the committee's hearings.

You have any comments you want to make at this time?
Mr. LENNON. I think I would be listening today rather than talk 

ing..
Senator ROLLINGS. Good.
Mr. Heyerdahl, you may proceed.
(The biographical sketch follows:)

BIOGRAPHICAL SKETCH OF THOE HEYERDAHL
Born October 6, J.914 in Larvik, Norway, the only child of Thor and Alison 

Heyerdahl. His mother was head of the local city museum and she interested 
Thor in zoology and anthropology. His father was a bank president and brewer.

Attended, the University of Oflo, specializing in zoology and anthropology. His 
university department sponsored his first etvpedition to Polynesia in 19S7-S8.

Thor Heyerdahl and his wife, Liv, lived in Tahiti like original Polynesians. 
They were adopted ly the supreme Polynesian chief of Tahiti, Teriieroo, in
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1937. While there, Heyerdahl did research on the transoceanic origins of the 
local island life. He began to doubt all past theories of human and animal 
migrations set down, by noted scientists.

He left Polynesia in 1938 to begin extensive research in libraries and museums 
in the United States, Europe and Canada, with the objective of testing the many 
contradictory theories on the origins of Polynesian race and culture.

Heyerdahl published in 1941 his theory that Polynesia had been reached by 
two successive waves of Immigrants from Peru and British Columbia. Attested 
that the peoples had reached Easter Island and other areas of Polynesia by 
balsu rafta, carried westward by the tradewinds and the Humboldt Current. 
Interrupted by the Nazi invasion of Norway, Heyerdahl temporarily abandoned 
his research and volunteered for the Free Norweigan Forces. Involved in the 
Free Norweigan Forces until 1945.

Thor resumed his research in 1945 but was met with great resistance by those 
who believed that a balsa raft would absorb water and sink. Accordingly, the 
theory that Peruvians reached Polynesia was held untenable for practical 
purposes.

Heyerdahl, confident of his theory, built a balsa raft, named it Kon-Tikt in 
honor of a legendary pre-Inca sun-king, and left Callao, Peru in 1947.101 days 
later crossing 4300 miles—Heyerdahl and Ms crew landed safely on the Raroia 
atoll. His theory that Peruvians migrated to Polynesia on balsa rafts was 
validated.

In 1952 Heyerdahl, with financial means secured from books and film on 
Kon-Tiki, organized and led the Nonveigan Archaeological Expedition to the 
Oalapogos Islands, waterless and uninhabited until discovered by the Europeans. 
Proof of early pre-Inca products on the island established South American 
archaeology far into the open Pacific.

In 1955 Heyerdahl led another expedition to Easter Island under the auspices 
of Olav of Norway. Sub-surface archaeology had never been attempted on Easter 
Island. It was discovered that the island had been occcupied 1,000 years earlier 
than heretofore assumed by scientists. The expedition, which took a year, un 
covered the largest man-made structure in. Polynesia.

In later years, Heyerdahl became interested in the American-Polynesian reed- 
boats. Scientists had deemed reed-boats impossible for an ocean voyage as papy 
rus loses buoyancy in less than two weeks, and, furthermore, deteriorates in 
sea water. In 1969 he bought 12 tons of papyrus in Ethiopia and had a reed- 
boat built in Egypt. The Chad Boatbuilders followed the drawings of mural 
paintings from the ancient Nile Valley as blueprints. The boat was named RA, in 
honor of the sun-God and the sun itself. It was launched at the old Phoenician 
boat of Safi on the Atlantic coast of Morocco. The seven crew members rep 
resented seven nations. After sailing 2,700 nautical miles, the RA (I) was forced 
to lower its sail one week short of completion.

Ten months later, Heyerdahl tried again with the RA (II), building the boat 
ten feet shorter. RA II was successful in its voyage and proved that pre- 
Colum-bus vessels could have reached tropic America.
Some awards and honors:

International Congress of Americanists
Pacific Science Congress
International Congress «f Anthropology and Ethnology
New York Academy of Sciences
Rotary International
Honorary Doctorate, University of Oslo
Geographical Societies of Norway, Peru, Brazil, Belgium, Sweden, France
Lomonosv Medal, Moscow University
Lions International
Retains Medal, Swedish Society for Anthropology and Geography
Mungo Park Medal, Royal Scottish Geographical Society
L'Oscar Internationale del Mare, Pegli
Polena della Brawura, San Remo

Some books:
Kon-Tiki (translated into 64 languages); Academy Award Oscar for best 
documentary in 1951; Academy of Motion Pictures Arts and Sciences Award 
in 1952; Oslo, 148
American Indians in the Pacific; The Theory Behind the Kon-Tiki Expedi 
tion, Stockholm, London, Chicago, 1952.
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Aku-Aku: The Secret of Easter Island, Oslo, 1957, Rand McNally & Co., U.S.. 
Vanished Civilizations, London, 1963. 
Sea Routes to Polynesia, Vienna, London, Chicago, 1967. 
The Ra Expeditions, Oslo, 1970; United States 1971. 

Present activities:
Dr. Heyerdahl is a board member of the Kon-Tiki Museum in Oslo, which he- 

founded with his Kon-Tiki expedition friend, Knut Haugland, director of the- 
Museum. The entire proceeds from the Museum, the most frequented in Norway, 
go to a fund for students.

Heyerdahl is also a Vice-president in the World Association of World Fed 
eralists, participating in various congresses and organizations working for in 
ternational understanding and cooperation, as well as for protection of nature 
and international efforts against pollution.

In 1958, Heyerdahl moved his working base from Oslo to a small and nearly 
abandoned medieval hilltop on the Mediterranean coast of northern Italy. Here 
he has settled with his Norweigan wife, Yvonne and his three daughters, Anette, 
Marian and Elisabeth. He has two grown sons, Thor and Bjorn, by his first 
marriage.

STATEMENT OF DR. THOR HEYERDAHL

Dr. HEYERDAHL. Distinguished Senators, ladies and gentlemen: 
There are times when an observation is made by someone who is 
looking for something else. This was the case when the present speaker 
experimented with prehistoric types of watercraft to travel back into 
man's past, and yet stumbled upon three practical observations which 
have a bearing upon man's future: (1) The ocean is not endless; (2) 
There is no such thing as territorial waters for more than days at a 
time; (3) Pollution caused by man has already reached the farthest 
section of the world ocean.

It may seem superfluous to state that the ocean is not endless, some 
thing the world has known since Columbus crossed the Atlantic in 
1492. Yet I dare insist that this fact has not sufficiently penetrated our 
minds, we all subconsciously act as if the ocean has horizons running 
into the endless blue sky. When we build our city sewers in pipes far 
enough into the sea. when we dump poisonous refuse outside territorial 
borders, we feel we dispose of it forever in a boundless abyss. We have 
known for centuries that our planet has no edges and that the oceans 
interlock in a never-ending curve around the world, but perhaps it is 
this uninterrupted curve that gives us the feeling of endlessness, this 
feeling that the ocean somehow continues to curve into space. From all 
continents we keep on sending our refuse into the presumably endless 
ocean almost with the impression that we send it away into space. 
Earely do we stop and think of the fact that the ocean is nothing but 
a very big lake, landlocked if we go far enough in any direction. Other 
than being the largest body of water on earth, its main distinction 
from other lakes is that they usually have an outlet to carry away 
excessive natural solutions and pollution, whereas the ocean Has none. 
Through a worldwide, nonstop flow, all the excess, waste, and refuse 
that run from lakes and land assemble in the ocean, and only clean 
water evaporates back into the atmosphere. There were days not far 
back when our ancestors would laugh at the idea that man could 
polluate and kill a lake so big that nobody could see across it. Today 
Lake Erie is only one of a long series of lakes destroyed by man in 
the most different parts of the world. Place 10 Lake Eries end to end 
and they span the ocean from Africa to America. True, the ocean is
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deeper than any lake, but we all know that due to photosynthesis the 
bulk of life is restricted to the thin upper layer, and we also know that 
an estimated 90 percent of all marine life happens to be on the con 
tinental shelves _ which represent only 10 percent of the total ocean 
area. Add to this that if half a dozen towns send their refuse into 
Lake Erie, all the cities, all the farmlands, all the rivers and ships of 
the world channel their refuse into the ocean, directly or in a round 
about way. No wonder, then, that a time has come when even the world 
ocean has begun to become visibly polluted.

This discovery, which was first forced upon me while drifting at 
surface level in the mid-Atlantic in 1969, helped to open my own eyes 
to the fact that the ocean has its limits, and the closer one gets to 
know it the more easily this can be perceived. When we rush across 
it with engine-driven craft we feel that it is thanks to the modem 
traveling speed that the continents seem to be not so immensely far 
apart. But when you place yourself on a primitive raft and find that, 
entirely without engine or modern means of propulsion, you drift 
across the largest oceans in a matter of weeks, then you realize that 
you made it, not because of modern technique but quite simply because 
the ocean is not at all endless.

With a speed slightly faster than that of average surface pollution, 
I crossed the Pacific from South America to Polynesia on nine balsa 
logs in 1947, and, on bundles of reeds, from Africa to the Caribbean 
Islands almost twice within a year in 1969-70. Each of these oversea 
voyages on an aboriginal type of watercraft was intended as an eye 
opener for fellow -anthropologists who, like the average layman, have 
retained the universal concept of the ocean as an endless waste, un- 
surmountable by pre-Columbian craft because of its boundless dimen 
sions. This concept is wrong, and we run the risk of harming ourselves 
dearly unless we abandon this medieval concept of the endless sea and 
accept the fact that the ocean itself is nothing more tHan a big, salt 
lake, limited in extent and vulnerable as all the smaller bodies of 
water.

A second dangerous illusion equally hard-die is the image of terri 
torial water. We draw a line parallel to the coast, 3 miles, 10 miles, or 
a 100 miles off shore, and declare the inside as territorial water. There 
is no such thing as territorial water, the ocean is in constant motion, 
like the air. We can draw a line on the ocean floor and lay claims to 
the static land on the bottom, but the body of water above it is as 
independent of the map as is the atmosphere above dry land: wind 
and currents disregard any national borderlines. Refuse dumped in 
side Peruvian territorial waters equals refuse dumped around the 
shores of Polynesia; refuse dumped inside Moroccan territorial waters 
equals refuse dumped in the Caribbean Sea. Any liquid piped into the 
port of Safi in Morocco, and any buoyant material dumped outside 
the local breakwaters just where our papyrus bundle-boat was let 
adrift, will run along as on a river straight to tropic America where 
some will wash against the beaches and some will move on up along 
the East Coast of the United States. Moroccan territorial waters in a 
matter of weeks or months become American territorial waters, with 
all the good and evil this may involve. The salt sea is a common 
human heritage, we can divide the ocean floor between us, but we shall

74-466—72——4
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forever be deemed to share the common water which rotates like soup 
in a boiling kettle: the spices one nation puts in will be tasted by all 
the consumers.

Only when we abandon the almost superstitious awe for the im 
mensity of the sea, and the misconception of coastal water as a stag 
nant body, can we fully understand what is happening when visible 
pollution is scattered the full length of the North Atlantic surface 
current which flows perpetually from northwest Africa to tropical 
America. This entire span of the ocean, from continent to continent, 
contain among other modern refuse an immeasurable quantity of 
small drifting oil clots. They were accidentally noticed during the 
crossing with the papyrus raft-ship Ra I in 1969 and deliberately 
surveyed and sampled the next year during the crossing with Ra IL

In fact, in organizing our marine experiment with the first papy 
rus vessel ever to be tested at sea in modern times, our expedition group 
was initially unprepared for pollution studies. The objectives of the 
enterprise were to investigate the sea-going abilities and geographical 
range of the oldest type of watercraft used by man's earliest civiliza 
tions in the Mediterranean world as ^rell as in Mexico and Peru, 
and furthermore to test the effects of multinational cooperation in 
cramped quarters and under stress. We were seven men from seven 
nations on Ra I and eight from eight nations on Ra II. At sea, how 
ever, early in the voyage of Ra I, pollution observations were forced 
upon all the expedition members by its conspicuous presence and 
undoubtedly also because, of our own proximity to the ocean surface 
with a slow progress through the water.

Departing from the Moroccan port of Safi on the northwest coast 
of Africa on May 25th, 1969, the seven men on board Ra I became 
aware of traveling in polluted water for the first time on June 6th, 
at 24°38' N., and ir°06/ W., or about a 100 miles (160 km.) off the 
coast of Mauritania. The sea was now rolling calmly and we noticed 
the surface to be densely scattered with brownish to pitch-black 
lumps of asphalt-like material as big as gravel and floating at close 
intervals on and just below the surface. The clots were drifting with 
the surface current in our direction, but benefiting more from the 
traclewinds we moved considerably faster, averaging a speed of about 
2 to 2.5 knots.

The local current sped is about 0.5 knots. Knowing that our reed 
vessel was near the circum-African shipping lane, we climbed the 
mast and began to scout for ships, being convinced that we had en 
tered the wake of some nearby oil tanker that had just cleaned its 
tanks. No ship was seen.

On June 8th, having advanced about a 100 miles farther to the 
southwest, we found ourselves again sailing through similarly pol 
luted water, still without any ship in sight. The following day we 
sailed into an area of the ocean where the same flotsam included 
pieces of larger size, some appearing as thick, black flakes of ir 
regular shape up to 5 to 6 inches in diameter. The local ocean water 
itself gradually turned into an opaque and grayish-green color in 
stead of being transparent and clear blue; it was recorded in the 
expedition journal as resembling harbor water at the outlet of city 
sewers.
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Although sporadic lumps were noted, no specific entry was made in 
the expedition log until June 30th, when our position was at 15°45' N. 
and 35°08/ W., that is virtually in the mid-Atlantic with Africa and 
America almost at .the same distance. Here once more we suddenly 
entered an area so polluted that we had to be attentive in washing our 
selves or dipping our toothbrush into the water, to avoid the seemingly 
endless quantities of oil clots of sizes ranging from that of a grain of 
rice to that of a sandwich.

Ha I covered 2,700 nautical miles in 54 days, and on July 15th and 
16th, shortly before abandoning the test vessel we found ourselves 
again in the same general type of polluted water. Our position was 
now 13°32' N. and 47°20' W., or some 600 miles east of the island of 
Barbados and slightly closer to the mainland coast of South America. 
Many of the clots had an eroded or pitted surface, and small barnacles 
as well as algae were occasionally seen growing on them.

Some samples were collected and at the end of the voyage delivered 
with a brief report to the Permanent Norweign Delegation at the 
United Nations. Although no deliberate or preconceived observations 
were made, the voyage with Ra I resulted in the involuntary record 
ing of 6 days' traveling through visibly strongly polluted water in the 
course of eight weeks of transatlantic sailing. Thus, more than 10 per 
cent of the surface water traversed by Ra T was visibly polluted by 
a rich flotsam of nonorganic material of rather homogenous appear 
ance and undoubtedly resulting from modern commercial activity.

Our report to the United Nations in 1969 aroused a general inter 
est, not least among scientists and shipping authorities, and prepared 
for what we might again encounter, we decided to keep a systematic 
record of daily observations when we embarked on the voyage of Ra 
II the following year.

Ra II Avas again launched outside the breakwaters of the same 
ancient port of Safi in Morocco, this time on May 17, 1970. As the 
water along the west coast of Africa and in the latitudes where we 
were to undertake the Atlantic crossing is not at all stagnant, but 
moves towards America with a speed of 0.5 knots or more, it is clear 
that we did not voyage through the same surface water this second 
time. In fact, the surface water observed by us from Ra I had been 
displaced more than 4,000 miles during the year that had passed be 
tween the departures of the two consecutive raft expeditions.

On other words, the water which we traversed along the African 
coast in May 1969, had long since deposited its flotsam along the 
Caribbean shores or else carried it into the initial part of the Gulf 
Stream, by the time we embarked on the second voyage in 1970. Cor 
respondingly, the water seen around us as we abandoned Ra I short 
of Barbados in July 1969, would this subsequent year be on its return 
flow with the Gulf Stream back across the North Atlantic, heading 
for Europe. Nothing could impede this eternal circulation of ocean 
water, westwards near the equator and eastwards in the far north, 
caused by the rotation of the earth itself. Thus the pollution we saw 
during Ra II was wholly independent of anything we observed on 
Ral.

During our experiment with Ra II, in addition to the regular en 
tries in the expedition log, a special pollution record was kept by
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Madam Ait Ouhanni, who also at reasonable intervals collected 
samples of the asphalt-like clots which, toward the end of the voyage, 
were handed to the United Nations' research vessel Calamar for 
subsequent transfer to the Norwegian U.N. Delegation.

The samples were taken by means of a fine-meshed dip net. It 
should be noted that in the rippled seas oil clots were difficult to 
detect unless washed on board or drifting past very close to our 
papyrus deck. Only when the wave surface was smooth, or the float 
ing objects were of conspicuous size, was it possible to detect and 
record pollutants passing more than 6 or 8 feet away from the Ka. 
Thus, the considerable quantities of oil clots and other floating refuse 
which were found to float close alongside our papyrus bundles reflect 
the true dimensions of the problem if estimated in a broader geo 
graphical scope. It should also be noted that the route followed by 
Ra II was straighter and somewhat more northerly than that of Ra 
I which constantly broke the rudders and was forced on a drift 
voyage down beyond the latitude of the Cap Verde Islands.

On the background of these facts, it is disheartening to report that 
drifting oil clots were observed 40 out of the 57 days it took Ra II 
to cross from Safi to Barbados. This means that 72 percent of the 
traveling time was spent in water where oil clots could be seen.

From May 17,1970 when we left the port in Morocco (at 32°20/ N. 
and 9°20/ W.) until and including June 28 when we had reached 
15°54' N. and 45°56/ W., we recorded oil pollution on 40 clays out 
of 43. On the 3 days when pelagic oil lumps were not seen, Ouhanni's 
entries in the pollution record state that the sea was to rough for 
proper observation. It may thus be safely assumed that the 2,407 
nautical miles covered by Ra II during the initial 43 days of its 
voyage represented an uninterrupted stretch of polluted surface 
water, the degree of visible pollution varying from slight to very 
grave. It is slightly encouraging to note, however, that with the 
exception of some sporadic lumps observed on July 30th, no record 
of such particles was made during the remaining 700 miles to Bar 
bados. This curious fact should not delude us though, since this 
was the very area where we noted extreme pollution the previous 
year. Also, on our arrival in Barbados, the owner of our east coast 
hotel reported that oil clots were sometimes so common on his beach 
that it was a problem to keep carpets clean from lumps that had stuck 
to his clients' feet.

Perhaps the sudden disappearance of oil clots in front of the 
Caribbean Islands during the 1970 crossing can be ascribed to a tem 
poral irregularity in the local movement of water. The disappear 
ance of the clots coincided with the sudden arrival of feeders from 
northbound branches of the south equatorial current, which were 
noticed both in our own displacement and simultaneously indicated 
by sudden changes in water temperature. Nevertheless, although the 
seemingly ever-present oil lumps disappeared this time, plastic con 
tainers and other imperishable man-made objects were observed 
sporadically until the last day of our crossing.

The average extent of oil pollution recorded during the voyage of 
Ra II amounted to lumps of asphalt-like material the size of finger-



49

tips or smaller, scattered far apart in otherwise clean water. There 
would be days when only a very few such lumps could be seen from 
sunrise to sunset, whereas in exceptional cases the water was so pol 
luted that a bucket could not be filled without some floating clots being 
caught at the same time.

The first very seriously polluted water was entered by Ea II4 days 
after departure, on May 21st, at 29°26' N. and 11°40' W., about 100 
nautical miles off the African coast before we entered the passage be 
tween the Canary Islands and Morocco. From earty that morning 
until the evening of the following day, Ea II was drifting very slowly 
through calm water that was thickly polluted by clusters of solidified 
oil lumps commonly of the size of prunes or even potatotes. Many of 
these lumps we,re dark brown, mousey, and pitted, more or less covered 
by marine growth, whereas others were smooth and black, with the 
appearance of being quite fresh.

For a duration of 2 days, the surface water, containing large quanti 
ties of these lumps, was also covered intermittantly by a shallow white 
form such as develops from soap or synthetic washing powder, while 
occasionally the ocean's surface was even shining in rainbow colors 
as from gasoline. The sea was smooth and a vast quantity of dead 
coelenterates could be seen for considerable distances on both sides 
of our track. The expedition journal recorded that "the degree of 
pollution is shocking."

The following week only sporadic lumps were noticed, imtil on 
May 29th, at 25*43'^ N. and 16°23' W., when our records again show 
that "the pollution is terrible." During the previous night oil lumps, 
of which the biggest were the size of a large fist, had been washed on 
board during darkness, to remain as the water filtered through the 
papyrus like through the fringes of whalebone. Barnacles, marine 
worms, crustaceans, and sometimes bird feathers, were found arched 
to the oil lumps.

The high degree of pollution was this time witnessed for 3 consecu 
tive days, when swimming inevitably meant colliding with the sticky 
clots. On May 31st, at 25°00' N. and 17°07' W., the expedition journal 
has the following entry.: "An incredible quantity of shell-covered 
asphalt lumps today, big as horse droppings and in clusters every 
where. One plastic bottle and one metal oil can also observed, plus a 
large cluster of greenish rope, and nylon-like material besides a 
wooden box and a carton. It is shocking to see how the Atlantic is 
getting polluted by man." No ships were seen in the vicinity.

The next entry into seriously polluted waters was on June 16th. At 
18°26' N". and 34°28' W., again virtually in the mid-Atlantic, the 
surface of the waves and as far as we could see below contained end 
less quantities of large and small oil lumps.

Ea II completed its Atlantic crossing on July 12th, 1970, landing 
on Barbados after covering 3,270 nautical miles in 57 days. Al 
though pelagic oil clots represented the most consistently recurring 
type of visible pollution during the two Ea voyages, it should be made 
clear that other debris from man of a rather heterogeneous kind was 
also common, even where oil was absent. Thus, in 1970, pollution in 
the form of plastic containers, metal cans, glass bottles, nylon objects,



50

and other perishable and nonperishable products of man, representing 
refuse from ships and shores, passed close by the sides of our raft at 
intervals from the day of departure to the day of landing.

This was in marked contrast to our experience during the voyage 
of the raft Kon-Tiki two decades earlier. A noted aspect of that 
voyage, which then took place in the Pacific, was that not a single oil 
clot, in fact not a single sign of man's activities, was seen during the 
4,300 mile crossing. From the day we left Callao in Peru until we land 
ed on Karoia atoll in Polynesia 101 days later, we were constantly 
impressed by the perfect purity of the sea. The first trace of other 
human beings observed was the wreck of an old sailing vessel thrown 
upon the reef where we landed. Although, in fact, the contrast refers 
to two different oceans, the currents rotate between them and the 
difference between observations in 1947 and 1970 is so marked that it 
probably has some bearing on the rapidity with which we pollute the 
sea.

Through the State Department of Norway, a meeting was arranged 
between representatives from different scientific institutions and the 
oil industry who were invited to discuss an analytic program for the 
oil clot samples collected by the RA II expedition. The analytic pro 
gram was designed to determine whether the samples represented 
crude or refined oil, and also to estimate the origin, whether it could 
be leakage from drill, scattered oil from a single wrecked super 
tanker like Torrey Canyon, oil from marine organisms, or mixed 
discharges from many different vessels. The analytic work was car 
ried out by the Central Institute for Industrial Research in Oslo, 
and their findings can be summarized as follows:

The results of the infrared spectras show that the samples consist 
mainly of saturated hydrocarbons or mineral oil. Some samples seem 
to contain compounds from decomposed crude oil or heavy fuel oil. 
Vegetable and animal oils are apparently absent. According to the 
results of a gas chromatographic analysis the saturated hydrocar 
bons were normal paraffins (n-paraffins) with 14 to 40 carbon atoms 
in each molecule with maximum around 20 and 30 carbon atoms. Such 
n-paraffins are generally, but not exclusively, the major fractions in 
mineral oil from the United States of America and North Africa. The 
samples showed a wide range in their contents of nickel and vaaadium 
which indicate that they have derived from geographically different 
sources.

In short, the conclusion was that the countless oil clots drifting 
about from continent to continent represent crude oil pollutants not 
from one leakage or one wreck, but from different origins. We are 
hardly far off then if we suspect the major part of the oil clots to be 
the scattered refuse from the numerous tankers which daily discard 
their ballast water at sea before entering port- of loading.

It was not an objective of the Ra expeditions to draw biological 
or ecological conclusions from our observations. Our aim is merely 
to call attention to observations that were virtually forced upon us by 
our prolonged proximity to the surface of the sea. Yet, one cannot 
refrain from certain deductions. Clearly, the time has passed when 
ocean pollution was a mere offense to human aesthetics because the
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surf throws oil and scrap up on the holiday-makers beaches. Much has 
been written about the tendency of oil molecules to expand in thin 
layers over wide, areas of water, thus iir?eding the photosynthesis 
needed by the oxygen-producing phyto-plankton. Those of us who sat 
on the two Has observing fishes, large and small, nibbling at any float 
ing particle wonder how the almost ever-present oil clots can avoid 
affecting the metabolism of the marine fauna and flora; not least the 
filter-feeding fishes and whales which swim with open mouth and, like 
the reed bundles of Ra, let the water sieve through whereas Plankton 
and oil clots alike get stuck in gJls, whalebones, or intestines. Small 
fish may get wise to the presence in their own element of unpalatable 
oil clots, out larger marine species have no way of gapping over 
plankton without getting in nonorganic material floating alongside 
as well.

In addition, the oil lumps examined showed that they very fre 
quently provided a foothold for live organisms which ride along as a 
sort of bait attracting the attention of bypassing fish. I am referring 
here to the fact that small Cirripedia, or edible barnacles (identified 
as Lepas pectinata) were very commonly sitting in regular clusters 
on the lumps. Various edible crustaceans were also frequently found 
clinging to the lumps, notably an isopod (Iclothea metallica) and a 
small pelagic crab (Planes minutus). Marine worms hid in the pitted 
surface, and the shell of a tiny dead quttlefish (Spirula spirula) was 
found in one sample.

In closing, may I be permitted a personal remark? A much more 
far-reaching study than our improvised sampling will b^ needed be 
fore we can judge the durability and effects of this steadily increas 
ing flotsam of oil and debris. Perhaps bacterial activity and disinte 
gration will finally sink or efface the oil from the ocean's surface, but 
centainly not before a large percentage is washed up against the con 
tinental and island shores.

Having first personally witnessed the almost uninterrupted host 
of clots rotating about in the mid-ocean, I have subsequently visited 
some shorelines of the three continents bordering on the land-locked 
Mediterranean Sea and found a belt ranging in color from gray to 
black along the waterline of cliffs exposed to the polluted surf.

In certain areas, like on the otherwise attractive island of Malta, it 
is as if the entire coastline to a height of 6 or 8 feet above water level 
has been smeared by a black impregnation. Where the invisible marine 
paint brush has been at work there is no sign of life, neither algae 
nor mollusks, crustaceans or any other marine species naturally at 
home on such rocks. The coastal cliffs and reefs represent, as we know 
a major breeding place for pelagic plankton and a necessary stepping- 
stone in the life cycle of a great many of the species of paramount 
importance to man.

I stress again, there are few things as illusive as the concept of 
territorial waters. What others dump at sea will come to your shores, 
and what you dump at home will travel abroad irrespective of na 
tional legislation. We must start at the national level, but we must
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quickly move on to international agreements if we shall be able to 
protect our common ocean for future generations. 

(The map follows:)

fiy. 1. Skelcli-inqp indicating (fans-Atlantic wages of Ra I in \969aiitlofRaIIin 1970. The arrows indicate
areas of extreme pollution.

Colla Micheri, Italy 
November 6th 1S71

Thor Iieyer<5ahl,

Senator HOLLUSTGS. I thank you very, very much, Dr. Heyerdahl.
The map at the end of your statement will be included and I may 

observe that you testify like we lawj ers would like a witness to testify 
as to what you have seen with your own eyes and what you have ob 
served at fixed minutes and degrees. You have distinguished between 
not just the oil clots and pollution, but other pollution. You have really 
put it in a very dramatic fashion, not really seeking pollution, but you 
observed 40 days out of 43 days there was nothing but pollution.

I don't know of a more convincing statement about the acceleration 
of pollution in the seas.

Let me ask you this about oil. I know we produce some two billion 
gallons, and 67 percent of that is transmitted by vessel, and almost 
a million tons, not gallons, by accident is dropped into the ocean each 
year. That does not include waste from the actual drilling or the 
cleaning out of Bilges on the ships.

How long does an oil waste persist within the ocean ? I know you 
are observing the actual surface. I am told, I believe, that below the 
surface it' will last for quite sometime. It might be cleane4-off the
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beaches, it might be broken up with large oil clots, but below the 
surface itself I think it persists for some time.

Do you have any observation about that?
, Dr. HEYERDAIJL. No, sir, I have no observation on the durability. 
But -vye could see, even with our own eyes, that there was quite a differ 
ence, in time between the dumping of the various samples.

As I mentioned, some were quite fresh, black and shiny, and some 
were completely pitted and covered by marine growth. But the fact 
remains certain that even if it does disintegrate within a reasonable 
amount of time. * large portion will be washed up against the coasts 
before this happens. And I made a purpose of visiting some of the 
shorelines of the Mediterranean where this can be so easily observed, 
the distances are smaller, and I suppose the percentage of oil de 
liberately dumped is at a maximum. There is more than 100,000 tons 
of oil dumped per year in the Mediterranean, intentionally, and this 
is more than the Torrey Canyon lost in that famous 'accident in the 
British Channel.

Now this oil is washed up on the cliffs and as I mentioned where 
this takes place life is Jailed. There are two possibilities for this. One 
is that oil itself covering the cliff denies the local marine life the 
necessities of thriving. Another danger which was mentioned at the 
conference on the ocean held at Malta this year, where I was present, 
was that the floating oil has a tendency ,o absorb the chlorinated 
hydrocarbons. That is, they will absorb the. to an extent that the con 
centration in some of the oil might be even higher than what it is at 
the time we spray it against insects.

I am not a chemist, but if this statement, which was made by 
chemists, if this is correct, we can well understand that this material 
which is invented to kill life we do not desire ashore, if it gets washed 
up on life on the coast, it will have the very same effect.

Personally, I was quite shocked at what I saw on the coastline. I was 
accompanied by my son who is a professional marine biologist, and he 
was so depressed at what he saw that he couldn't find words. He said 
precisely what we heard repeated from the last meeting here by Dr. 
Cousteau that there is a great danger of the oil absorbing other ven 
omous substances that will kill life in the ocean within our genera 
tion.

Senator COOK. Can I interrupt a second, Doctor?
Along the line which the Chairman was pursuing, did the substances 

you found on your voyage, constitute refined substances, as opposed 
to crude oil? This sounds like it is heavy bunker fuel. As a matter of 
fact, some of those fuels are so heavy they even have to be heated be 
fore they can be forced into a furnace to burn. This was the kind of 
substance you were finding that was forming large globules, which 
were so heavy they could pick up other particles, were they not?

Dr. HEYERDAHL. I should like to read a brief statement of the report 
from the analysis.

Senator COOK. What I am trying to say is that as opposed to raw 
crude, what you were finding constituted a manufactured item that 
was either discharged from vessels, because of totally faulty equip 
ment, or whatever the case might be.

Dr. HEYERDAHL. Yes. I will read the exact wording of the con 
clusion of the analysis. It says that, without giving details about 
the different samples, the SI reports states that "The samples are
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crude oil pollutants from different sources. Some samples seem to 
contain components from decomposed crude oil or heavy fuel oil."

Senator ROLLINGS. From your experience m,reporting, I think that 
is very impressive.

Dr. Cousteau suggested perhaps the 14 to 18 most polluting na 
tions should get together. We all welcome the Conference on Human 
Environment next June in Stockholm. I am convinced this Congress 
is ready to act. Obviously, though, no action is going to have any 
effect unless we get together. We can't clean up our shores until we 
start in Morocco, according to your testimony, or they can't start 
until we clean up ours.

Would you have any suggestion along that line as to how we 
might accelerate some type of action ?

I)r. HEYEKDAIIL. Mr. Senator, my feeling is that all we can do at 
the present state is to prepare the best we can for the United Na 
tions' conference to be held in Stockholm. I do know that all the na 
tions participating are involving the best scientists, the best authorities 
they have on the topic. But I do feel that there is a great danger that 
we will end up with a lot of talking without action. So my feeling 
is that what ought to be done today on the national level is to con 
vince our own Government of the importance of doing something, 
that we are not talking about aesthetics, that we are talking about 
human survival. And I think that anything that can be done by any 
politician or < ~y private citizen to convince his government to this 
extent that something is being done and not that we are only ending 
with a lot of useful information and -nothing else in Stockholm. This 
is my feeling.

Senator ROLLINGS. That is exactly the point and the frustration that 
we have. The inference, of course, is not that the Pacific is clean and 
the Atlantic is polluted," but rather that there has been an acceleration 
of pollution in the Pacific as well.as the Atlantic, wouldn't you say?

Dr. HEYERDAHL. Yes, certainly, because we do know the waters 
of the two areas are connected. The currents passing the southern 
tip of the new world run right into the Atlantic and there is a con 
stant movement in the water of the ocean.

To givt ou one very clear example of this, I may again refer to 
my younfe son oceanographer from the University of Olso. When I was 
testing the papyrus boat last year, he was leading an expedition into 
the Greenland current, where'he \vas permitted to catch 20 whales for 
scientific purposes. They found DDT in the blubber of all of these 
whales, together with all of the other six known chlorinated hydro 
carbons. These whales were swimming in the Arctic currents com 
ing straight down from the North Pole. In other words, in the water 
they live on the east coast of Greenland, they breed and live there, 
they have never been in the neighborhood of any agricultural land. 
That shows the way the ocean is rotating, this is why I speak of a 
boiling kettle.

We cannot distinguish between them. Certainly a land-locked sea 
like the Mediterranean, like the Caribbean, the Caspian, some of these 
oceans have much less circulation and are in much greater immediate 
danger. But when we speak of the great oceans, they communicate.

Senator ROLLINGS. Senator Pastore ?
Senator PASTORE. I have to leave, Doctor, but I would like to ask 

you a question before I go.
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Is it your theory—I understand that in New York City they take 
their garbage out to sea and dump it—is it your theory that much of 
it comes back?

Dr. HEYERDAHL. This depends on what kind of refuse we are speak 
ing about. I think that it is very important to distinguish between 
refuse and refuse. The natural cycle of the ocean has for as long as 
the world has existed, had the ability of rearranging a lot of material. 
If we speak of the usual organic matter, I would not include it in this 
discussion, because it will act as food for other organic matter, much 
of it will be converted and come back in use.

The big danger, the great danger of today is that man through his 
great skill has invented certain materials th „ were unknown to nature 
and nature has no means of disposing of it, no means of making use 
of it. It is like nuts and bolts running around in a readymade machine, 
doing damage, and never getting out of the machine. These are the 
chlorinated hydrocarbons and a lot of other chemicals, plastics, et 
cetera, nylons, floating about.

Senator PASTORE. But as an expert in oceanic travel by force of cur 
rent, and current alone, without mechanical propulsion, your theory 
is that a pollutant dumped from one continent will show up on the 
shores of another. Is that correct ?

Dr.' HEYERDAHL. This is correct. And if I understand your question 
correctly, it is also coming back to your own shore again in due course 
of time. The water which runs off the American coast, the North 
American coast on the Atlantic side, the Gulf Stream branches off in 
the neighborhood of northern Europe. A large portion of it turns 
down by the coast of Portugal, the Canary Islands and comes straight 
back to the Caribbean Sea which is again the same as entering in the 
Gulf Stream again. There is a great circle movement in the North 
Atlantic, there "is 'another corresponding one in the South Atlantic, 
there are two corresponding rotations in the Pacific. We are getting it 
back, what 'we throw in, if it isn't washed up somewhere else or if it 
isn't lost by disintegration or otherwise, we have a great chance of 
getting a good deal of it back again.

Senator PASTORE. Thank you.
Senator ROLLINGS. Senator Stevens?
Senator STEVENS. If I understand you, what you are saying is we 

should not only be certain that our tankers or vessels don't dump their 
bilges, but we should also find some way to enforce them all to have 
incinerators and normal waste disposal, so they don't dump the plastic 
cans and all of the rest of the things in the oceans that you found.

Do you believe that is the case, too ?
Dr. HEYERDAHL. This is correct, sir. But in this case I think that all 

of the big cities of the world send much more of this matter into the 
ocean than perhaps the whole fleet of vessels put together. When it 
comes to the oil, I assume, without knowing what I am speaking about, 
but I assume that the major portion of it comes from various ships. 
But when it comes to the normal refuse. I think that the coastlines 
have the major responsibility. Because we send, no matter where the 
city is, we send our refuse in one way or another into the ocean.

Senator STEVEXS. Senator Hollings and I spent some time in my 
State looking into the problems of mercury recently. I appreciate 
your comments about the DDT in the whales, because we found 
increasing traces of mercury in the fishery resources of the North
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Pacific, while we actually don't have that much activity up there that 
would lead to a man-made mercury deposit or mercury runoff.

I found that comment very interesting.
Senator ROLLINGS. In the halibut, the Norwegian fishing village of 

Petersburg in Alaska.
Senator STEVEXS. I am very grateful to you for your statement. 

Thank you.
Senator ROLLINGS. Senator Hatfield ?
Senator HATFIELD. I have no questions.
Senator ROLLINGS. Chairman Lennon on the House side, do you 

have any questions?
Mr. LENNON. Thank you, Mr. Chairman.
I do want to thank the doctor for his most interesting and informa 

tive and seriously challenging statement. I think you have brought 
here to the individual members of this committee and those of us who 
are counterparts in the other body, a documentary statement of what 
37our actual findings are that I wish were required reading of every 
American and every citizen of every nation.

If that could be done, and hopefully it will be done in time, then 
we would reach the goal that I think all of us ascribe to. I am very 
grateful for this opportunity to hear you.

Senator ROLLINGS. Mr. Dingell, the chairman of the House Subcom 
mittee on Fisheries'and Wildlife Conservation.

Mr. DINGELL. Thank you, Senator.
I would like to express my appreciation to you and to the committee 

for the privilege of being here.
Dr. Heyerdahl, I was much impressed with your testimony. I have 

no questions except to comment that read together with the remarks 
of Captain Cousteau a while back and in testimony received by the 
joint hearings conducted by Mr. Lennon and I, indicate that the oceans 
are in great trouble and something rather strikingly more than has 
been done so far is urgently required. I think the only thing I can do 
is to indicate the best efforts of Mr. Lennon and myself and our col 
leagues on the Senate side will be directed toward doing something 
about it in the time that it must be done in.

Thank you.
Senator ROLLINGS. Thank you.
One of the impressions we receive from all of the witnesses is the 

need for immediate action. Dr. Heyerdahl, we could keep you here all 
morning, but I am committed to try to dispose of this before lunch- 
time. If you have nothing to add, we thank you very, very much and 
we will now hear from Dr. Barry Commoner.

STATEMENT OF DR. BARRY COMMONER

. Dr. COMMONER. Thank you, Senator Rollings. I am very glad to be 
here because I regard this conference as something which goes well 
beyond even the grave problem of the ocean. I think that you are 
holding this conference at a crucial moment in the history of U.S. and 
world concern with the environment. In a way what happens here and 
what happens in your considerations of the problems of the ocean has 
become, I think, a test of our real understanding of the environmental 
crisis.
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I think that we can use this issue as a test also of our sincerity in 
really dealing with these problems. I share with many of you the 
feeling of frustration which has, I think, descended upon many people 
in this country regarding the will of our administration to really face 
up to the hard f acts of environmental survival.

What I would like to do today is to share with you some of the 
thoughts that I have developed which I think help to explain why the 
issue of environmental survival has become so enmeshed in delays, 
evasions, and in, I am afraid to say, political concerns. If you will bear 
with me, I want to give you my views on that and the evidence which 
lies behind it. I think that it 'is clear from what Dr. Heyerdahl has 
said, following the testimony of other oceanographers, that the oceans 
of the world are in a serious, grave situation.

Now the question is how should we respond to this kind of ominous 
prediction? Should we say, well, naturally an oceanographer is con 
cerned with the ocean; what does that mean to me? If we wait for 
practical proof that these oceanographers, these observers are right, 
that the oceans may suffer biological death in 33 to 50 years, if we 
wait to test them in practice, it will be too late; but the ocean is an 
essential, irreplaceable resource for the entire earth. It seems to me 
the predicted collapse of ocean and ecological systems that we have 
heard so well explained here, although difficult to prove scientifically 
in advance, and seemingly remote in time, has very grave implications 
which call for immediate action.

Now, one basis for that is the fact that the ocean is the sink which 
collects all pollution. You knoAv on the East Coast, wljen there is a 
northwest wind that blows the smog away, we all look up and breath 
deeply and enjoy the fresh air. But there is one law of ecology that 
you have to keep in mind on that happy day, and that is that every 
thing goes somewhere.

Where does the smog go that is blown away from Washington and 
New York? It goes out to sea. The rain brings it down, and it pollutes 
the ocean in the jmy that you have heard. In other words, all of the 
pollution which is received by the surface of the land and fresh waters, 
is only there temporarily. The pollution in Lake Erie goes out the 
Lawrence Waterway into the ocean. The pollution of the air along the 
eastern seaboard is blown out to sea; everything ends up in the ocean, 
even pollutants that temporarily are placed on the land, like insecti 
cides, get drained out into rivers and down to the ocean.

The ocean is the sink and ultimately all pollution is ocean pollution.
Now, the thing that is misleading is it takes sometime for that 

transfer to take place. And also I suspect since there are so few voters 
that live in the ocean and relatively few on the edge, it is not brought 
to the attention of the administrations. So the ocean suffers, so to 
speak, from a poor press.

Air pollution is something that gets in everybody's lungs and eyes 
and they are aware of it and when it goes away, it is delivered to the 
ocean. So I want to make similarly a remarks here that I think the 
question of ocean pollution is a test of the efficacy with which we 
understand the entire environmental problem; that what goes away 
from our immediate environment ends up in the ocean, and that the 
death of the ocean will be the death of us all. Now there are a couple 
of technical points I want to make to emphasize some of the very wise 
observations that we have heard from Dr. Heyerdahl.
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He has pointed out that the vastness of the ocean is also very mis 
leading. So I have heard objections to the report which Iras been made, 
that 25 percent of the DDT manufactured in the world has ended up 
in the ocean. The point is made that even though that is a lot of DDT, 
there is a lot more ocean and when you divide the bulk of the ocean, 
the concentration is low.

Well, there is a scientific fact that I want to mention, that invali 
dates that kind of observation. It is related to a point that Dr. Heyer- 
dahl made, that oil floats on water. Now many of the toxic synthetic 
substances that we have produced in the environment, and dissemi 
nated in the environment, such as DDT, the PCB's, and others, are, 
like oil, unable to dissolve in water. They are not soluble in water; 
they are soluble in oily substances. Now, it is an old laboratory obser 
vation, and I recall doing the experiment as a student, that if one puts 
a very minute amount of an oil soluble substance on a water .film, that 
molecules line up with their ends stuck up into the air in a one- 
molecule thick layer. And they line up on the top surface of the water.

In other words, when we let DDT into the ocean and the PCB's, it is 
very likely concentrated in a submicroscopic layer at the very surface 
of the water, and this is precisely where, as Dr. Heyerdahl points out, 
a major part of the biological activity in the ocean takes place.

In other words, we cannot rely on the vast volume of the oceans to 
dilute DDT or PCB. Bather, it is going to become intimately concen 
trated on the surface of the water where it will come in contact with 
intense biological activities.

I was astonished the other day to find a paper which reported that 
in a deep sea jellyfish in the northland, thalates were detected. What 
are thalates? Thalates are ubiquitiously used in plastics. Automobile 
plastic upholstery particularly contains thalates. These plasticizers 
are volatile and they have been shown to cause birth defects. They are 
now in the ocean in jellyfish. I think this emphasizes the seriousness 
of the roll that the ocean is playing as a sink for all of the poisons that 
we are producing.

Now, the main burden of my testimony is to ask this question: 
Given the fact that the ocean is a sink, and it is receiving all of these 
toxic materials, where do they come from? What fault in the way in 
which we are living on the earth is the basic cause for this potential 
catastrophe? Because I take the old fashioned view that in order to 
solve a problem it is a good idea to know how it arose.

Now my group at Washington University has made an analysis of 
this problem; I have recently written it up in my book, The Closing 
Circle, and I am submitting for the record a detailed, scientific paper 
which presents our evidence.

Let me summarize that for you briefly now, and draw some con 
clusions regarding the implications of this information for immediate 
action to save the ocean.

In the first place, we can show that nearly all of the pollutants that 
are of concern to us made their first appearance in the period of World 
War II or have since then increased very sharply in concentration. 
For example, DDT was first used during World War II; detergents 
appeared immediately after the war; most of the synthetic organic 
materials have appeared since then. In the paper I have attached I 
give a figure on the increase in phosphate levels.
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In the 30 years preceding World War II, phosphates intruded into 
the surface waters of the United States about doumed. In the 30 years 
following World War II, approximately, level has gone up sevenfold. 
In other words, World War II is a watershed. It is a time when we 
translated many scientific developments into new technologies, but 
which were imposed on the environment.

Now, what I have computed is the role of the various possible fac 
tors in generating this very intense increase in pollution levels. Gen 
erally most pollutants have gone up, let's say, since 1946, between 200 
and 2,000 percent. And the question that arises is what force in our 
society has caused that increase ?

Let me give you an example of how we derived this information 
and then summarize it for you in general. One of the problems we are 
very much concerned about is the problem of pollution which arises 
from nitrate. Nitrate is used a great deal as a fertilizer. In the Mid 
west nitrate levels in surface waters have gone up in some places over 
the Public Health Service limits. The reason it is a problem is first it 
causes overgrowth of algae, and therefore pollution in rivers and 
lakes; and second, it raises a public health question because it is readily 
converted to nitrate in the intestine, particularly in infants. Nitrate 
combines with hemoglobin, producing a blue baby disease. This is a 
problem in the Midwest.

The question I raise is this: What has been the cause of the sharp 
increase in the intrusion of nitrate fertilizer into the U.S. environ 
ment? Now we have data, for example, between 1949 and 1968. In 
that period of time the total usage of inorganic nitrogen fertilizer, 
which in the soil is converted to nitrate, went up 648 percent. In other 
words, there was a 7.48-fold increase. Now why ? In that period—some 
people say that was because we have so many more people than we 
did, and we have produced more food.

Well, in that period of time the U.S. population increased only 34 
percent. That is not enough to account for the increase in use of fer 
tilizer. Moreover, the amount of crop produced per capita, in other 
words, you might say the affluence of the United States' population 
with respect to food, increased only 11 percent in that period of time.

In other words, if we divided the U.S.IXA. figures on crop pro 
duction by the population, we find that it increased only 11 percent 
in that period of time. However, the amount of nitrogen fertilizer 
used per unit crop production has increased fivefold.

Let's be specific. In 1949 we used 11,000 tons of fertilizing nitrogen 
per unit, U.S.D.A. unit, of crop production. In 1968, to produce the 
same amount of food, we used 57,000 tons of nitrogen fertilizer.

Remember the law of ecology, everything has to go somewhere. That 
extra fertilizer goes somewhere. It drains into the rivers, from the 
rivers into the ocean; and the point I am making very simply is that 
the root cause of pollution in this instance is the conversion of agri- 
cural technology from low use of fertilizer to intense use of fertilizer. 
We have made an analysis of a whole series of problems of this sort.

And in each case it can be shown that of the three possible causes of 
pollution, increased population, increased affluence, and technological 
change, it is universally technological change which is the driving 
force. I can give you further examples and perhaps if you have in 
quiries about that—but let me simply go down the line.



60

It is the technological change from soap to detergents which has 
caused \vater pollution due to detergents and phosphates. It is the 
technological change from cotton and wool to nylon which has exas- 
cerbated the mercury pollution. Why ? Because in order to replace the 
fiber, the national cotton fiber, you need energy to make a fiber; the 
cotton plant gets that energy free, from a perfectly renewable source— 
the sun, quietly, no fuss, no fumes. The cotton plant converts that 
energy into a fiber.

Now we brilliantly supplant that with a synthetic fiber which re 
quires energy that we get by burning petroleum, which pollutes the 
air, which requires a variety of organic reactions which cause a great 
deal of chlorine. The result is the chlorine production in the United 
States has gone up about fifteenfold in this period of time.

To make chlorine, we use mercury as an electrode. Most of the 
mercury pollution problem in surface waters of the United States 
comes from the intensive use of mercury in making all of that chlorine 
that we use to make synthetic organic materials.

In other words, we have triggered a whole series of environmental 
changes. Every instance that Ave have examined, the automobile, the 
reason why we have smog is not that there are more people, not that 
we drive more miles—we do some—but the main thing that has hap 
pened is for every passenger mile the modern cars produce more nitro 
gen-dioxides than they used to, which triggers smog, emit more lead 
into the environment than they used to, because the car has been 
converted by raising the compression ratio of the engine into essen 
tially a smog producer.

Now the next question that comes up is why have we transformed 
our economy in this way ? One of the interesting things that we have 
done is to go to the Department of Commerce's census of manufac 
turers and to compute the changes in the growth of various industrial 
and agricultural technologies during the period of intense pollution. 
And we have made, and this is in Figure 3 of the material that I sub 
mitted to you, we have made a chart showing which technologies 
have grown and which have sunk in this period of time.

The picture is very clear, the cotton and wool production has gone 
down, synthetic—as a matter of fact, let me stop there and read to you 
the roster here.

The thing that has grown the fastest—it is sort of >a tie, between 
mercury which is used for producing chlorine and no-return bottles. 
These have grown about 15 percent a year.

Under that we have plastics, further listing nitrogen, detergents, 
synthetic organic chemicals, aluminum, and so on. In other words, 
certain kinds of activities have grown. The tragic fact is that those 
activities in the United States, which have grown, with a few excep 
tions like color TV sets and snowmobiles, have displaced former ways 
of carrying out production and the new means of production is always 
more stressful toward the environment than the old.

I have already given you some examples. Soap has never been known 
to cause water pollution in hundreds and hundreds and hundreds of 
years of use, in many cultures. You all know of the water pollution 
problems which have arisen as we have displaced soap with detergents.

Some fairly trivial examples, but, I think meaningful ones: we have 
displaced the old beer bottle with cans. In fact, most recently we have 
put a flip top on the can.
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Now, this has a certain benefit, I suppose it is easier to, although.you 
may cut your finger, I suppose it is easier to have a cap opener. But 
we have done the following computation. We have computed the 
amount of fuel which needs to be burned extra to produce that alumi 
num top on the steel beer can. It increases the use of fuel for making 
the can threefold. The reason is that it takes much more energy to 
refine .aluminum than it does steel. In other words, to pay for the 
convenience of the flip top on the beer can, we have tripled the air 
pollution due to the manufacture of a beer can.

Another computation due to a colleague at the University of Illinois 
is that for a throw-away bottle to deliver fluid, the same amount of 
fluid to a consumer to a consumer, whether beer or soda, has a return 
able bottle, the throw-away bottle consumes five times more energy 
than the returnable one. That energy is needed to make the glass. 
Whenever you produce energy from fossile fuel or in any other way, 
you pollute the environment.

Another example, we have displaced truck traffic, (ruck traffic has 
displaced railway traffic. We have computed the fuel required to de 
liver a ton-mile of freight by truck and railway. It takes six times 
more energy, more fuel, to deliver the same freight by truck as by 
railroad. Now, to most of us it doesn't make any difference how an 
object is delivered. But we now know when it is delivered by truck, 
we are paying for it in air pollution.

I should add that the energy required to lay down the roadway for 
the trucks is four times the energy required to lay down the railroad 
right of way and the roadway takes a 400 foot right of way out of the 
land and the railway takes <a 100 foot right of way. Yet we are dis 
placing railroad traffic with truck traffic. Our economic movements 
is counter ecological.

I could go on and give you one example after another. Most of 
the major economic technological changes which have transformed 
U.S. production since World War II have been counter ecological 
and I claim this is the basic sources of the environmental crisis. It is 
the basic reason for the pollution of the ocean.

The next question that arises is why have we done something which 
on ecological grounds seems so foolish? And the answer is a very 
simple one which I think some of you must have already detected. 
Clearly, in the U.S. economy, an industry which grows has a different 
economic position from an industry which shrinks.

For example, we all know that the economic position of synthetic 
fibers is better than the economic position of cotton and wool. And, 
in fact, we have done a computation of the relative gross profit to be 
derived from pairs of technologies.

So, for example, the U.S. Department of Commerce, and we are 
very grateful for this, puts out a census of manufacturers with very 
detailed information as to the economics of various industries. It 
lumps together soap and detergents. So we have, for the soap and 
detergent industry, an indication of the economic inputs and the sales 
of the industry for various years. In 1946 essentially no detergents 
were manufactured by the industry. In that year, the gross profit— 
this is before taxes—the gross profit, simply the excess in returns 
over expenditures, was 30 percent of sales.

Now, over the years, soap has been displaced by detergents, so that 
at the present time about 75 percent of the market is held by deter-
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gents. And from the changes in returns, one can compute that the 
gross profit on making detergents is 52 percent of sales. In other 
words, it was entirely sensible from an economic point of view for 
the soap and detergents industry to give up soap and to displace it 
with detergents, sensible for them, but jiot for the environment.

Other examples, steel and lumber, have been heavily displaced by 
new technological items, notably aluminum, plastics, and concrete. 
Notice how many new buildings have stressed concrete rather than 
steel those clays. Here are some profit figures, this time for the year 
1067. The steel gross profit before taxes was 12.5 percent on sales. 
Lumber 15.4 percent on.sales.

In the other cam]) the displaeers the more ecologically stressful 
things aluminum which uses a groat cloal of power that pollutes the 
air the gross profit 25.T percent plastics 21.J- percent. Cement 37.4- 
percent. Now much more of this sort of analysis needs to be done but 
I think it is in effect self-evident that the new technologies are more 
profitable than the old ones and I am afraid that this explains why 
we have gotten into environmental trouble.

Now the reason why I have stressed this is that I want to make or. ^ 
final point. It has been said that the environmental issue is a mother 
hood issue: nobody can oppose it. And indeed we saw for those of us 
who have boon concerned with the environment for 15 or 20 years it 
was a little astonishing to find how political figures hastened, some 
faster than others, to come into this issue.

And I think some of us wondered how soon they would discover 
that they were not in a motherhood issue, but something that went 
deeper into the most fundamental, the most difficult economic and 
social and political questions.

What I am concerned about now is that in my opinion—this is a 
personal opinion—there is now evidence that Mr. Nixon's administra 
tion has discovered that the environment is not a motherhood issue, 
that there is a conflict between profitability and environmental in 
tegrity, and I am afraid that he has opted for the economic system as 
against the ecosystem. Let me make this point: Everything that we 
do'in our society depends on the integrity of the ecological system. 
Not only do the green plants produce oxygen for us to breathe, they 
also produce oxygen to smelt steel, to turn fuel, and indeed to run 
nearly all of our chemical reactions.

The ecpnolpgical examples in surface waters purify the water that 
the chemical industry uses to run its chemical reactions. We are totally 
dependent on the ecosystem and I want to stress a very fundamental 
point, that any economic system which is incapable of living in har 
mony with the ecosystem cannot survive.

Any economic system which is a threat to the integrity of the eco 
system is on a suicidal course. Now. what concerns me very much 
today, having read this morning's newspaper about the opposition to 
tho bill passed by the Senate unanimously, to carry out what I would 
regard to be a very important and essential revision of our water pol 
lution control laws, that that bill is now being opposed by the ad 
ministration, a"d as T thought about it. T looked back and 1 realized 
that there ".'ore a series of ecological retreats carried out bjr this 
administration.

T would sav the first one was to fire Mi*. Hickel. Another one was 
in forcin/r EPA to .o-ive up on the Clean Air Act standards. The third
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one I mentioned, the water bill. The fourth one is the announcement 
by the President that we are going ahead to build two breeder reactors, 
when the AEC has not yet submitted the requird environmental im 
pact statement about the entire breeder program. And the last one, 
as of this weekend, is Amchitka.

I have to ask myself the question, why, following the statement 
made by Mr. Nixon early in 1970, that the environmental issue was 
a major one, that we had to deal with it, and I quote, "now or never," 
why is his administration saying not now.

The logic is if they say not now, they mean never.
Senator STEVEXS. Mr. Chairman, I certainly don't like to interrupt 

Dr. Commoner; I know he has a great reputation, but I came here to 
listen to people that I thought were distinguished people in the. field 
of ocean pollution. It .appears to me that Dr. Commoner is starting 
to use the platform, or has used the platform for a political speech. 
I believe there are times, Dr. Commoner, that we have to stay within 
the confintc of the program. I am sorry you didn't because I found 
your prepared statement very interesting and very informative.

I wonder if you are prepared to document the 8 years of the last 
administration and compare it to this administration in terms of the 
amount of money that has been dedicated to environmental control 
and antipollution activities. Can you document what was not done 
during the period of the build-up of the Vietnam War and other 
times like that.

I really am very sorry; we have run this committee on a very bi 
partisan basis; we are very seriously involved in an investigation into 
what we might do. T have had problems with Amchitka, too, but I 
don't know what that has to do with the-subject that is before us 
today, nor do I know what my great friend, Wally Hickel, has to do 
with this subject that is before us today.

It is a very difficuL position that you put those of us in who are 
trying to keep this on a bipartisan basis and who are trying to honestly 
pursue the tremendous problem we have in terms of pollution and 
environmental activities with which the Congress should be very 
much concerned.

It is probably out of line. Mr. Chairman, to interrupt Dr. Com 
moner, but I would be very interested if you would get to your pre 
pared statement.

Senator HOLLIXGS. Dr. Commoner, you go right ahead. I like the 
fact that you can gig us a little; we can move on this thing. There are 
views, of course, as to who has done the most and which administra 
tion. But I think it is pertinent as to where we are headed, particu 
larly on ocean pollution. I feel that you have taken some of the most 
abstract and uninteresting statistics and packaged them into one of 
the most meaningful statements about the environment that I have 
ever heard. And I am enjoying it very much, even though I had 
thought that I had solved my textile problem, having gotten together 
with the Japanese, and now I find I am only causing mercury pollu 
tion down in South Carolina. But maybe that is what we ought to 
learn. You go right ahead.

I think you get Senator Stevens' point: we can't get into the Hickel 
appointment and the Amchitka blast, because then we will miss all of 
the fine information you have given us.

Dr. COMMONER. I appreciate Senator Stevens' position.
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Senator STEVENS. I appreciate the Chairman's position, too. I 
thought for a while maybe he had planted you there in terms of the 
cotton testimony. I am sorry Senator Cook left, because I think he 
would have enjoyed j'our testimony about the beer cans. He has a little 
corn product in Kentucky that he would like to sell a little more of, 
and that might, have come through.

But I am serious, Dr. Commoner; I don't think the President is in 
volved in the statements he is taking on a political basis, and that to 
me is the implication of what you are saying. You are also giving the 
impression to the news people who are gathered here that this ad 
ministration has done less than previous administrations in this field, 
and I would be glad to debate that with you any time, any; place, be 
cause this administration has done more in the field of environmental, 
control and antipollution activities than any administration in history.

You started oft" yourself by saying that the pollution didn't start 
overnight. I don't think Mr. Nixon caused the pollution problem siny 
more than he caused the war problem and it seems to be he is trying 
to be responsible across the board in dealing with all of it.

Again, I think it would be to everyone's advantage if we would stick 
to the subject.

Senator HOLLINGS. Of course, more is not enough and that is why 
we met, and \ve are glad to hear from you, Dr. Commoner, I think you 
can take care of yourself. Go right ahead.

Dr. COMMONER. I will try to, and, Mr. Stovens, I am pretty hard 
to plant anywhere. In fact, you have made my point. I think I have 
gored about a half dozen oxen here and that is exactly the point about 
the environment. The environmental issue uncovers problems which 
in the past we have been able to keep hidden. For example, the problem 
of meeting unemployment. When the SST flap arose, I was kind of 
shocked to find that people were saying, well, we are throwing people 
out of jobs. The issue was why should a man take a job building some 
thing that might destroy the environment, that might wake babies up 
at night, couldn't AVB find him a better job ?

It raises a whole issue of the social basis of employment. The same 
thing is true, incidentally, at Hiltonhead, if I may say so.

Let me go ahead. The reason why I brought up these issues is that 
all of us in the scientific community who have been concerned with 
this problem have been looking to the Congress, and to the adminis 
tration to understand the issues and translate them into action. Mr. 
Stevens, I face students all of the time and what students want to 
know is the relevance of the abstract scence that we teach them to 
their daily lives.

And it is the Congress and the President who translate that abstract 
science into relevance. I would be remiss as an educator if I stuck to 
the science without considering its relevance to important social and 
economic issues.

Senator STEVENS. I agree with you. That is very good. I think 
as the Chairman said, you have given us real food for thought. But 
on the other hand, when you just gore the ox sitting where you are, 
it seems to me some of us have responsibilities for speaking up and 
saying that the ox wasn't born in 1968, and I would hope you would 
keep partisan politics out of these comments and you certainly are 
not.
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Dr. COMMONER. I think the difficulty is, although this Administra 
tion didn't start the problem, it does have the responsibilities of doing 
something about it.

Senator STEVENS. Exactly. They are doing something about it.- 
For the first time in history, something is being done about it. I 
would hope maybe you would look at the positive side of that. There 
wasn't a Council on Environmental Quality, for instance, and there 
wasn't an Environmental Protection Agency. The water pollution 
budget is about 10 times what it was in 1968. We could go into a lot 
of figures, if you want to. I think that you have a great deal to offer 
to the hearing in terms of your expertise. That which you told us about 
beer cans and energy, for instance, is the kind of information we 
need. But I don't think we need a broad-scale attack on the President 
for his problems of trying to deal with unemployment, or the prob 
lems of the SST. Mr. Nixon didn't start the SST.

Dr. COMMONER. Mr. Stevens, I think the main lesson to be learned 
about the ocean is that it integrates with the total environment. It 
is the link that connects the entire environmental system. And I find 
it impossible to deal with any such major environmental problem with 
out considering the environment as a whole. I find it also essential to 
relate, the scientific analysis which I have carried out decisively, as 
decisively as I can, to the issues of the day. Because they will not be 
solved in the laboratory.

The main point of my testimony is to show you that the changes 
that we need to make to save the environment involve fundamental 
reorganizations of our economic system. That there are ecological im 
peratives which require that we govern what we do in industrial and 
agricultural production more by logical considerations than by eco 
nomic ones.

That is the. message that I am trying 'to deliver to you. I find that 
this has a close bearing on what I regard'to be personally a slowness 
of the present administration to face these issues and I trace to state 
ments which I will enter into the record, from the administration, 
from Mr. Stans, for example, as well, that it is all right to clean up 
the environment, but we have got to be careful not to upset the 
economic system.

The message that I am trying to deliver is that if we are not careful, 
we will sacrifice the environment on the altar of economic power.

Senator PASTORE. But isn't it your opinion, Doctor, that we can 
certainly have, with the intelligence of America, the best of two 
worlds? One needn't override the other. I still think we can promote 
our economy and at the same time promote ecology. I don't think 
one ought to take precedence over trie other; I think we can work 
the two out with intelligence and patience, with the help of govern 
ment.

I don't see why we can't do both.
Dr. COMMONER. That remains to be seen. For example, we will need 

to give up detergents for soap.
Senator PASTORE. Well, why shouldn't we?
Dr. COMMONER. I think we should.
Senator PASTORE. You still have to wash clothes, so if you don't have 

phosphates, you might have something else in it. We can still have 
clean soap, can't we?

Dr. COMMONER. Certainly.
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Senator PASTORE. No one has suggested we go without washing 
our faces, because the soap goes down the sink.

Dr. COMMONER. The point I am making is if we replace detergents 
with soap and cut back on the manufacture of synthetic fabrics, for 
example, and restimulate the production of cotton, and become more 
depedent on natural rubber from abroad rather than on synthetic 
rubber, we will face, in my view, the most severe economic problems 
,that this country has ever faced and I hope with you that we will 
learn how to face them, but I consider it my duty to tell you that, 
in my opinion, these will be very sevcVe problems.

Senator PASTORE. Of course. The point is this, then, when we bring 
Vietnam to an end, there are going to be some displacements. At the 
same time, of course, like you say, Vietnam has to come to an end. 
I think we can take care of that displacement. I think in this whole 
panoramic responsibility, I think that is a challenge today, that we 
can do it and do it together. Let one hand help wash the other. That 
is the only way you can get your hands clean.

But this idea that you have got to give up one—you may temporarily 
have to have a slight disparity. But on the other hand,'isn't that the 
challenge of the future? We have over 205 million Americans. They 
have to have a job to work at, and no one is suggesting that we have 
to sacrifice jobs just to promote ecology. Why can't we do both? 
Why can't we give people a job cleaning up the environment?

Dr. COMMONER. As a matter of fact, what we know about the rela 
tion of power utilization to the environment indicates that there will 
be more jobs available because one of the transformations that is 
taking place is that industry has become increasingly power con 
sumptive and less dependent on labor. That is th^ meaning of the 
rise in productivity, less labor per output.

It may well be that we will have to give up our tendency to replace 
working hands with kilowatts.

Now, again, I think this is going to be a very serious question and 
I certainly fervently hope with you that we will be able to work out 
a harmonious way of dealing with it. But it does no service to you 
or to anyone else for me to hide the fact that in my view and under 
standing of the environmental crisis we are in is revealed the most 
serious consequences for our economic system.

Senator STEVENS. We certainly share that view, I think. The Toxic 
Substance Control Act would require pretesting and preclearance of 
all new chemicals before their introduction into the environment and 
also the test of phosphates and detergents. This bill was submitted to 
this commitee by the administration; it is the administration's bill; 
it has a very worthwhile amendment by Senator Spong and I think 
it will soon clear this committee; Certainly we hope it will be enacted 
by the Congress.

But to leave the impression that the administration has not done 
anything, or is dragging its feet in this field, I think, is very improper, 
because I don't believe it is true. When you get to the problems you 
discussed, I would be interested in seeing sometime someone investigate 
what I consider to be the great polluter and that is the home furnace. 
It is the most inefficient burner in the whole country, and the last 
one we turn off, incidentally, under the current rules and regulations 
and laws as we run into power shortages.

The industrial users have the furnaces that are more efficient in
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terms of burning the fuel and we can control pollution to a greater 
extent on them. Those are the first ones to turn off when we run into 
an energy shortage, as we did in the middle of last year. In this dis 
cussion of shortage, and I think we are going into an era of energy 
shortage, what you contributed in terms of the problems of beer cans 
and these other areas, I think are very significant.

But I don't really agree with your contribution politically.
Dr. COMMONER. Mr. stevens, I am glad we got to a technical point 

on which we can disagree and that has to do with home furnaces. 
As it happens, the least efficient way, in terms of air pollution, to 
heat a home is through electric heat.

Senator STEVENS. I wasn't talking about electric heat; I was talking 
about gas burners.

Dr. COMMONER. They are more efficient than any other means, the 
reason being that—there are a few laws of physics involved here. 
Every time you transfer energy from one form to another, you lose 
something. So electric heat, tor example, means heat converted to 
electricity and then back to heat and there is a great deal of loss.

One of the things that we need to do to alleviate the power crunch 
is to cut back on home, space heating, by electricity.

Senator STEVENS. I wasn't addressing myself to electricity, I was 
addressing myself to the fact that we put an individual gas furnace 
in every home in a subdivision, where if we had a central heating 
unit and put the heat through to the individual homes, we would 
have a lot more efficiency. This, apparently, seems to be the way we 
will go. At least I hope we will.

Senator ROLLINGS. Dr. Commoner, I will include in the record 
your entire statement, "The Origins of the Environmental Crisis."

Senator ROLLINGS. Does that generally conclude your remarks? I 
want the other Senators to have a chance to ask questions.

Dr. COMMONER. Yes, it does.
Senator ROLLINGS. Senator Hatfield?
Senator HATFIELD. Thank you very much, Mr. Chairman. As in 

the case of Dr. Heyerdahl, I certainly appreciate the contribution 
you have made this morning, Dr Commoner.

In your testimony, you refer to the problem as subject to the eco 
nomic system of two-pronged approach to productivity. How do you 
feel or what do you suggest would be the motivations or the require 
ments necessary 'to correct this particular issue? Is it like the chicken 
and the egg, as far as the public demand for products and the con 
venience of products and the markets meeting such demands, or is it 
part of the industry in creating the demand through advertising and 
so forth? And also, secondly, how does this tie into the socialist eco 
nomic systems, such as U.S.S.B., Poland, Czechoslovakia, Hungary, 
and East Germany, as in the top 14 countries that are guilty of high 
industrial pollution? Could you comment on that?

Dr. COMMONER. Let mo take the last point first:
I have discussed that in some detail in my new book. And there it 

is perfectly clear that in the socialist countries very,similar pollution 
problems to the one we have, have arisen. From the little reading that 
I have been able to do on it, the reports are fairly scarce. It seems that 
they supplant our profit motive with what is called meeting the quota 
planned fulfillment.

In. other words, a, manager is told to meet certain economic goals
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and then if he needs to do that at the expense of the environment, does 
so, by failing to put controls on and so on. So I think in both economic 
systems there is the same tendency to mortgage part of the productive 
activity on the environment. That is to take out a loan against nature. 
And I think that the important thing that has to be reintroduced 
into both economic systems is the primary necessity of maintaining 
the integrity of what I like to think of as our biological capital, 
namely,.the environment.

As I pojnt, out in my book, neither the capitalist nor the socialist 
economic system has as yet incorporated into its theory or practice 
the notion that the ecological system is a primary necessity for the 
continuation of all economic activity. And that we dare not mortgage 
it if we expect to continue.

To return to the first part of the question, now, it seems to me we 
need to find a way of making explicit in the account books of a pro 
ductive enterprise the cost which that activity imposes on a social 
good, namely, the environment.

Now, various proposals have been made for doing that by raising 
prices, taxes, and so on. Again, I don't think that is going to be a very 
easy solution. A very small computation was made recently on the 
'impact of cutting back on fertilizer usage in the Midwest for the 
sake of preventing nitrate pollution. And it appeared there would 
probably be a 15 percent or so increase in food prices.

Obviously you can't do that without making further adjustments 
in the economic system1. So that it seems to me we need to reintroduce 
into our economic thinking—put it this way: It is as though our 
economic thinking has developed without taking into account a major 
hidden factor, namely, the capital that we derive from the environ 
ment and which we destroy if we are not aware of what we are doing. 
It seems to me that economists are going to have to worry about this; 
they haven't paid much attention to it. You know the term placed in 
classical economics on environmental cost is "externalities." These are 
external to the considerations of the marketplace economy.

Senator PASTORE. One sure thing, Doctor, the pendulum has begun 
to swing in the other direction.

Dr. COMMONER. Absolutely.
Senator PASTORE. We have done more in the last 3 or 4 years than 

we have ever done before. America has become conscious of this. 
So has the Presidency. So has the Congress, and so has the public-at- 
large. Wouldn't you admit that?

Dr. COMMONER. Oh, yes. It seems to me the order is the other way 
around. The public-at-large has become convinced and the others are 
following.

Senator PASTORE. When you realize the magnitude of our country, 
and its potential, wouldn't you say that this is something that can't 
be done overnight?

Dr. COMMONER. Precisely. That is the way I started my testimony. 
You have heard very serious testimony that the oceans may be bio 
logically dead in 35 to 50 years.

Senator PASTORE. That is right.
Dr. COMMONER. If my analysis of the cause of this is correct, namely, 

we have to deal with a fundamental reorganization of our economic 
priorities, introducing ideas which up until now have been minimized 
in our economic thinking, it seems to me that prudence would require
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that we face this issue now and begin now so that 35 years from now 
the ocean will be safe.

That is precisely the point.
Senator PASTORE. In your judgment, and you are quite a student in 

depth, how many millions of Americans have to be put out of jobs to 
accomplish what you want to do ?

Dr. COMMONER. None.
Senator PASTORE. That is the p6int I make. So why can't we have 

the best of two worlds? Your argument is priority should be given 
to ecology and forget the economy.

Dr. COMMONER. No, I didn't say that, sir.
Senator PASTORE. You intimated that more or less.
Dr. COMMONER. I am sorry to disagree with you—what I said—in 

fact I have been criticized for not forgetting the economy.
The point is ecological considerations raise serious economic con 

siderations which we dare not forget. I have made this point in writing 
about the South Carolina situation. When that plant was blocked at 
Hilton Head, and the unemployed were unable to get jobs, it seems 
to me this raised the issue of guaranteed employment.

In other words, the point I am making is that we should not use 
the. job issue as a way of blocking ecologically needed changes. The 
way to avoid that is to face an old economic, social and political issue, 
which is imminent.

In other words, the environment is far from a motherhood issue, 
it uncovers the most difficult unsolved problems that have troubled 
this country. '

Senator PASTORE. But this is what you say in the statement, "recent 
statements by the President and some other administration officials 
led me to believe that they are so unwilling to consider changes in our 
economic system as to raise a danger that we will sacrifice the en 
vironment on the altar of economic dogma." That is a pretty strong 
statement.

Dr. COMMONER. Yes.
Senator PASTORE. Isn't that like saying "public be damned?"
Dr. COMMONER. I will now quote from Mr. Nixon's speech of Sep 

tember 23d this year in Detroit. He said "we are committed to cleaning 
up the air and cleaning up the water, but we are also committed to 
a strong economy and we are not going to allow the environmental 
issue to be used, sometimes falsely, and sometimes in a demogogic 
way, basically to destroy the system, the industrial system that made 
this the great country that it is."

Senator PASTORE. What is wrong with that otatement?
Dr. COMMONER. What is wrong with it ?
Senator PASTORE. I think it is a classic.
Dr. COMMONER. My criticism of that statement is that it holds our 

present economic system inviolate. What I think is inviolate is the 
ecological system. And I think that if there is a clash between them, 
and there is, I think the economical system must give way to the 
ecological system, or we won't survive.

I believe we have the competence and the intelligence to do this 
in a rational way; but we will never do it unless we face the issue 
squarely.

And that is what I am trying to do here.
Senator PASTORE. I know.
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I come back to what I said, I think Mr. Nixon said let's do both. 
That is what that statement means to me.

Senator HATFIELD. Mr. Chairman?
Senator ROLLINGS. Senator Hatfield ?
Senator HATFIELD. Actually, Dr. Commoner, aren't we sort of 

involved here in semantics? Because if you look at the comments that 
I have read at least in your paper on page 3, are you not asking the 
public to forgo products; are you not asking us to return to a pristine, 
primitive society?

You are showing some options that we have in terms of whether 
we want to use soap or detergents, rail travel or truck travel, and in 
many ways yon are actually suggesting here, as I see it, more employ 
ment, because there was a definite impact on this whole pattern of 
labor costs that were a part of the motivation behind the new 
technology.

Dr. COMMONER. Exactly.
Senator HATFIELD. So consequently I don't think it has to be "either/ 

or." I don't interpret this as an "either/or." I see it as giving us the 
statistical evidence showing the dangers we now are encountering, 
because we have moved to these various plastics and substitute prod- 
ducts, at an expense to pur environment. It is not a matter of not 
keeping clean or of keeping clean; it is not a matter of stopping all 
transportation or expanding transportation. It is just a matter of 
choice here.

You make the comments that you have, that within 35 to 50 years 
the oceans may become barren. I sat in the Dartmouth Conference 
in Kiev last summer and listened to Dr. Peterhof, the atmospheric 
scientist from the Soviet Union say within 50 years the atmosphere 
will be totally unliveable for human beings. We will face this situation 
confronting us with the ocean and the atmosphere. I think you have 
made a tremendous contribution here to jar us enough to face up to 
some of these decisions that the scientists cannot make, that only the 
politicians can make, and we have to face up to these hard decisions 
and make some choices.

We also must stop this polarized thinking, driving people into 
extreme positions, rather than trying to reconcile, these various i eds 
of man with" the' choices we have to meet those needs. I think you 
have made a tremendous contribution. I thank you for it.

Dr. COMMONER. Thank you, Mr. Hatfield. You have summarized 
my position very well.

The only thing I would add is that we have to go notice that some 
of the things that give way-will be in the realm of economics and you 
are absolutely right, that is not the scientists' business. In effect what 
I am trying to do is turn the problem over to you.

Senator HATFIELD. Let me give you an example, Mr. Chairman. 
This-bame Commerce Committee has been holding meetings, the Sub 
committee on Environment, and we have been talking about the prob 
lems of new chemicals coming into the market, and we are considering 
legislation here, as may have already been introduced into the record, 
that would require pretesting and preclearahce for new chemicals 
under the Toxic Substances Act, which I think is an appropriate role 
for government.

Of course, this is taking the situation as of today and looking ahead. 
But we have to go back and try to un-do some things that have been
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improperly done. I think this is an example of what you are saying: 
We have to utilize the power of government to set these priorities and 
help make those choices.

Dr. COMMONER. Exactly. Absolutely.
Senator PASTORE. Well, I endorse the Hatfield speech.

, Senator ROLLINGS. Dr. Commoner, I have been rather silent, because 
we want to moy on and hear Mr. Downs, but you have made a very 
brilliant contribution. I have worked both sides of the aisle, govern 
ment and industry. I have brought new jobs and new industry into my 
State. I worked on this pollution problem with the BASF in Beaufort, 
South Carolina. They had no idea of compliance. And when they 
started writing letters to me that they were going to comply with 
the law, really they were trying to evade and avoid coming up with 
plans that we could present to the Department of Interior. In turn 
there are many more jobs down there with the fisheries, with the 
development of tourism, and other opportunities in this particular 
area tnan BASF would Jiave provided to the very low income citizens.

Specifically we all know that the oceans program is dragging its 
feet. It dragged its feet under President Kennedy. It dragged its feet 
under President Johnson. It was due to this Congress that we got 
the Stratton Commission and President Nixon instituted NOAA.

We had a conference last week on how we could get the Administra 
tion going again in giving attention to the oceans, giving attention 
to the pollution problem, as the President gave in his Reorganization 
Plan No. 4 setting up the National Oceanic and Atmospheric Adminis 
tration. So we are trying to move it along, and you have helped us 
in a magnificent way.

Let me ask this, because you are now talking about population, and, 
really, that new technology has caused the population explosion since 
World War II. What answer do I give to the argument that it is just 
a newly discovered subject, that" we have been having this pollution 
all of the time?

What is that answer to that ?
Dr. COMMONER. The answer is in the data, some of which is sum 

marized in the paper I submitted for the record. I think the phos 
phate story is perfectly clear. It is true that as we have disposed of 
more and more sewage into surface waters, the phosphate levels have 
gone up. But as I pointed out, in 30 years before World War II, the 
phosphate level about doubled. In the time since World War II, phos 
phate levels have gone up sevenfold.

In other words, we have in many cases introduced wholly new 
pollutants, man-made radioactivity, all of the-synthetic materials; 
they are all, really postwar; the use of intense fertilizer—again the 
nitrogen picture is a very gradual rise in the use of fertilizer up to 
the war and then about a tenfold increase.

So that the actual data show that the impact on the environment 
has gone up by, an average of tenfold since 1946. All you have to do 
is just look at,the actual numbers. I think that is the answer.

Now the other side of it is that, yes, we have been -carrying out 
activities such as burning garbage arid dumping sewage into the water, 
and there is a limit to the insult that you can impose on an ecosystem. 
And we are beginning to run out of ecosystems to destroy.

So that the .other reason for the sharp change is that we have used
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up the mortgage credit that we have in the environment. And here, 
too, it means that there has been a decisive change in the last 25 years.

Senator ROLLINGS. What, in your opinion, would be needed on a 
worldwide basis to save the oceans ?

Dr. COMMONER. It seems to me that the kind of economic reorgani 
zation that I tried to outline in the United States, namely, redoing 
the technological transformation of our industry and agriculture since 
the waryin a proecological way. That Hs to be applied, it seems to me, 
to every industrial nation of the world. But in order to do that, they 
will have to change their relationships with the developing countries.

For example, if we were to give up synthetic fibers in favor of 
natural ones, the ecologically sensible place to get our cotton from 
would be some of the developing countries, such as Egypt and India; 
or, take a very sharp example: We pollute the environment in,part 
by making synthetic rubber for the reasons I have already given. 
That can oe replaced by natural rubber, but we can't produce it in 
the United States. We would have to get the natural rubber from 
tropical countries. But they are interested in their technological de 
velopment and what I favor—and this again is something I discussed 
in my new book—would be for Malasia, for example, not to export 
rubber, but tires.

In other words, we would have to reorganize the dependence of 
one nation on another in a way which makes sense ecologically, and 
again, I must tell you honestly that I am aware that the ecological 
sense would look to a military man, for example as a disaster. Imagine 
saying that we have to be dependent on Malasian tires for our equip 
ment f And again, I think there is no sense in ducking the fact that if 
we want to be ecologically rational, we are going to have to face the 
most severe economic, social and political questions that the world has 
ever faced.

And in order to re-do the relationships among countries, we will 
have to solve some of these despite the political problems which I think 
we have just seen in a trivial way in the textile situation.

Just one other point I want to make, and that is again that when 
you look seriously at any environmental issue, what it does is to un 
cover the most difficult economic, social and political problems that 
we hmre managed to forget. You look at ecology and you realize we 
cannot tolerate the entire notion of nuclear weapons. You look at the 
ecology and. you realize we can't tolerate the kind of trade barriers 
that nave sprung up.

You look at the ecology and you realize that we cannot tolerate the 
unemployment situation. Right down the line.

Now, what I am pleading with you is to pick up from us in the 
scientific community this issue which belongs in the hands of the 
Congress and the public rather than in the academic community.

Senator HOLLINGS. We thank you very, very much.
Senator STEVENS. Yes. I would not want the record to indicate I 

disagree with you on that. I hope that you understand that. I just 
cannot understand that the academic community should become overly 
partisan in approaching the subject, that is all.

Senator ROLLINGS. Well, let the record show that Dr. Commoner 
is the first witness we have had up here who has had a kind word for 
railroads.

(The statement follows:)
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It is now widely appreciated that the world is face to face with 
an environmental crisis. We now know that environmental pollution is 
not only an affront to the senses and a threat to human health. More 
seriously, environmental degradation is a sign that the global ecosystem-- 
which supports all life and all human activities—is under stresses which, 
if not .relieved, will eventually destroy it. We now know the full, grim 
truth: what is at risk in the environmental crisis is human survival.

Clearly every inhabitant of the earth ought to have an equal 
interest in the integrity of the environment. However, in reality there 
are .sharp differences in national attitudes toward the issue. Especially 
in relation to the forthcoming 1972 United Nations Conference on the 
Human Environment, a striking conflict between the attitudes of industrial 
ized and developing nations toward the environmental crisis has developed. 
This divergence is understandable. Three main factors are involved in 
environmental pollution: growth of population; increased affluence,• or 
production per capita; the introduction of new technology. The conflict 
has arisen because each of these factors has a sharply different import 
for industrialized and developing nations.
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A commonly voiced—and, as I shall try to show, largely erroneous- 
idea is that environmental pollution is chiefly due to the pressure of growing 
population and affluence on the limited resources available from the eco 
system. On these grounds it is often asserted that control of population 
growth and reduction in per capita consumption are essential if environ 
mental collapse is to be avoided. This is a foreboding outlook fox the 
developing nations, which are struggling to sustain rapidly rising populations, 
and to increase the exceedingly low levels of consumption of their pe.oples.

*"!»-*W -^-- t — * . *-.- *«„»•*-» -•-.» «

• At the same time, it is pointed out that environmental deterioration 
is also the consequence of modern production technologies.,-which, as 
presently designed, release massive amounts of pollutants into the environ 
ment. On these grounds developing nations are sometimes advised to be 
wary of modern industrialization. This advice conflicts with their intense 
desire to bring to their peoples the material advantages which have already 
accrued to industrialized nations from technology.

Given such a view of the origins of the environmental crisis, 
the interests of industrialized and developing nations toward environmental 
problems do appear to be in sharp conflict. If unresolved, this conflict 
may have tragic effects on the urgent and difficult task, which is essential 
to the welfare of both industrialized and developing nations, of closing 
the growing gap between-the quality of life enjoyed by the rich and the 
poor, wherever they live.

However, I believe that this conflict reflects a faulty analysis 
of the environmental crisis. In the analysis which follows I shall try to show 
why the effects of population growth and increased affluence on environ 
mental deterioration have been seriously misconstrued and that these 
factors need not hinder the legitimate desire of developing countries to 
improve the lot of their people. Moreover, I shall propose that a . 
fundamental solution of the environmental crisis will require that the 
present technological dependence of developing nations on industrialized 
ones be reversed in certain significar aspects. Like the ecosystem 
itself, the environmental crisis is a gi^_-al problem which demands 
global solutions.

*•

In order to analyze'the origins of environmental degradation 
it is essential to begin with an understanding of the properties of the 
environment. These may be summarized as follows:
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The Ecosphere

1) The environment is defined as a system comprising the earth's 
living things and the thin global skin of air, water and soil which is their 
habitat.

2) In nature, this system, the ecosphere, is the product of the joint, 
interdigitated evolution of living things and of the physical and chemical con 
stituents of the earth's surface. On the time scale of human life the evo 
lutionary development of the ecosphere has been very slow and irreversible. 
Hence, the ecosphere is irreplaceable; if it should be destroyed, it could 
never be reconstituted or replaced either by natural processes or by human 
effort. ' _ . .

3) The basic functional element of the ecosphere is the ecological 
cycle, in which each separate element influences the behavior of the rest 
of the cycle, and is in turn itself influenced by it. For example, in surface 
waters fish excrete organic waste, which is converted by bacteria to inorganic 
products; in turn, the latter are nutrients for algal growth; the algae are eaten 
by the .fish, and the cycle is complete. Such a cyclical process accomplishes 
the self-purification of the ecosystem, in that wastes produced in one step 
in the cycle become the necessary raw materials for the next step. Such 
cycles are cybernetically self-governed, dynamically maintaining a steady 
state condition of indefinite duration. However if sufficiently stressed by 
an external agency, the. ecosystem may exceed the limits of self-adjustment 
and eventually collapse. Thus, if the aquatic cycle is overloaded with 
organic animal waste, the amount of oxygen needed to support waste decom 
position by the bacteria of decay may be greater than the oxygen available 
in the water. The oxygen level is then reduced to zero; lacking oxygen, the 
bacteria die and this phase of the cycle stops, halting the cycle as a whole.

4) Human beings are dependent on the ecosphere not only for their 
biological requirements (oxygen, water, food) but also for resources which 
are essential to all productive activities. These resources, together with 
underground minerals, are the irreplaceable and essential foundation of all 
human societies.

5) If we regard economic processes as the means which govern 
the disposition and use of resources available to human society, then it is 
evident from the above that the continued availability of those resources 
which are derived from the ecosphere (i.e., non-mineral resources), 
and therefore ihe stability of the ecosystem, is an essential prerequisite 
for the success of any economic system. More bluntly, any economic 
system which hopes to survive must be compatible with the continued 
operation of the ecosystem.



76

6) Because the turnover rate of an ecosystem is inherently 
limited, there is a corresponding limit to the rate of production of any 
of its constituents. Different segments of the global ecosystem (e. g., 
soil, fresh water, marine ecosystems) operate at different intrinsic 
turnover rates and therefore differ in the limits of their productivity. 
On purely theoretical grounds it is self-evident that any economic system 
which is impelled to grow by constantly increasing the rate at which it 
extracts wealth from the ecosystem must eventually drive the ecosystem 
to a state of collapse. Computation of the rate limits of the global eco 
system or of any major part of it are, as yet, in a rather primitive state. 
Apart from the foregoing theoretical and as yet unspecified limit of 
economic growth, such a limit may aris.e much more rapidly if the growth 
in the output of goods by the economic system is dependent on productive 
technologies which are especially destructive of the stability of the eco 
system. As will be shown below this is precisely the situation in a modern, 
industrialized country such as the United States.

7) Unlike all other forms of life, human beings are capable of 
exerting environmental effects which extend, both quantitatively and 
qualitatively, far beyond their influence as biological organisms. Human 
activities have also introduced into the environment not only intense stresses 
due to natural agents (such as ecologically-misplaced bodily wastes), but 
also wholly new substances not encountered in natural environmental 
processes: artificial radioisotopes, detergents, pesticides, plastics, 
a variety of toxic metals and gases, and a host of man-made, synthetic 
substances. These human intrusions on the natural environment have 
thrown major segments of the ecosystem out of balance.

8) Environmental pollution is the symptom of the resultant 
breakdown of the environmental cycles. The fouling of surface waters is 
largely the result of overloading the-natural, limited jcycle of the aquatic 
ecosystem either by direct dumping of organic matter, in the form of 
sewage and industrial wastes, or indirectly by the release of algal nutrients 
produced by waste treatment, or leached from over-fertilized soil. Water 
pollution is a signal that the natural, self-purifying a quatic ecological 
cycle has broken down. Similarly, air pollution is a sign that human 
activities have overloaded the self-cleansing capacity of the weather system 
to the point at which the natural winds, rain, and snow are no longer 
capable of cleaning the air. The deterioration of the soil shows that the 
•oil system is being over-driven, that organic matter, in the form of food, 
is being extracted from the cycle at a rate which exceeds the rate of re 
building of the soil's.humus. The technical expedient of attempting to 
ejpslde this problem by loading the soil with inorganic fertilizer is capable 
of restoring the crop yield--but at the expense of increasing pollution of
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the water and the air. Pollution by man-made synthetics, such as 
'pesticides, detergents and plastics, and by the dissemination of materials 
not naturally part of the environmental system, such as lead and mercury, 
is a sign that these materials cannot be accommodated by the self-purifying 
capabilities of the natural system. As a result they accumulate in places 
harmful to the ecosystem and to man.

• •»« • «'

The Pollution Problem

The environmental crisis tells us that there is something seriously • 
wrong with the way in which human beings have occupied their habitat, the 
Earth. It confronts us with the need to specify what has gone wrong and 
why. Clearly, the fault must be due to human activities; the growth of 
population, the nature of science and technology, the meeng of producing, 
accumulating, .distributing and using the wealth extracted from the earth's 
natural system. For no one has argued, to my knowledge, that the recent 
intensification of pollution on the earth is the result of some change in the 
natural Sector, independent of man. Indeed the few remaining areas of 
the world that are relatively untouched by the powerful hand of man are, 
to that degree, free of smog, foul water and deteriorating soil. We must 
seek, then, to account for environmental deterioration by finding its function 
al. . relationship to human activities on the earth.

One explanation that is sometimes advanced is that man is a "dirty" 
animal--that unlike other animals man is likely to "foul his own nest." 
Somehow, according to this view, man lacks other animals' tidy nature, 
so that environmental pollution increases with the growth of the human 
population.

This explanation is basically faulty, for the "neatness"of animals 
in nature is not the result of their own sanitary activities. On the contrary, 
no animal, or any other living thing, for that matter, acts on its own wastes. 
What removes these wastes is the activity of other living things, which use 
them as nutrients. The reason why wastes do not accumulate in a natural 
non-human situation is that there are no "wastes" in the sense that everything 
produced by one type of animal, plant or microorganism is used by some 
other living thing. As long as these cyclical relations remain unbroken, 
no substance, no waste can accumulate. Human beings pollute the environ 
ment only because their activities have broken out of the closed, cyclical 
network in which all other living things are held.

Indeed, at least on the relatively short time-scale that is involved 
in our present pollution problems, no living thing that is itself part of an 
ecosystem can possibly degrade it for the system's circularity enables 
it to adjust, automatically, to changes that arise from within. It is stressed, 
or polluted, usually by an outside agency. Thus, so long as human beings
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held their place in the terrestrial ecosystem--consuming food produced 
by the soil, oxygen released by plants, returning organic wastes to the 
soil and carbon dioxide to the plants--they could do relatively little 
ecological harm. However, once removed from this cycle, for example 
to a city, so that bodily wastes are not returned to the soil but to surface 
water, the population is (separated from the ecosystem of which it was 
originally a part. Now the wastes become an external stress on the 
aquatic system into which they intrude, overwhelm the system's self- 
adjustment, and pollute it. Environmental pollution is therefore generated not so 

michby human biological activities, as by human social activities; agri 
culture industry, transportation and urbanization--which greatly distort 
the impact of man's biological effects on & multiplicity of natural cycles, 
and introduce, as well, a number of unnatural effects.

Certain human activities, for example, agriculture, forestry 
and fishing, represent direct exploitation of the productivity of a particular 
ecosystem. In these cases, a constituent of the ecosystem which has 
economic value--for example, an agricultural crop, timber or fish—is 
withdrawn from the ecosystem. This represents an external drain on the 
system which must be carefully adjusted to natural and man-made inputs 
to the ecosystem if collapse is to be avoided. Examples include the 
destructive erosion of agricultural or forest lands following overly-intense 
exploitation, or the incipient destruction of the whaling industry due to the 
extinction of whales,

•

Environmental stress may also arise if the amount of a particular 
ecosystem component is deliberately augmented from without, either to 
dispose of human waste or in an effort to accelerate the system's rate of 
turnover and thereby increase the yield of an extractable good. An example 
of the first sort is the dumping of sewage into surface waters. An example 
of the second sort is the use of fertilizer nitrogen in agriculture.

Finally, environmental degradation may be doe to the intrusion into 
an ecosystem of a substance wholly foreign to it. Perhaps the simplest 
example is a synthetic plastic, which unlike natural polymers is incapable 
of be.ing degraded by decay.microorganisms, and therefore persists as 
rubbish or is burned—in both cases causing pollution. In the same way, 
if a toxic substance such as mercury or lead, which plays no role in the 
chemistry of life and interferes with the actions of substances which do, 
intrudes at a sufficient concentration on an ecosystem it is bound to cause 
damage. Hence, any productive activity which introduces substances that 
are foreign to the natural environment runs a significant .risk of polluting 
it. .
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The Origins of Environmental Impacts

Our task, then, is to discover what activities of human society 
generate environmental impacts—that is, pollutants foreign to the eco 
system which tend to degrade its capacity for self-adjustment.

In what follows, I wish to report the results of an initial effort 
in this direction, which is based on an analysis of the environmental 
situation in one of the most intensely polluted areas of the globe--the 
United States. In the United States most pollution problems are of- 
relatively recent origin. The post-war period, 1945-46, is a convenient 
benchmark, for a number of pollutants --man-made radioisotopes, 
detergents, plastics, synthetic pesticides and herbicides—are due to 
the emergence, after the war, of new productive technologies. The 
statistical data available for this period in the United States provide a 
useful opportunity to compare the changes in the levels of various pollutants 
with the concurrent activities of the United States productive system that 
might be related to their environmental effects.

Although, unfortunately, we lack sufficient comprehensive data 
on the actual environmental levels of most pollutants in.the United States, 
some estimates of historical changes can be made from intermittent 
observations, and from computed data on emissions of pollutants from 
their sources. Some of the available data are summarized in Table I, 
which indicates that since 1946, emissions of pollutants have increased'by 
200-2000%. In the case of phosphate, which is a pollutant of surface 
waters, and enters mainly from municipal sewage, data on the long term 
trends are available; these are shown in Figure 1. In the 30-year period 
between 1910 and 1940 phosphorus output from municipal sewage increased 
gradually from about 17 million Ibs. /year to about 40 million Ibs. /year. 
Thereafter the rate of output rose rapidly; so that in the 30-year period 
1940-1970 phosphorus output increased to about 300 million Ibs. /year.

It should be noted that these are data regarding the computed 
emission of pollutants, which are not necessarily descriptive of their actual 
concentrations in the environment or of their ultimate effects on the eco 
systems or on human health. Numerous, complex and interrelated pro 
cesses intervene between the entry of a pollutant into the ecosystem and 
the expression of its biological effect. Moreover, two or more pollutants 
may interact synergistically to intensify the separate effects. Most of 
these processes are still too poorly understood to enable us to convert 
the amount of a pollutant entering an ecosystem to a quantitative estimate 
of its degradative effects. Nevertheless it is self-evident that these 
effects (such as the incidence of respiratory disease due to air pollutants, 
or of algal overgrowths due to phosphate and nitrate) have increased sharply.
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along with the rapid rise of pollutant levels, since 1946. Since pollutant 
emission is a direct measure of the activity of the source, it is a useful 
way to estimate the contributions of different sources to the overall degra 
dation of the environment.

If we define the amount of a given pollutant introduced annually 
into the environment as the environmental impact (I), it then becomes 
possible to relate this value to the effects of three major factors that 
might influence the value of I by means of the following identity:

i

I = Population . Economic Good . Pollutant
Population Economic Good

Here Population refers to the size of the United States population in a given 
year, Economic Good refers to the amount of a designated good produced 
(or where appropriate, consumed) during the given year, and Pollutant 
refers to the amount of a specific pollutant (defined as above) released 
into the environment as a result of the production (or consumption) of the 
designated good, during the given year. This relationship enables the 
estimation of the contribution of three factors to the total environmental 
impact: (a) the size of the population; (b) production ( or consumption) per 
capita, i.e., "affluence;" (c) the environmental impact (i. e., amount of 
pollutant) generated per unit of production (or consumption),.which reflects 
the nature of the productive technology.

Since we are concerned with identifying the sources of the sharp 
increases in the environmental impacts experienced in the United States 
in the period 1946-present, it becomes of interest to examine the con 
current changes in the nation's productive activities. The most general 
data relevant to these changes are presented in Figure 2. In the period 
1946-68 United States population has increased, at an approximately constant 
rate by about 42%; GNP (adjusted to 1958 dollars) has increased exponentially 
by about 126% in that period; GNP per capita has also ̂ ncf eased approxi 
mately exponentially by about 59%.

We can see at once that, as a first approximation, the contribution 
of population growth to the overall values of the environmental impacts 
generated since 1946 is of the order of 40%. In most cases, this represents 
a relatively small contribution to the total environmental impact, since as 
indicated in Table I, these values increased by 200-2000%, in that period of 
time.
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In order to evaluate the effects of the remaining factors it is 
useful to examine the growth rates of different sectors of the productive 
economy. For this purpose a series of productive activities which are • 
likely to contribute significantly to environmental impact and are repre 
sentative of the overall pattern of the economy have been selected. From 
the. annual production (or where appropriate, consumption) data for the 
United States as a whole, which are available from government statistical 
reports, the annual percentage rates of increase or decrease are calculated, 
by computer. The results of these computations are prevented in Figure 3, 
from which it is possible to derive certain useful generalizations about the 
pattern of economic growth, which are relevant to environmental impacts, 
in the United States.

a) Production and consumption of certain goods have increased 
at an annual rate about equal to the annual rate of increase of the population, 
so that per capita production remains essentially unchanged. This group 
includes food, fabric and clothing, major household appliances and certain 
basic metals and building materials, including steel and copper, and brick. 
In effect, with respect to these basic items average "affluence," i.e., 
per capita production (or consumption) has remained essentially unchanged 
in 1946-68.

b) The annual production of certain goods has decreased since 
1946, or has increased at an annual rate below that of the population. 
Horsepower produced by work animals is the extreme case; it declined at 
an annual rate of about 10%. Other items in this category are: saponifiable 
fat, cotton fiber, wool fiber, lumber, milk, railroad horsepower, and 
railroad freight. These are goods which have been significantly displaced 
in the pattern of production during the course of the overall growth of the 
economy. Cultivated farm acreage also declined in this period.

c) Among the productive activities which have increased at an 
annual rate in excess of that exhibited by the population, the following 
classes can be discerned:

i) Certain of the rapidly increasing productive activities 
are substitutes for activities that have declined in rate, relative to 
population. These generally represent technological displacement of an 
older process by a newer one, with the sum of goods produced remaining 
essentially constant, per capita, or increasing somewhat. These displace 
ment processes include the following: (a) natural fibers (cotton and wool) 
by synthetic fibers; (b) lumber by plastics;

T4-4W O - 7J - 7
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(c) soap by detergents; (d) steel by-aluminum and cement; (e) railroad 
freight by truck freight; (f) harvested acreage by fertilizer; (g) returnable 
by non-returnable bottles.

•

ii) Certain of the rapidly growing productive activities evident in 
Fig. 3 are secondary consequences of displacement processes. Thus the 
displacement of natural products by synthetic ones involves the use of much 
increased amounts of synthetic organic chemicals, so ..it, this category 
has increased sharply. Moreover, since many organic syntheses require 
chlorine as a reagent, the rate of chlorine production has also increased 
rapidly. Finally, because chlorine is efficiently produced in .a mercury 
electrolytic cell, the use of mercury for this, purpose has also increased at 
a very considerable rate. Similarly, the rapidly rising rate of power 
utilization is/ in part, a. secondary consequence of certain displacement 
processes for a number of the new technologies are more power-consumptive 
than the technologies which .they replace.

iii) Finally, among the rapidly growing productive activities evident 
in Fig. 3 are some which represent,neither displacements of older tech 
nologies, nor sequelae to such displacements, but true increments in per 
capita availability of goods. An • aruple of this category is consumer • 
electronics (radios, television sets, sound equipment, etc.). Such items 
represent true increases in "affluence."

In sum, the pattern of growth in the United States economy in 1946- 
68 may be generalized as follows. Basic life necessities, representing 
perhaps 1/3 of the, total GNP, have grown in annual.production at about the 
pace of population growth, so that no significant overall change in per capita . 
production has taken place in this period. However, within these general 
categories of goods—food, fiber and clothing, freight haulage, .household 
necessities—there has been a pronounced displacement of natural products 
by synthetic ones, of power-conservative .products by relatively power- 
consumptive ones,- of reusable containers by "disposable" ones. -

Given the foregoing data we can now determine the relative costs, 
in intensity of environmental impact, of .the several distinctive features of 
the growth of the United. States economy from 1946 to the present. An examina 
tion of this question reveals that most of the sharp increases in environmental 
impact which have occurred in the United States since 1946 result from the 
introduction of new productive technologies which generate more severe 
environmental.impacts than the technologies which they replace. The 
relevant data are presented in what follows:
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1) Agricultural Production •
As shown in Fig. 3, agricultural production in the United States, 

as measured by the U. S. Department of Agriculture Crop Index,-has 
increased at about the same rate as the population since 1946. However, 
the technological methods for achieving agricultural production have 
changed significantly in that period. One important change is illustrated 
by Fig. 4, which shows that although agricultural production per capita 
has increased only slightly, harvested acreage has decreased, and the use 
of inorganic nitrogen fertilizer has risen.sharply. This displacement 
p- cess--i.e. of fertilizer for land—leads to-a considerably increased 
er.vironmental impact.

Briefly stated the relevant .ecological situation is the following.^ 
Nitrogen, an essential constituent of all living .things, is available to plants 
in nature from organic nitrogen, stored in the soil in the form of humus. 
Humus is broken down, by bacteria to release inorganic forms of nitrogen, 
eventually as nitrate. The latter is taken up by the plant roots and recon 
verted to organic matter, such as the plant's, protein. Finally the plant -' 
may be eaten by a grazing animal, which returns the nitrogen not retained 
in the growth of its own body to the soil as bodily wastes.

Agriculture imposes .a negative drain on this cycle; nitrogen is 
removed from the system in the form of the plant crop or of the livestock 
produced from it. In ecologically sound husbandry all of the organic nitrogen 
produced by the soil system, other than the food itself—plant residues, 
manure, garbage—is returned to the soil, where it is converted by complex 
microbial processes to. humus and-thus helps to restore the soil's organic 
nitrogen content. The deficit, if it is not too large, can be made up by the 
process of nitrogen fixation--in which bacteria, .usually in close association 
with the roots of certain-plants,take up nitrogen gas from the airland convert 
it into organic form. If the nitrogen cycle is not in balance, agriculture 
"mines" the soil nitrogen, progressively depleting it. This process does 
more than reduce the store of organic nitrogen available to support plant 
growth, for humus is not only a nutrient store. Due to its polymeric structure 
humus is also responsible for the porosity of the soil to air. And air is 
essential to the. soil, not only as a source of nitrogen for fixation, but also 
because ijts oxygen is essential to the root's metabolic'activity, which in turn 
is the driving force for the absorption of nutrients.by the roots. In the 
United States, .for example in Corn Belt soils, .about 1/2 of the original soil 
organic nitrogen has been lost since 1880., Naturally, other things being equal, 
such soil is relatively infertile and produces, relatively poor crop yields.
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However, beginning after World War II a technological solution was 
intensively applied to this problem; sharply increasing amounts of inorganic 
nitrogen were applied to the soil in the form of fertilizer. Annual nitrogen 
fertilizer usage in the United States increased about 14-fold between 1946 
and 1968.

In effect, then, nitrogen fertilizer can be regarded as a substitute 
for land. With the intensive use of fertilizer it becomes possible to 
accelerate the turnover rate of the soil ecosystem, so that each acre of 
soil annually produces more food than before. The economic benefits of 
this new agricultural technology are appreciable, and self-evident. 
However, this economic advantage may be counterbalanced by the increased 
impact on the environment. This arises because, given the reduced humus 
content of the soil, the plant's roots do not efficiently absorb the added 
fertilizer. As a result an appreciable part leaches from the soil as nitrate 
and enters surface waters where it becomes a serious pollutant. Nitrate 
may encourage algal overgrowths, which on their inevitable death and decay 
tend to break down the self-purifying aquatic cycle.

Excess nitrate from fertilizer drainage leads to another 
environmental impact, which may affect human health. While nitrate in 
food and drinking water appears to be relatively innocuous, nitrite is not, 
for it combines with hemoglobin in the blood, converting it to methemoglobin- 
which cannot carry oxygen. Unfortunately nitrate can be converted to 
nitrite by the action of bacteria in the intestinal tract, especially in infants, 
causing asphyxiation and even death. On these grounds, the United States 
Public Health Service-has established 10 ppm of nitrate nitrogen as'the 
acceptable limit of nitrate in drinking water. In a number of agricultural 
areas in the United States nitrate -levels in water supplies obtained from 
wells, and in some instances from surface waters have exceeded this limit. 
Our own studies in the area of Decatur, Illinois show quite directly that in 
the spring of 1970 when the city's water supply, which is derived from an 
impoundment of the Sangamon River, recorded 9 ppm of nitrate nitrogen, 
a minimum of 60% of the nitrate was derived from inorganic fertilizer 
applied to the surrounding farmland.

The effect of this change in agricultural technology is evident from 
Table EL, which compares the influence of the several relevant factors 
on the total environmental impact due to fertilizer nitrogen in 1949 and 
1968. During that period the total annual use of fertilizer nitrogen, i.e. the 
total environmental impact,increased 648 percent. The influence of 
population size increased by 34%; the influence of crop production per-capita
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("affluence") increased by 11%; the influence o'f the change in fertilizer 
technology increased by 405%. Clearly the last factor dominates the large 
increase in the total environmental impact of fertilizer nitrogen. 
Specifically, it should be noted that in 1949 about 11, 000 tons of fertilizer 
nitrogen were used per unit crop production, while in 1968 about 57,000 tons 
of nitrogen were employed for the same crop yield. This means that the 
efficiency with which fertilizer nitrogen contributes to crop yield has 
declined 5-fold. Obviously an appreciable part of the added nitrogen does 
not enter the crop and must appear elsewhere in the ecosystem.

The biological basis for this effect is shown in Figure 5, which 
compares the coin yield in the State of Illinois, with the concurrent 
amounts of nitrogen fertilizer added to the soil? This shows that as 
fertilizer levels increased the yield per acre rose, but eventually leveled 
off due to the natural limits of plant growth. Thus, between 1962 and 1968, 
fertilizer usage doubled, but crop yield rose only about 10-15%. Clearly 
at the higher levels of fertilizer usage an increasingly small proportion of 
the fertilizer contributes to the crop. As indicated earlier, the remainder- 
leaches into surf ace'waters where it causes serious pollution problems. 
Thus, this innovation in agricultural technology sharply increases the 
environmental stress due to agricultural production.

A similar situation exists in the case of pesticides. This is shown 
by the changes in the environmental impact index-of pesticides between 
1950 and 1967 (Table in). In that time there was a 168% increase in the 
amount of pesticides used per unit crop production, as a national average. 
By killing off natural insect predators and parasites of the target pest, 
while the latter often becomes resistant to insecticides, the use of modern 
synthetic insecticides tends to exacerbate the pest problems that they were 
designed to control. As a result increasing amounts of insecticides must 
be used to maintain agricultural productivity. For example, in Arizona 
insecticide use on cotton tripled between 1965 and 1967, with no significant 
change in yield. Insecticide usage is, so to speak, self-accelerating- 
resulting in both a decreased efficiency and an.increased environmental 
impact.

Another technological displacement in agriculture is the increased 
use of feedlots for the production of livestock in preference to range feeding. 
Range-fed cattle are integrated into the soil ecosystem; they graze the soil's 
grass crop and restore nutrient to the soil as manure. When the cattle 
are maintained instead in huge pens, where they are fed on corn and deposit 
their wastes intensively in the feedlot itself, the wastes do pot return to
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the soil. Instead the waste drains into surface waters where it adds to 
the stresses due to fertilizer nitrogen and detergent.phosphate. The 
magnitude of the effect is considerable. At the present time the organic 
waste produced in feedlots is more than the organic waste produced by all 
the cities of the United States. Again, the newer technology has a serious 
environmental impact, and in this case has displaced a technology with an 
essentially zero environmental impact.

2) Textiles; Figure 6 describes changes in textile production 
since 1946. While total fiber production per capita has remained constant, 
natural fibers (cotton and wool) have been-significantly displaced by 
synthetic ones. This technological change considerably increases the 
environmental impact due to fiber production and use.

One reason is that the energy required for the synthesis of the 
final product, a linear polymer (cellulose in the case of cotton, keratin in 
the case of wool and polyamides in, the case of nylon) is greater for the 
snythetic material. Although quantitative data are not yet available, this 
is evident from the comparison of two productive processes provided by 
Table IV. Nylon production involves as many as 10 steps of chemical 
synthesis, each requiring considerable energy in the form of heat and 
electric power to overcome the entropy associated with chemical mixtures 
and to operate the reaction, apparatus. In contrast, energy required for the 
synthesis of cotton is derived, free, from a renewable source--sunlight— 
and is transferred without combustion and resultant air pollution. M& re over, 
the raw material for cellulose synthesis is carbon dioxide and water, both 
freely available renewable resources, while the raw material for nylon 
synthesis is petroleum or a similar .hydrocarbon—non-renewable resources. 
As a result it would appear that the environmental stress due to the production 
of such an .artificial .fiber is probably well in excess of that due to the 
production of an equal weight of cotton. This is.only an approximation, for 
we need far more detailed, quantitative estimates, in the form of the 
appropriate environmental impact indices, that would'alsp take into account 
the fuel and. other materials used in the production of cotton.

Because a synthetic fiber such as nylon is unnatural, it also has 
a greater impact on the environment as a waste material, than do cotton or 
wool. The natural .polymers, in cotton and, wool,, cellulose and keratin, are 
important constituents of the soil ecosystem. Through the action of molds 
and decay; bacteria they,contribute to the formation of humus—a substance 
which is essential to the-natural, fertility of the soil. In this process , 
cellulose is readily broken down in the. soil ecosystem. Thus, in nature, 
cellulose and keratin are simply not "wastes", because they provide 
essential nutrients for soil microorganisms. Hence they cannot accumulate.
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This results from the crucial fact that for every polymer which is produced 
in nature by living things, there exist in some living things enzymes which 
have the specific capability of degrading that polymer. In the absen'ce of 
such an enzyme the natural polymers are quite resistant to degradation, as 
evident from the durability of fabrics which are protected from biological 
attack.-

- The contrast with synthetic fibers is striking. The structure of 
nylon and similar synthetic polymers is a human invention and does not 

. occur in natural living things. Hence, unlike natural polymers, synthetic 
ones find ho counterpart in the armamentarium of degradative enzymes in 
nature. Ecologically, synthetic polymers are literally indestructible. 
Hence, every bit of synthetic fiber or polymer that'has been produced o"h the 
earth is either destroyed by burning--and thereby pollutes the air—or 
accumulates as rubbish. One result, according to a recent report,is that 
microscopic fragments of plastic fibers often red, blue or orange, have now 
become common in certain marine waters.6 For technological displacement 
has been at work in this area too; in recent years natural fibers such as 
hemp and jute have been nearly totally replaced by synthetic fibers in fish 
ing operations. ~A chief reason for this use of synthetic fibers is that they 
resist degradation by molds, which, as already indicated readily attack 
cellulesic net materials such as hemp or jute. Thus, the property which' 
enhances the economic value of .the synthetic fiber over the natural one- 
its resistance to biological degradation—is precisely the property which 
increases the environmental impadfcof the synthetic material.

3) Detergents
Figure 7 shows that synthetic detergents have largely replaced 

soap in the United States as domestic and industrial cleaners, with the total 
production of cleaners per capita remaining essentially unchanged. Soap is 
based on a natural organic substance, fat, which.is reacted with alkali to 
produce the end product. Being a natural product, fat is extracted from 
an ecosystem (for example that represented by a coconut palm plantation), 
and when released Into an aquatic ecosystem after use, soap is readily 
degraded by the bacteria of decay. Since most municipal wastes in the 
United States are subjected to treatment which degrades organic waste to 
its inorganic products, in actual practice the fatty residue of soap wastes 
is degraded by bacterial action within 'the confines of a sewage treatment 
plant.1 What is then-emitted to surface waters is only carbon dioxide-and 
water. Hetice, there is little or.no impact on the aquatic ecosystem due to 
biological* oxygen demand (which accompanies bacterial degradation of 
organic wastes)'arising from soap wastes. Nor is the product of soap
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it is in plentiful supply from other'environmental sources, and in any case 
is an essential nutrient for photosynthetic algae. Hence, as compared with 
soap the production of synthetic detergents is a more serious source of 
pollution.

Once used and released into the environment in waste, detergents 
generate a more intense environmental impact than a comparable amount 
of soap. Soap is wholly degradable to carbon .dioxide, which is usually 
rather innocuous in the environment. In contrast even the newe.r detergents 
which are regarded as degradable because the paraffin chain of the molecule 
(being unbranched, in contrast with the earlier non-degradable detergents) 
is broken down by bacterial action, nevertheless leave a residue of phenol 
which may not be degraded and may accumulate in surface waters. Phenol 
is a rather toxic substance, being foreign to the aquatic ecosystem.

Unlike soap, detergents are compounded with considerable amounts 
of phosphate in order to enhance their cleansing action and as a water 
softener. Phosphate may readily induce water pollution by stimulating 
heavy overgrowths of algae, which on dying release organic matter into the 
water and thus overburden the aqueous ecosystem. Figure 8 shows that 
nearly all of .the increase in sewage phosphorus in the United States can be 
accounted for by the phosphorus content of detergents. Since soap, which 
has been displaced by detergents, is quite free of phosphate the environmental 
impact due to phosphate is clearly a consequence of the technological change 
in cleaner production.

The change in the environmental impact index of phosphate in 
cleaners between 1946 and 1968 is shown in Table V. In this period the 
overall environmental impact index increased 1845%. The increase in the 
effect of population size was 42%; the effect of per capita use of cleaners does 
not change; the technological factor, i.e., that due to the displacement 
of phosphate-free soap by detergents containing an ave'rage of about 4% 
phosphorus, increased about 1270%. The relative importance of this change 
in cleaner technology in intensifying environmental impact is quite evident.

4) Secondary environmental effects of technological displacements
Increased production of synthetic organic chemicals leads to 

intensified environmental impacts in several different ways. This segment 
of industry has heavy power requirements; in contributing to increased 
power production the industry adds as well to the rising levels of air 
pollutants that are emitted by power plants. In addition organic synthesis 
releases into the environment a wide variety of reagents and intermediates,
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which are foreign to natural ecosystems and often toxic, thus generating 
important, often poorly understood, environmental impacts. A common 
example are massive fish kills and plant damage resulting from release 
of organic wastes, insecticids and herbicides to surface waters or the air.

Perhaps the most serious environmental impact attributable to 
the increased production of synthetic organic chemicals is due to the in 
trusion of mercury into surface waters. This effect is mediated by chlorine 
production. This substance is a vital reagent in many organic synthesis; 
about 80% of present chlorine production finds its end use in the synthetic 
organic chemical industry. Moreover, a considerable proportion of 
chlorine production is carried out in electrolytic mercury cells; until 
recent control measures were imposed on the industry, about .2-.5 Ibs. 
of mercury were released to the environment per ton of chlorine manu 
factured in mercury electrolytic cells. This means, for example, that the 
substitution of nylon for cotton has generated an intensified environmental 
impact due to mercury, for nylon production (unlike cotton production) 
involves the use of chlorinated intermediates, therefore of chlorine, 
and hence the release of mercury into the environment.

Similarly the displacement of steel and lumber by aluminum adds 
to the burden of air pollutants, for aluminum production in extremely 
power consumptive. Per pound of aluminum produced, about 29,860 BTU'« of 
power are required to generate the necessary electricity whereas about 
4, 615 BTU's are used per pound of steel produced. Cement, which tends 
.to displace steel in construction is also extremely power consumptive. 
The production of chemicals, aluminum and cement account for about 56% 
of the total industrial use of electricity in the United States.

5) Packaging
The displacement of older forms of packaging by "disposable" 

containers, such as non-returnable bottles is another example of the intensi 
fication of environmental impact due to the postwar pattern of U. S. economic 
growth. This is illustrated in Fig. 10 and Table VI. Here it is evident that 
there has been a very striking increase in environmental impact due to beer 
bottles, which are not assimilated by ecological systems and are, in their 
manufacture, quite power consumptive. It is also evident that the major 
factor in this intensified environmental impact is the new technology—the 
use of non-returnable bottles to contain beer—rather than'affluence'With 
respect to per capita consumption of beer, or increased population.
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6) Automotive Vehicles
Finally there is the problem of assessing the environmental 

impact of changes in patterns of passenger travel and freight traffic since 
1946. Particularly important has been the increased use .of automobiles, 
busses and trucks.

The environmental impact of the internal combustion engine 
is due to the emission of nitrogen oxides, carbon monoxide, waste 
fuel and lead. The intensities-of these impacts, .as measured by the 
levels of these pollutants in the environment is a function, not only of 
the vehicle-miles travelled, but also of the nature of the engine itself— 
i.e., technological factors are relevant as well.

The technological changes,in automotive engines since World 
War II have worsened environmental impact. These are illustrated in Fig. 
.11. Thus, for passenger automobiles, overall mileage per gallon of fuel 
declined from 14.97 in 1949 to 14.08 in 1967, largely because average 
horsepower increased from 100 to 240. Another important technological 
change was in average compression ratio, which increased .from about 
5.9 to 9.5 in 1946-68; This engineering change has had two important 
effects on the environmental impact of the gasoline-engine. First 
increasing amounts of tetraethyl lead are needed as a gasoline additive 
in order to suppress the engine knock that occurs at high compression 
ratios. As shown in Fig. 12, annual use of tetraethyl lead has increased 
significantly in 1946-68. Essentially all of this lead is emitted from 
the engine exhaust-and is disseminated into the environment. Since lead 
is not a functional element in any biological organism, and is in fact " 
toxic, it representsian external intrusion on the ecosystem and generates 
an appreciable environmental effect.

A second consequence of the increase in engine compression 
ratio has been a rise in the concentration of nitrogen oxides emitted in 
engine exhaust. This.has occurred because the engine-temperature 
increases with .compression ratio. The combination of. nitrogen and 
oxygen, -present in the air taken into the engine cylinder, to form 
nitrogen oxides is enhanced at elevated temperatures. Nitrogen oxide is 
the key ingredient in the formation of photochemical smog. Through 
a series of light-activated reactions; involving waste fuel, nitrogen 
oxides induce the formation of peroxyacetyl nitrate, the noxious ingredient 
of photochemical smog. Smog of this type was first detected in Los 
Angeles in 1942-3; it was unknown in most other United States cities until 
the late 1950's and 1960's, but is now a nearly universal urban pollutant. 
Peroxyacetyl nitrate is a toxic agent, to man, agricultural crops and 
trees. Introduction of this agent.has probably increased by about an 
order of magnitude in 1946-68.
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The Environmental Impact Indices for nitrogen oxides and lead 
are shown in Table* VII and VIII respectively. The total environmental 
impact for nitrogen oxides increased by about 630% between 1946 and 
1967. The technological factor (the amount of nitrogen oxides emitted 
per vehicle-mile) increased by 158%, vehicle-miles travelled .per capita 
increased by about 100%, and the population factor by about 41%. In the case 
of tetraethyl lead, the largest increase in impact is in vehicle-miles 
travelled per capita (100%), followed'by the technological factor (83%) 
and the population factor (41%). It is evident that the major influences 
on automotive air pollution are increased per capita mileage (in part because 
of changes in work-residence distribution due to the expansion of suburbs) 
and the increased environmental impact per mile travelled due to tech 
nological changes in the gasoline engine.

j . .
A similar, situation obtains with respect to overland shipments 

of inter-city freight. Here truck freight has tended to displace railroad 
freight. And again the displacing technology has a more severe environ 
mental: impact than does the displaced technology. This is evident from the 
energy required to transport freight by rail and truck:- 624 BTU/ton-mile 
by rail and 346Z BTU/toh-mile by truck. It should be noted as well that 
the steel and cement required to produce equal lengths of railroad and 
expressway (suitable for heavy truck .traffic) differ in the amount of power 
required in the ratio 1 to 3.6. This is due to the rather power-consumptive 
nature of cement production and to the fact that four highway lanes are 
required to accommodate heavy truck traffic. In addition, the divided road 
way requires a 400 foot right-of-way while a train roadbed needs only 100 
feet. In all these ways the displacement-of railroads by automotive vehicles, 
not only for freight, but also for passenger travel, has intensified the 
resultant environmental impact.

Some Conclusions

The data presented above reveal a functional- connection between 
economic growth--at least in the United-States since 1946—and environ 
mental, impact. It is significant that the range of-increase in the computed 
environmental impacts agrees fairly-well with the independent-measure of 
the actual levels of .pollutants occurring in the environment. Thus, the 
increase in environmental impact-index,for tetraethyl lead computed from 
gasoline consumption data for 1946-67 is about 400%; a similar increase in 
environmental lead levels has been recorded from analyses of layered 
ice in glaciers. Similarly, the 648% increase in the 19-year period 
1949-68 in the environmental impact index computed for, nitrogen fertilizer 
is in keeping with the few-available large-scale field measurements. 
Thus, field data show that nitrate entering the Missouri River
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as it traversed Nebraska in the 6-year period 1956-62 increased a 
little over 200%. 8 The environmental impact indices .computed for several 
aspects of automotive vehicle use are also in keeping with general field 
observations. It is widely recognized that the most striking increase 
among the several aspects of environmental deterioration due to automotive 
vehicles, has occurred with respect to photochemical smog. This 
pollutant was detected for the first time in Los Angeles in 1942-43.
Since then it has increased, nationally, by probably an order of magnitude, 
appearing in nearly every major city and even in smaller ones in the last 
5 years. However, in the period 1946-68 total use of automotive vehicles, ' 
as measured by gasoline consumption,.increased by only about 200%-- 
an increment too small to account for the concurrent rise in the incidence 
of photochemical smog. It is significant, then, that this disparity between 
the observed increase in smog levels and the inc.' ease in vehicle use is 
accounted for by the environmental impact index computed for nitrogen 
oxides, the agent which initiates the smog reaction, for that index 
increased by 630% in 1946-67.

These agreements with actual field data support the conclusion 
that the computations represented by the environmental impact index 
provide a useful approximation of the changes in environmental impact 
associated with the relevant features of the growth of the United States 
economy since 1946. In particular, we,can therefore place some reliance 
on the subdivision of the total impact index into the several factors: 
population size, per capita production or consumption and the technology 
of production and use.

It is of interest to make a direct comparison of the relative 
contributions of increases in population size and in "affluence," and of 
changes in the technology of production, to the increases in total environ 
mental impact which have occurred since 1946. The ratio of the most 
recent total index value to the value of the 1946 index (or to the value for 
the earliest year for which the necessary^feta are available) is indicative 
of the change in the total impact over this period of time. The relative 
contribution* of the several factors to these total changes is then given 
by the ratios of their respective partial indices. Figure 13 reports such 
comparisons for the 6 productive activities evaluated. The population 
factor contributes only between 12 and 20% of the total changes in impact 
index. For all but the automotive pollutants, the "affluence" factor 
makes a rather small contribution—no more than 5%--to the total changes 
in impact index. For nitrogen oxides and tetraethyl lead (from automotive 
sources), this factor accounts for about 40% of the total effect, reflecting 
a considerable increase in the number of vehicle-miles travelled per 
capita'since 1946. The technological changes in the processes which 
generate the various economic goods, contribute from 40-90% of the 
total increases in impact.
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In evaluating these results it should be noted that automotive 
travel is itself strongly affected by a kind of technological transformation: 
the rapid increase of suburban residences in the United States and the 
concomitant failure to provide adequate railroad and other mass trans 
portation to accommodate to this change. That the overall increase in 
vehicle-miles travelled per capita since 1946 (about 100%) is related 
to increased residence-work travel incident upon this change is suggested 
by the results of a 1963 survey. It was found that 90% of all automobile 
trips, representing 30% of total mileage travelled, are 10 miles or less 
in length. The mean residence-work travel distance was about 5. 5 miles. 
Thus, it is* probably appropriate to regard the increase in per capita 
vehicle-miles travelled by automobile as not totally attributable to 
increased "affluence," but rather as a response to new work-residence 
relationships which are costly in transportation.

During the period from 1946 to the present, pollution levels in 
the United States have increased sharply--generally by an order of magnitude 
or •,<>• It seems -evident from the data presented above that most of 
this increase is due to one of the three factors that influence environ 
mental impact--the technology of production—and that both population 
growth and increase in "affluence" exert a much smaller influence.. Thus 
the chief reason for the sharp increase in environmental stress in the 
United States is the sweeping transformation in production technology in 
the post-war period. Productive activities with intense environmental 
impacts have displaced activities with less serious environmental impacts; 
the growth pattern has been counter-ecological.

The foregoing conclusion is easily misconstrued to mean that 
technology is therefore, per se, ecologically harmful. That this inter 
pretation is unwarranted can be seen from the following examples.

Consider the following simple transformation of the present, 
ecologically-faulty, relationship among soil, agricultural crops, the 
human population and sewage. Suppose that the sewage, instead of being 
introduced into surface waters as it is now, whether directly or following 
treatment, is instead transported from urban collection systems by pipe 
line to agricultural areas, where—after appropriate sterilization pro 
cedures--it is incorporated into the soil. Such a pipeline would literally 
reincorporate the urban population into the soil's ecological cycle,
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restoring the integrity of that cycle, and incidentally . 'moving the need 
for inorganic nitrogen fertilizer—which also stresses the aquatic-cycle. 
Hence the urban population-it then no longer external,to the toil cycle 
and is therefore incapable either of generating a negative biological stress 
upon it or of exerting a positive,ecologi.-»! stress on the aquatic ecosystem. 
But note that this state of zero environ.! ental impactis not achieved by a 
return to'primitive1 'conditions, but by axi actual technological advance, 
the construction of a sewage pipeline system.

A i

Or consider the example provided by the technological treatment 
of gold and 'other precious metals. Gold is, after all, subject to numerous 
technological manipulations, which generate a series of considerable 
economic values. Yet we manage to accomplish all of this without intruding 
more than a rather small fraction of all.the gold ever acquired by human 
beings into the ecosphere. Because we value it so highly very little gold 
is "lost" to the environment. In contrast, most of the mercury which has 
entered commerce in the last generation has been disseminated into the 
environment, with very unfortunate effects on the environment. Clearly, 
given adequate technology--and motivation--we could be as thrifty in our 
handling of mercury-as we are of gold, thereby preventing the entry of 
this toxic material into the environment. Agair what is required is not 
necessarily the abandonment of mercury-based technology, but rather 
the improvement of that' technology to the point of satisfactory compatability 
with the ecosystem.

- Generally speaking then, it would appear possible to reduce the 
environmental impact of human activities by developing alternatives to 
ecologically-faulty activities. This can be accomplished, not by abandoning 
technology and the economic goods which it can yield, but by developing 
new technologies which incorporate not only the knowledge of the physical 
sciences (at mo«t do moderately well; the new machines do, after all, 
usually produce their intended goods), but ecological wisdom as well.

* » i

The foregoing considerations show that the deterioration of the 
environment, whatever its cost in money, social distress and personal 
suffering, is chiefly the result of the ecologically-faulty technology which 
has been employed'to remake productive enterprises,. The resulting 
environmental impacts stress the basic, ecosystems which support the 
life of human beings, destroy the "biological.capital" which is essential 
to the operation of industry and agriculture, and may, if unchecked, 
lead to the catastrophic collapse of these systems. The environmental 
impacts already generated are sufficient to threaten the continued 
development of the economic system—witness the current difficulties
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in the United States in siting new power plants at a time of severe power 
shortage, the recent curtailment of industrial innovation in the fields of 
detergents, chemical manufacturing, insecticides, herbicides, chlorine 
production, oil drilling, oil transport, supersonic aviation, nuclear 
power generation, industrial uses of nuclear explosives, all resulting 
from public rejection of the concommittant environmental deterioration.

It seems probable, if we are to survive economically as well 
as biologically, that much of the technological transformation of the 
industrialized economy since 1946 will need to be, so to speak, redone 
in order to bring productive technology much more closely into.harmony 
with the inescapable demands of the ecosystem. This will require the 
development of massive new technologies including: systems to return 
sewage and garbage directly to the soil; the replacement of synthetic 
materials by natural ones; the reversal of the present trend to retire 
soil from agriculture and to elevate the yield per acre; the development 
of land transport that operates with maximal fuel efficiency at low 
combustion temperatures and with minimal land-use; the sharp cur 
tailment of the use of biologically active synthetic organic agents. 
In effect what is required is a new period of technological transformation 
of the economy, which reverses the counter-ecological trends developed 
since 1946. We might estimate the cost of the new transformation, from 
the cost of the former one, which in the United State* must represent 
a capital investment in the range of hundreds of billions of dollars. 
To this must be added, of course, the cost of repairing the ecological 
damage which has already been incurred, such as the eutrophication of 
Lake Erie, again a cost to be reckoned in the hundreds of billions of 
dollars.

Wha,. might all this cost? Some very rough but useful approximations 
can be made. For example, it is generally reckoned that the total stock of 
capital equipment in the United States is about three times the annual GNP, or 
about two thousand four hundred billion dollars at the present time. (This and 
all f.ollowing numbers are expressed as 1958 dollars to compensate for inflation.) 
A very rough estimate of the existing capital equipment that would need to be re 
placed in order to remedy major ecological faults might be about one-fourth, or 
about six hundred billion dollars worth. In comparison, the expenditures for 
structures and producers' durable equipment by private investors during the 
period 1946 to 1968 when, as we have seen, most of the ecologically faulty 
enterprises were built, amounts to roughly one thousand billion dollars. 
Accordingly, on the basis of the first estimates, something like one half of the 
postwar productive enterprises would need to be replaced by ecologically 
sounder ones.
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Bough as they are, these figures give us some sense of the 
magnitude of the task of ecological reconstruction of the national productive 
system. To this estimate must be added the costs of efforts to restore 
damaged sectors of the ecosystem, which would range in the area of hundreds 
of billion dollars. This cost need not, and of course cannot, be met at once. 
If we accept as the period of grace--the time available before serious large- 
scale ecological catastrophes overtake us--let us say twenty-five years, 
then the cost of survival becomes about forty billion dollars annually over 
that period of time (again in 1958 dollars). Perhaps the simplest way to 
summarize all this is that most of the nation's resources for capital investment 
would need to be engaged in the task of ecological reconstruction for at least 
a generation. This means that new investments in agricultural and industrial 
production and in transportation would need to be governed chiefly by ecological 
considerations! so that the over-all pattern of investment would have to come 
under the guidance of ecological rather than conventional economic imperatives.

ff*#f**fff**M
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TABLE I

POST-WAR INCREASES IN POLLUTANT EMISSIONS

Pollutant

Inorganic Fertilizer 
Nitrogen

Synthetic Organic 
Pesticides

Detergent 
Phosphorus

Tetraethyl Lead**

Nitrogen Oxides**

Beer Bottles

Year

1949

1950

1946

1946

1946

1950

Annual Prod 
Amount

. 91x1 O 6 tons

286x1 0 6 lbs.

llxlO 6 Ibs.

. 048x1 O 6 tons

10.6*

6. 5x10 gross

action 
Year

1968

1967

1968

1967

1947

1967

Amount

6. 8x1 0 6 tons

1050xl06'lbs.

2 14x1 06 Ibs.

. 25x1 06, tons

77.5*

45. SxlO 6 gross

Percent 
Increase over 
indicated 
period

648

267

1,845

415

630

595

* Dimension = NOx (ppm) x gasoline consumption (gals x 10" ); estimated 
from product of passenger vehicle gasoline consumption and ppm of NOx 
emitted by engines of average compression ratio 5,9 (1946) and 9.5 (1967) 
under running conditions, at 15 in. manifold pressure. NOx emitted: 
500 ppm in 1946; 1200 ppm in 1967 (Ref.)

** Automotive emissions



TABLE 11 

.FERTILIZER NITROGEN

ENVIRONMENTAL IMPACT INDEX

1949 

1968

1968:1949

& Increase

Index Factor* 

(a) - - (b) (c)

Population 
.(1000's)

149,304 

19,9,846

1.34

34

Crop Production
Population 

prod, units /cap. )
t

5.43 x 10"7 

6.00x 10"7

1.11

" 11

Fe rtilize r Nitrogen
Crop Production 
(ton«/prod. unit)

• 11,284* 

57,008

5.05

405

Total 
Index

Fertilizer Nitrogen 
(1000's of ton.)

914 

6841

7.48

_ 648,

* The crop output index is an indicator of agricultural productivity with the 
1957-1959 average = 100.
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TABLE III

SYNTHETIC ORGANIC PESTICIDES

1950 

1967

1967:1950

% 
Increase 
1967:1950

(a)

Population 

(1000's)

151,868 

197,859

1.30

30

Index Factors

(b) (c)

Crop Production
Population

(Crop Production 
"' Units/cap.)

5.66xlO-7 

5. 96xlO'7

1.05

5

Pesticide Consumption
Crop Production 

(1000 Ibs. /Prod. Unit)

3326 

8898

2.68

168

Total Index

(a x b x c)

Synthetic 
Organic 
Pesticides 
(Million Ibs. )

286 

1050

-3.67

267
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TABLE IV

COTTON AND NYLON: 
ENVIRONMENTAL CHARACTERISTICS

Raw
Material*

Process

.

Product

Cotton

co2 , r^o

C02 + H20 light-fr

glucose —^cellulose 
"(ca70-90*F.)

cultivation, ginning, 
•pinning, require 
power

•

Cellulose

X

Nylon

Petroleum

Petroleum (distill) —— p 

Benzene (550* F.) < —— >

Cyclohexane (300 *F.) • — fr 

CyclohexanoX 2 00 -400' F.H

Adipic acid ( 600-700' Fj-J

Adiponit rile(2 00 -2 50 * F.)-

Hexamethylene . 
diamine ' "•'

Nylon 610

Distillation and other
purification at most of 
above steps; power 
required to operate
process

•.. 
Polyamide

Comparative 
Environmental 
Impact

Cotton, renewable 
Nylon, non-renewable

Fuel combustion' 
and^iultant,, 
air pollution :

probably 
Nylon \ Cotton"

Cellulose wholly 
biodegradable, 
Polyamide not 
dcgradable
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TABLE V

DETERGENT PHOSPHORUS 

ENVIRONMENTAL, IMPACT INDEX

1946 

1968

1968:1946

% 
increase 
1946-1968

Index Factor* 

(») (b) (c)

Population 

(1000'i)

140,686 

194,846

1.42

•42

Cleaner** 
Population

(Ibt/cap)

2Z.66 

15.99

0.69 
(1.00)***

(0)

Phosphorus
Cleaner* 

(lb* /ton of cleaner)

6.90 

137.34

19. 90 
(U.70)

(1,270)

Total Impact 

(a x b x c)

Pho*phoru* from 
Detergent***

(106 lb*)*

11 

214

19.45

'1,845

* A*turning that 35% of detergent weight i* active agent. 
** A**uming average pho*phoru* content of detergent* = 4%.. 

*** Because of uncertaintie* regarding the content of active agent in detergent*. 
e*pecially *oon after their introduction, the apparent reduction in per capita 
u*e of cleaner* i* not regarded-a* significant; the number* contained in 
parenthe*e* are based on the assumption that'thi* value doe* not change 
significantly.
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TABLE VI 

BEER BOTTLES 

ENVIRONMENTAL IMPACT, INDEX

1950 

1967

1967:1950

* 
Increase 
1950-1967

(»)

Population

(1000's)

151,868 

197,859

1.30

30

Index Factors

0>)

Beer Consumption
Population 

(Gallons /cap)

24. 99 

26.27
•

1.05

5

•

(c) ;
Beer Bottles
Beer Consumption 

(Bottle a /gallon)

.25 

1.26

5.08

408

•

Total Index

(a x b x c)

Beer Bottles

(1000 Gross)

6,540 

45,476

6.95

595
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TABLE VII

NITROGEN OXIDES 
(Passenger Vehicles)

ENVIRONMENTAL IMPACT INDEX

1946 

1967

1967:19*6

% Increase

<»)

Population 

(1000' s)

140,686 

197,849

1.41

41

Index Factors

(b)

Vehicle -Miles
Population

1982 

3962 '
• *

2.00

100

(c)

Nitrocen Oxides*
Vehicle -miles

33.5 

86.4

2.58

158

Total Index

Nitrogen Oxides'*

10.6 

77.5

7.3

630

Dimensions NOX (ppm) x, gasoline consumption (gals, x 10 ) 
Estimated from product of passenger vehicle gasoline consumption and 
ppm of NOX emitted by engines of average compression ratio 5. 9 . (1946) 
and 9.5 (1967) under running conditions, at 15 in. manifold pressure: 
1946, 500 ppm NOX ; 1967, 1200 ppm (Data from Ref. )
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TABLE VIII 

TETRAETHYL LEAD 

ENVIRONMENTAL IMPACT INDEX

•

•

1946 

1967

1-967:1946

% Increase

W

Population

(1000's)

140, 686 ' 

197,859

1.41

41

Index Factors

(b)

Vehicle -Miles*
Population 

(veh. ml. /cap)

1984*** 

396Z
* * " '

2.00

. 100

,

(c)

Tetraethyl Lead**
• Vehicle -mile**

fibs/million 
veh. ml. )

300*** . . 

630

1.83

. 83

Total Index

*4 
Tetraethyl Lead

(1000't of tons)

48*** 

247

5.15

415

* Paisenger vehicles only,
'** Weight refers to lead content
*** See note for Table IX
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P.
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200
u

I 1
» v

XM... si *„ -58,
.... -2 &

150

100

g . H «

'J 50'

I I

1900 1920. 1940 I960 

Year

Figure 1. Phosphorus emitted by United States municipal 
•ewage. Data are from Weinberger, L. W., et al. in 
Hearings before the Subcommittee on Science, Research and 
Development of the House Committee on Science and 
Astronautics, The Adequacy of Technology for Pollution 
Abatement, Vol. n, U.S. Government Printing Office, 
Washington, D.C., p. 756.
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R£5U>CNT PDfULfTTION 
(MILLIONS)

HS HB SO SS SH SB SB SO BS BH EG EB

BNP <SIL BNP/CRP. 
(I9SB S)

-5DOO

-HSZ70

-HDOO

-3SOO

-3ODO

-SSOO

-SOOO

-ISOO

-lOOff

Figure 2. Changes in population, Gross National Product 
(reduced to 1958 dollars) and GNP per capita for the 
United States since 1946; Data are from Department of 
Commerce, Statistical Abstract of the United States. U.S. 
Government Printing Office, Washington, D.C., 1970, p. 5 
and Department of Commerce, The National Income and 
Product Accounts, of the United States 1929-1965. U.S. . 
Government Printing Office, Washington,, D. C., 1966, pp. 4-5.
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Production 
Per Cent Annual Increase

-10 -5
i i 0 i

10 15 i 20i
Mercury for Chloralkali 

No-Return Beer Bottles *
4 Plastics 
Fertilizer Nitrogen *

•H Active Agents, Detergents 
H Synthetic Organic Chemicals

Chlorine Gas
Aluminum
Automotive Horsepower
Electric Power
Total Horsepower 

Synthetic Fibers* 
Synthetic Pesticides 

Wood Pulp
Truck Freight • 
Consumer Electronics
Motor Fuel * 
Cement 

Total Fuel * 
Newsprint * 
Meat '* : 
Total Freight 
Steel
All Fibers * 
New Copper 
Bricks ] 
Protein * ' 
Population

H Hosiery ' . ; 
H Calories * 

Shoes
Major Appliances * 

"Railroad Freight 
Milk* 
Lumber 
Cotton Fiber * 
Harvested Acreage 
Returnable Beer Bottles 
Wool Fiber * 
Railroad Horsepower 
Soap * 
Work Animal Horsepower

H 
H 
H

H 
H 
M 
I
I

Figure 3. Annual growth 
rates of production (or 
consumption) in the 
United States. Annual 
data are from Statistical 
Abstract of the United 
States, op cit., 1948- 
1970; see text for method 
of computation.

* Consumption
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R-CROP OUTPUT INDEX (1951-59 = IDD> 
*-FERTILIZER NITROGEN (IDDQ'5 Or TDNS) 
C-MILLIONS OF RERE5 HARVESTED

CROP INDEX PER EflPITFI (1951-59 - IDD> ~ 
I I I I I I I I I I I I I I I I I I I I I I I

HE HB SO 5S 5V SB SB BO E5 BH EG EB

Figure 4. Changes in total crop output (as determined 
by U.S.D. A. Crop Index), in crop output per capita, in 
harvested acreage and in annual use of inorganic 
nitrogen fertilizer in the United States since 1946. Data 
are from Agricultural Statistics, U.S. Government 
Printing Office, Washington, B.C., 1967, pp. 531, 544, 
583; 1970, pp.. 444, 454, 481.
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COMPARISON OF CORN YIELD/NITROGEN USE, 1944 -1968

A/VV
NITROGEN 

thousands of tons

1944

Figure 5. Corn yield and nitrogen usage for the State 
of Illinois. Data are from Dawes, J. H. , et al. 
Proc. 24th Ann. Meeting Soil Conservation Society of 
America, Fort Collins, Colo., 1968.
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50 - RLL FIBERS (PER CRPHFt)

HD-

30

III

I I I I I I I I I I I I I. I I I I I I I I I I
ID 

S' F1EER EDN5UMPJIDN

NDN-ttLLULDSli: 
SYNTHETIC FIBERS

HB W SZ7 SB SH • SS SB SO G3 B1 SB BB

Figure 6. Natural and synthetic fiber production in the 
United States since 1946. Data are from Statistical 
Abstract of the United States, op cit., 1962, p. 198; 
1966, p. 789; 1970, p. 713.
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CLERNERS PER ERPHR

+S-
I I I I I I I ! I ! I I I I I I I I I I I I I

TDTftL ELERNERS

CLERNERS 
FROM DETERGENTS

CLE/WERS FRDM SDRP

HE HB 50 5? SH SE SB ED K EH EB SB
XRR

Figure 7. Total soap and detergent production and per 
capita consumption of total cleaners (soap plus detergent) 
in the United States since 1946. Data are from 
Agricultural Statistics, U.S. Government Printing Office, 
Washington, D. C., 1970, p. 149. Detergent data represent 
actual content of surf ace-active agent, which is estimated 
at about 37. 5% of the total weight of the marketed detergent.
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MIL LBS
B50-

5DD-

ISD

IDD

SO

5EURGC ' 
PHOSPHORUS

DETERGENJ 
PHOSPHORUS

HE HB SO SS SH SS SB- GO ES EH EE EB

Figure 8. Concurrent values of phosphorus output from 
municipal sewage in the United States and phosphorus 
content of detergents produced. Former values are from 
Weinberger, L. W., et al. (see Legend, Figure 1). 
Detergent data are based on detergent production (see 
Legend, Figure 7) assuming an-average of 4% P in 
marketed detergents.

T4-4M O - 72 - 9
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/6 . R-MCRCURX CONSUMPTION FUR CHLOR-RLKRLI
PRODUCTION <man's or IE-IB. FLRSKS)

CHEM1CRL5 <E)L LSS. 
C-CHL.-WNC PRODUCTION (fllL TONS)

HE HB SO 55 SH SB SB BO BS BH BB BB

Figure 9. Changes in annual production of synthetic 
organic compounds and of chlorine gas, and consumption 
of mercury for chlorine gas production in the United States 
since 1946. Data are from Bureau of the Census, Current 
Industrial Reports, Series M28A Inorganic Chemicals and 
Gases and from Statistical Abstract of the United States, 
op cit.
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26-

BH-

- BEER CDN5UHP7WN PER CfVITR 
I I I I I I I I I ) I I I I I I I I I I I I I

TDTHL SEER BOTTLES

II

HS HB sa SB SH ss SB en
HEM

EH ee SB

Figure 10. Per capita consumption of beer and production 
of beer bottles in the United States. Data are from 
Statistical Abstract of the United States, op cit., 1951, p. 792; 
1955, p. 833; 1970, p. 12.
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R--RVERRSE MILES PER ERLLON 
S-RVERRSE COMPRESSION RR7W . 

C-RVERRGE BRRKE HORSEPDUER

HB HB 527 SP 54 56 SB BO ES BH BE BB
XERR

Figure 11. Average characteristics of passenger car 
engines produced in the United States since 1946. Brake 
horsepower and compression ratio data are from the 
1951 and 1970 volumes of "Brief Passenger Car Data," 
Ethyl Corporation. Gasoline consumption data are from 
Statistical Abstract of the United States, op cit.
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R-LERD CONSUMPTION FOR EHSOLINE
RDDITIVES (lOOD'S OF TONS) 

B-LBS. OF LCRD PER 10s EfJL Of rUEL
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S -
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S C
100. -100

'00 -BOO

500 -SOD

HOO -HDO

300 -300

500 -SOD

Figure 12. Lead emissions, from tetraethyl lead in 
gasoline, in the United State-3 since 1946. Data are from 
Minerals Yearbook 1947-1968 and Statistical Abstract of 
the United States, op cit., (see Legend, Figure 10).
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Senator ROLLINGS. We want to welcome Mr. Hugh Downs. He is 
a great listener; he has learned what we would all like to learn, and 
that is how to listen.

We are delighted to have you, Mr. Downs. We welcome you to 
the Committee and we will be glad to.hear from you at this time.

STATEMENT OF HUGH DOWNS
Mr. DOWNS. Thank you, Mr. Chairman. Previt is witnesses in this 

and other sessions have stressed the pollution peril to our oceans, 
the life in the oceans, and the importance of that ocean to us. It has 
been generally agreed that steps for a pretty immediate remedy must 
be taken, and some sort of education process can be vitally helpful 
in creating an informed public which will back its legislators in the 
boldness now called for.

It is quite human to cling to conditions as we imagine them to be, 
even when the conditions no longer exist. In Marie Antoinette's mind 
the monarchy was safe enough for her to say, "Let them eat cake," 
while the very sound of the sharpening of the guillotine was in her 
ears.

How many of you have seen grown-up human beings during an 
electric power failure, while groping in the dark for a candle, n"ick 
a light switch so that they could see better to locate the candle? And 
not once, but repeatedly! We just can't quite believe that we aren't 
going to get light when we hit that switch!

In the same way, we can't deep down believe that pollution will 
really harm us! Doesn't the wind always blow smoke away? Don't we 
flush away sewage? Don't we throw out garbage? Sewage and garbage 
and some smoke break down into elements or simple compounds and 
can be recycled, but sometimes we use and the "throw out" special 
pollutants—pollutants with long, virulent life which chemists tell us 
not only resist breaking down and recycling, but tend to concentrate 
in living organisms doing damage to whole life chains—whole eco 
systems. When we use DDT we can't throw it out because wherever 
we leave it, it washes into the sea.

We need to realign our thinking to realize we can't really throw 
out anything on earth, we can only move it around. The first thing 
that really were ever thrown out in the history of the world were the 
things left on the moon by astronauts. All other trash from the 
beginning of time has been moved around, but not thrown out.

Shortly after Lewis and Clark crossed the continent at the beginning 
of the 19th Century, trappers supplying beaver to the men's hat in 
dustry must have felt that the supply of beaver was inexhaustible. 
But before the Civil War the beaver was in danger of extinction. It 
took laws to protect that animal.,

Vastness is often overwhelming and humbling but it can also be a 
comforter, and I think there is a danger in the comfort vastness offers. 
When you look at the size of this country, particularly in the areas 
west of the Mississippi, you have to forgive those who believed during 
the first half of the 19th century that the supply of everything—pelts, 
forests, water, air, buffalo—was endless. Even today threats to land 
resources, air and water are not highly visible, except in areas of con 
centrated pollution. We are tempted to think that the oceans in their 
vastness are virtually immune to pollution by man. This is deceptive,
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as we have heard this morning, in the same way that the imagined 
invulnerability of the beaver was deceptive.

There are 330 million cubic miles of water in the world's oceans. All 
of the organic garbage man has ever produced could be distributed 
through the oceans today, and their ability to recyle organic material 
would not be strained. What the experts are trying to impress on us 
is that it is not quantity but the nature of some of man's pollutants 
and where they go that is threatening the very life of the ocean and 
with it human'life. It is through its life that the ocean returns oxygen 
to the atmosphere (more than two-thirds of the oxygen we breathe). 
This life in the ocean is fragile, somehow more fragile than life on 
land. Man is now producing chemical poisons that persist and go on 
poisoning, long after their initial use.

It may have surprised the Borgias when they developed poisons 
potent for their time, that very small quantities could destroy very 
large people. This is why we cannot take comfort in the fact that the 
oceans have 330 million cubic miles of water; if our poisons, such as 
DDT, are potent and tend to concentrate in the life chain, then the 
volume of water has little to do with the effects. And still we take 
refuge in the boundlessness of the seas.

This crisis cannot be dealt with as an isolated problem. Geographi 
cally, there is one ocean in the world.

As Dr. Heyerdahl pointed out, the United States can lead in re 
sponsibility in impressing other governments with the urger.cy of 
the situation, and in encouraging international cooperation and ac 
tion. The problem cannot be isolated from the population phenomena. 
It cannot be isolated from politics. It cannot be isolated from eco 
nomics, as Senator Pastore pointed out. There is really not a choice 
between the economics and the environment.

All educational efforts must face up immediately to the necessity of 
pushing awareness that the costs of cleaning and saving our environ 
ment are ultimately to be borne by the consumer citizen. It is hardly 
realistic to think business could do it at the pxpense of profit, or that 
Government could do it without taxes.

How much will we pay to stay alive ?
I think we would be willing to pay more than we will have to pay. 

But we have got to be made aware that survival has a price, and we 
have got to be reasonably sure that what we pay for will allow us to 
survive.

It is often asked if public awareness could be widened by a Sys 
tems approach, such as the aerospace industry and NASA utilized to 
put man on the moon. And the Systems experts invariably point to 
the differences in the problems that make success unlikely in ventures 
involving great numbers of individual human beings. What that 
means is that they say, "No. The Systems approach would not work."

This may be true, but I like to think that something analogous to a 
Systems approach might work in the following way: (Since I am an 
outsider, I can think what I please about Systems).

I would call to your attention that George Westinghouse was an 
outsider in the railroad business and he invented the airbrake, because 
railroadmen knew the airbrake wouldn't work. So they didn't invent 
it.

We are entering a phase now, the foundation of which is a start of 
public awareness. It has been my privilege as a communicator over the
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last few years to meet top environmentalists and to help them convey
their concerns on network television. The opportunity this has afforded
to observe public-reaction to environment material is not what I would
call scientific, but I feel I know the viewing public, and while they are
still capable of surprising me on occasions, I am certain they are

readier for the responsibility ultimately theirs, than we may suspect.
What I am saying is, that I believe there is enough awareness—

enough faith in the validity of messages already sent by experts
through the media, enough sense of coherence and consensus^ ii you
will, among those messages—that the public is soberly accepting two
aspects of some, pretty bad news:

(1) that there is real danger, and
(2) that in the end it is their problem and not the military-indus 

trial complex's or President Nixon's or Ralph Nader's or anybody 
else's. If I am right, that they are accepting this bad news realistically, 
then they deserve and will applaud some bold remedial steps from 
their Government. And they will welcome continued expanded covr 
erage through other media of these heavy issues.

I cannot believe it has ever been in the American character to pull 
the covers over its head. We always wanted to know, to fight back, to 
crip the reins. There is nothing new in this. Americans have always 
had what it takes in the chips-down situation. And so, to torture my 
analogy, the Systems approach I see in this becomes possible with Gov 
ernment and media matching in boldness what I feel is a nascent citi 
zen sense of responsibility—awakened and ready at this moment to 
welcome new, strong measures for the protection of the most crucial, 
threatened sector of planetary environment—the seas. Such measures 
can be forged by you in Government working with top environmental 
ists.

I realize it is a worldwide problem; it cannot be solved alone by the 
United States, but I realize there must be some leadership by the 
United States.

The difference between disaster and tragedy is that disaster has no 
moral component.

If we faced a danger that we could do nothing abov$—if the earth 
were coming apart at the core, or if the sun were scheduled to become 
a vova and incinerate us—we would have to resign ourselves as best we 
could to disaster.

The threat we face is tragedy, not disaster, because we presently 
possess the techniques for remedy. Therefore, our paralysis is not 
technical, but social and political.

As a citizen, I am urging my Government to scout the limits of po 
litical practicability in initiating firm and, if neccessary, heroic action 
to counteract the crisis.

As a communicator, I urge broadcasting networks and stations in 
concert to allocate more generous time periods for the purpose of pub 
lic instruction—and to study carefully which methods of presentation 
lead to maximum awareness and concern—which methods risk ter 
rifying and could result in despair and apathy—which methods will 
create an appetite for more information, and which might repel; and 
to share and pool facilities for this material in the same way that a 
President's speeches to the Nation are broadcast. So that viewers will 
have on-going, intimate access to expert opinion, and can support 
their Representatives to Government in the necessary action.
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•If we surmount, this crisis, it will show the way to stabilizing life on 
the planet for a long future. ;

It will cost us a little fciore to survive—it has been estimated at 5 
or 6 percent more—and no doubt there will be a profound change in 
our concept of progress.

It need not mean the end of progress. We can progress indefinitely 
in the gathering of knowledge, in the increase of justice, in the pur 
suit of human maturity and fulfillment, in the exploration of the 
probably boundless realm of the human psyche, in the methods of hus 
banding planetary resources for maximum efficiency of use, and in the 
understanding of what really constitutes quality of life.

This kind of progress can unfold without the dangers that come 
from exuberant exploitation and waste of resources. This kind of 
progress we can go after zestfully without poisoning ourselves.

Thank you.
Senator ROLLINGS. Thank you, Mr. Downs, yours was a most ap 

propriate statement.
You have spread oil on troubled waters. You have re-emphasized 

What Mr. Cpusteau and Dr. Heyerdahl, and Dr. Commoner have said: 
The public is aware but the Government doesn't move responsively.

How do we get the Government's attention? How do we develop an 
ocean Sputnik to get this country awake? You are a communicator. 
Can you devise a way to scare our leadership, awake them?

Mr. DOWNS. One of the things that Tould be counter-indicated would 
be what Neil Jacobi calls scape-goat-ism. In a democracy, particularly, 
merely to blame the Government when we are the Government is 
counter-indicated. The Government will act responsively if the public 
is informed properly and willing to act responsively.

This may sound a little chauvinistic, but being in mass media, I 
think this is a challenge to them, to be sure the public is informed in 
a way that means ~>ot just a parade of data in front of them, but in 
such a way that they can absorb the kind of awareness that is really 
desperately needed now.

I think you can count on the Government to respond in a proper 
way then.

Senator PASTORE. I agree with you, I think this is a brilliant state 
ment, Mr. Downs. I congratulate you for it. I think it is a practical 
statement, & realistic one.

Don't you think, beyond the educational aspect, with which I agree 
100 percent, there ought to be some kind of an incentive on the part of 
Government in order to encourage activity on the part of industry and 
labor and others in the society to meet the challenge that has been 
cited by Dr. Commoner?

. I think you have to go a. little beyond education, wouldn't you say, 
some kind of a tax incentive for those who do it, to make a deduction 
on their taxes so it will inspire them to do more, with proper regula 
tion, affirmative action on the part of Government.

It strikes me that we have allowed ourselves over the years to so 
behave ourselves that we did forget ecology. Now we have become 
conscious of it. Now the thing is how you overcome the evils of all of 
these past generations. And that is an expensive process, as you point 
out.

I think industry needs help, not only to compete domestically, but 
but also with the foreign competitors.
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Mr. DOWNS. In answering you, could I suggest further the idea of 
what I called semiseriously a systems approach to this. I see it as a 
tripod, one leg of which is Government, one leg of which is business, 
industry, technology, and the other leg the public, consumer citizens.

There is a tremendous potential here that needs triggering, and it 
will take a lot of action and force to get the triggering mechanism go 
ing. But if any one of these legs sees the other two, really understands 
the other two are, really ready to assume the responsibility, it will be 
ready. " '

Industry, for example, if it senses that Government is going to be 
firm and realistic about this, and senses that the public has absorbed 
the fact that the public will eventually have to bear the costs of a 
clean environment, and survival, industry is already showing signs 
of responding in a very positive way, and is having trouble getting its 
message across because of sins of the past. The can't use public rela 
tions money to in effect do a whitewash job. But behind those messages 
there are in many cases some real truths, some responsible industry 
actions.

So it seems to me that what is needed is something that will trigger 
this thing to be put together all at once. Then I think all three ele 
ments will respond properly.

It might be good, I think it is good to go to Government as Dr. 
Commoner has done, I think it is good to blast the public with jarring 
material, even though it results in criticism of the media, which is the 
bearer of bad news. I think industry needs to be led into and sometimes 
forced into responsible action.

But all of these things, if they are happening at once, and can be 
brought to bear with equal force, I have the feeling that it will lock 
into place and salvation will be forthcoming.

I admit my optimism may be more a matter of internal chemistry 
than an assessment of facts. But if I am wrong about that, what does 
it matter anyway ? We have got to act in such a way as to avoid despair 
and apathy which would insure disaster.

Senator PASTORE. Well, we have a situation where the other day we 
were visited by a group of people from Michigan who had made an 
application for an atomic electric generating plant. A situation arose 
that because of the cost of conventional fuel, the Dow Chemical Co.. 
unless it was granted some kind of relief with reference to building 
the plant—and that would take a period of 5 years—they would have 
to close down.

Now that aroused a lot of people. I mean if you are in public life, 
you just can't sit back and say well, the devil with it, let the people 
be unemployed. You are getting back to your Marie Antoinette s "Let 
them eat cake."

The point is, people have to work, there has to be bread on the table, 
too. Naturally, of course, there is going to be an adjustment that needs 
to be made. Sometimes it can't be made simultaneously. It takes time, 
it takes intelligence, it takes inspiration, it takes vision. And I think 
of many many places where it takes a little bit of a tax incentive in 
order that these businesses can go ahead and do the job that needs to 
be done.

But there you are, we had every public official coming in urging that 
something be done, and be done speedily, to build that plant, and at
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the same time you have a large element, you see, which was interested 
in the ecology, opposing it on the grounds that there would be thermal 
pollution, there would be this or that.

Now it strikes me that the position we are in is that we have to bring 
both of these two sides together somehow, and meet on a common 
ground, whereby the job can be done to preserve life, and, at the same 
time, have a survival of the economy. It is not an easy job to do.

Mr. DOWNS. No, it isn't. That is the nature of the boldness that I am 
thinking of.

To back up to what you were saying, I believe history has shown that 
nothing has ever worked for mankind t1 at didn't have some sound 
incentive basis. All of the social progress we have made has come 
about not because of the majority of the citizens suddenly becoming 
mature enough to have compassion for their fellowman, but because it 
was economically expedient to move forward in this way.

I think that may be an important way of going at it. The realiza 
tion it has to be done is also an important thing, and that is the role 
of the media.

Senator PASTORE. That is right.
Senator ROLLINGS. There has to be a profit in anti-pollution. That 

is what you are saying. We have to fix it in there.
Senator Stevens ?
Senator STEVENS. I think you have contributed agreat deal. I lis 

tened to my friend from Rhode Island and I hope my people let me 
stay here long enough to understand some of these problems the way 
he does. And he expresses them so well.

Mr. Downs, I would hope you would repeat your comments to your 
viewing public and make just one suggestion, and add just one little 
thing, and that is the. public has to pay the price.

The interesting thing about politicians is that we send out question 
naires, and we ask our people if we should spend more money for 
water pollution and air pollution control. The answer is "yes", and 
that should we. do something to try and clean up the sewage problem 
and make certain we all have very efficient municipal and industrial 
pollution control. We also ask whether we should take action to protect 
the oceans, and the Chairman and I have a bill to authorize $25 billion 
over 5 years on some new thoughts in this regard, and the answer is 
certainly "yes". And then we ask them if they think we ought to be 
able to cut taxes and they say "absolutely".

And the result you have neglected to include is that fact that, in the 
end, the public has to pay the price, or we are not going to succeed.

But it is a very brilliant statement and I enjoyed it very much. 
Thank you.

Senator ROLLINGS. Senator Hatfield ?
Senator HATFIELD. I am very tempted, Mr. Chairman, to move this 

discussion one step further. But I shall refrain from doing so at this 
time. That would have been to indicate that we have resources to do 
all this. The Nation is not shy of resources, as I see it, financial re 
sources, and technological resources. We have pur priority, however, 
on destroying life and destroying it through military spending. That 
is where our priority is rather than on creating life and trying to cor 
rect these environmental problems. But that is another sub]ect and 
another day.



125

I do think we ought to make very clear the public has a right to 
expect expenditure of their money resources, their natural resources, 
and all otter resources to meet certain basic human needs.

It does us precious little good to develop ABM systems? to spend 
$79 billion—two-thirds of the Federal tax dollar—for military pur 
poses, if we are going to find ourselves on the short end of having a 
globe on which we can survive because of pollution of the oceans and 
atmosphere.

I don't think we have really faced up to that yet. I think we are still 
of the idea that it is "either-or", we have either got to spend on mili 
tary programs and give them great resources, and thereby neglect 
these other areas.

So as I say? I don't think it is a question necessarily of financial 
resources. I think we have them.

Now when this whole thing is over, we in the political life will have 
pressure to reduce taxes. That will be the big thing, rather than trans 
ferring some of the resources we are now spending, with too few ques 
tions, on military programs to these other needs that have been limp 
ing along, undernurtured and underfed. I think we ought to start lay 
ing the groundwork now to prepare for that day, when we are out of 
Vietnam, when we are reducing military budgets, that we not yield 
then to the politically popular pressure that will be raised to reduce, 
all taxes in correlation to those reductions in military spending, rather 
than transferring those resources to trying to catch up with this lost 
ground we have been losing more and more of on the environmental 
front.

But I really didn't necessarily want to get involved in this too much 
at this point.

I do want to congratulate you, Mr- Downs, for a great contribution 
and certainly say as far as one person is concerned, I don't think it is 
a question of adequacy of resources, I think it is a question of where 
we are spending it.

Mr. DOWNS. This is one of the reasons it seems to me education 
here—and I use the word loosely—public information, is so important. 
Because it has always grieved me to see the space program lumped in 
with the military effort, because1 the space program has as one of the 
tiny bits of spin-off that has been a benefit the literal pictures of the 
entire globe, which show, unlike the globe pictured by artists for gen 
erations, as a ball floating in a sea of cottony clouds, that indicate an 
atmosphere extending out thousands of miles, we see how limited the 
atmosphere is, we see the absence of national boundaries, and perhaps 
it would point up the folly of ideological strife that people have killed 
each other for for centuries.

I think the education aspects of this can help melt away the prob 
lem that you mention.

As far as taxes go, there is no reason to assume that all of this must 
be handled by taxes, because since it costs more, for example, to man 
ufacture a pollution-free automobile than one that pollutes, it must be 
expected by the public that they will have to pay more for a pollution- 
free automobile, and this is one example of where the Government 
wouldn't foot the bill in that way, but the consumer would foot the bill 
in a more familiar or palatable way.

Senator ROLLINGS. And we can make them want to pay more taxes 
if we approach it in the right fashion. There is no trouble, as Senator
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Hatfield said, about the capacity, the wherewithal. But the truth of 
the matter is, we always jump from the economy to the ecology and 
back to the economy, the polarization or the domestic needs as com 
pared to defense needs. We don't really need to do that. We sat around 
here 2 months ago and we passed a billion dollar measure with hardly 
a dissenting vote to hire the unemployed. And the testimony before 
the Appropriations Committee was, oh, they could pick up cans, they 
could nelp ecology, clean up the parks, fill up the courthouse, fill up 
the State houses. There was a billion dollars going down the drain. 
There is another billion coming next year. And yet, we just had hear 
ings on the West Coast. Senator Stevens, Senator Hatfield and I all 
attended to try to develop this. There were thousands unemployed in 
the Seattle area, technicians, scientists, machinists. Wilbur Smith, an 
official of the AFL-CIO, testified that they could easily be adapted 
from aerospace into oceans technology and put to gainful employment.

So the only way I know—I could say these things over and over 
again—but the only way we are ever going to get this message through 
is with people with the brilliance and dynamism of you three here 
this morning getting the attenion of the American public and in turn 
of our colleagues here in the Congress to move in the right direction.

I don't know of a better morning that we have had, including the 
controversy, Dr. Commoner; I liked that. I don't know what the head 
lines will say, but you don't mind.

Senator STEVENS. If it is like the time I had a little exchange with 
Nader, I will get a thousand telegrams tomorrow morning about it.

Senator ROLLINGS. We thank afi three of you very very much for 
your presentations here this morning.

(Thereupon, at 12:45 p.m. the hearing was concluded.)
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