
Control or the Environment

For the Health of Mankind

A symposium of nine addresses at the dedication ceremonies
opening the Public Health Service's Robert A. Taft Sanitary
Engineering Center at Cincinnati, April 8-9, 1954. Each speech
is presented in slightly abridged form.

A Tribute to the Traditions
Of Scientific Proficiency

_- The Public Health Service is honored
because the distinguished guests who

^ F are participating in the dedication
of the Robert A. Taft Sanitary Engi-

neering Center represent every part of our na-

tional life which has an interest in the past, the
present, and the future of the Public Health
Service in general-and of our sanitary engi-
neering mission in particular. This means that
there are present at this ceremony representa-
tives of industry and of government-national,
State, and local-representatives of the public
health and engineering professions; represent-
atives of education and of scientific research.
The Public Health Service is also honored

because the completion of this new research cen-

ter is really a tribute to the traditions of scien-
tific proficiency and administrative integrity
under which the Public Health Service was
founded and in which it serves the Nation today.
Forty-two years ago, President William

Howard Taft signed the act which gave the
Public Health Service its present name and also
its first basic authority to range in its research
efforts beyond the realm of "infectious and con-
tagious diseases." Within a year after Presi-
dent Taft approved this law, the Public Health
Service had set up its Stream Pollution Investi-
gations Station in Cincinnati.
At that time the field of sanitary engineering

was emerging in response to the needs of a Na-
tion in transition from rural to urban life.
Over the past four decades, sanitary engineer-
ing has made significant contributions to the
conquest of many common communicable dis-
eases. It has dealt with the health-related prob-
lems of water, food, shelter, and air. Today, in
a rapidly changing technology, the environmen-
tal health problems are much broader and much
more complex. This laboratory provides for
the first time a national facility so urgently
needed to probe the new environmental stresses
and their effects on man.

Is it not fitting, therefore, that the research
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set in motion more than 40 years ago by the sig-
nature of a distinguished father should now be
conducted in a modern laboratory building
sponsored by, and named for, his distinguished
son?

A Dedication to the Health
Of Future Generations
i _ In addition to honoring the memory

of the late Senator Taft, we are dedi-
cating a structure and reaffirming an

-h îdea. The structure is a place of
science designed to probe and to test and to seek
out answers. The idea is that the health of
man is inseparably tied to the conditions of his
environment. The health problems of our pres-
ent environment are highly complex. They
call for the knowledge of a special branch of
science, the skills of a special corps of workers,
the facilities of a special kind of building.
The opening of the Robert A. Taft Sanitary

Engineering Center represents the fruition of
that idea in today's world. It will be the Na-
tion's headquarters for research in the science
of public health engineering. It will be a focal
point for inquiry and investigation into all the
external factors which affect human health.
It will be a center where men and women in
the professions of engineering, chemistry,
biology, physics, medicine, mathematics, and
many other disciplines work together to develop
and apply knowledge.

Engineering and Everyday Life

Many people associate engineering with high-
ways and bridges and great industrial ma-
chinery. Yet, from the beginning of recorded
time, man has applied engineering principles
to the necessities of everyday life. Sanitary

enginieering had its origins in the first crude
efforts to gather and store rainwater for drink-
ing purposes or to dispose of wastes effectively.
Manpower and simple machines accomplished
such feats of engineering skill as the, water sys-
tems of ancient Egypt and Babylon.
But the early efforts were aimed largelv at

civic betterment and public pride. Only wheni
the transition to urban life became pronounced
did we recognize that sanitary conditions are
associated with the public health.
In our own Nation, as we moved swiftly from

a rural to an urban mode of life, the need be-
came sharp and compelling. One of the first
tasks undertaken by organized public health
services in this country was that of cleaning
and safeguarding the physical environment.
For a long time, however, we proceeded on an
empirical, trial-and-error basis. Only within
recent times has a recognized branch of engi-
neering developed to deal with the sanitary
sciences. The people of this country owe a great
debt to workers in this field. The debt is all
the greater because we accept the literal
wonders they have worked as commonplace.

It is a sobering fact that in many parts of
the world today, such necessities of life as water
and food are common bearers of disease and
death. The grim shadow of pestilence lurks in
every pool of stagnant water, in the squalid
streets and homes. In this country, we drink
water from a tap without a second thought, se-
cure in the knowledge that the water is free
from disease-bearing germs. Most Americans
live in homes and work in offices and plants
that are safe and comfortable and provided
with decent sanitary facilities.
The science of sanitary engineering has, to a

considerable extent, made this possible. Engi-
neering has produced and shaped the facilities
which protect millions of people against epi-
demics of typhoid fever, dysentery, and cholera.
The control of insects, vermin, and rodents has
contributed to the diminishing incidence of
malaria and plague.
The water and drainage systems, the control

of on-the-job hazards, the countless machines
and installations built to protect the public
health-all are monuments to the achievements
and potential of engineering research and prac-
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tice. More than 40 years ago, Public Health
Service workers set forth the fundamental rela-
tionship between typhoid fever and polluted
waters. Many of their studies were made in
this laboratory-first established in 1913, in the
old Kilgour mansion in Cincinnati.

New Problems, New Challenges

We live in an age of change. Man's relation
to his environment is affected not only by
change itself but by the speed of change. Not
so long ago it was quite apt to apply a meta-
phorical label to a period of time, and call it
the era of coal, or steam, or of power. Today,
clhanges come in such bewildering succession
that it is difficult to pinpoint anything except
the fact of change itself. We live in a chemical
age, an atomic age, and an age of jet power all
at the same time.
The effects of change on our physical and so-

cial environment, of course, have been tremen-
dous. We are buffeted by noise, subjected to
internal and external tensions, harried by the
increasing tempos of our civilization. The air
we breathe, the food we eat, the water we drink
now contain chemicals and synthetic materials
undreamed of a few decades ago.
In the last 50 years, the population of the

United States has doubled, and is increasing at
the rate of 2 million a year. The urban popu-
lation has tripled since 1900. The output of
industry and agriculture has increased seven-
fold. Literally tens of thousands of separate
organic chemicals are among the wastes now
dumped into water supplies by our expanding
industries and cities.
The dangers implicit to the health of the

people in this enormous growth cannot be ig-
nored. More people, more cities, and bigger
industry mean more wastes discharged into the
lakes and streams. How will this affect the
supplies of water for drinking, for agriculture,
for industry, for wildlife, and for recreation?
There is no longer certainty that present treat-
ment methods can continue to cope with the
wastes and byproducts of new technology.
The use of atomic materials has brought an-

other entirely new set of environmental prob-
lems. President Eisenhower, in his December
1953 speech to the United Nations, clearly

marked the course of this Nation in harnessing
the power of the atom for peaceful purposes.
And in his February 17, 1954, message to the
Congress on the Atomic Energy Act, he envi-
sioned wide industrial participation in the uses
of atomic energy for the production of civilian
goods and services.
But we must make sure that the expanded

use of atomic substances does not injure the
public health and safety. How can radioactive
wastes, for example, be disposed of safely and

The White House,
Washington, D. C., April 2,1954.

The Honorable Oveta Culp Hobby,
The Robert A. Taft Sanitary Engineering

Center, Cincinnati, Ohio.
My best wishes to you and the staff of the

Department of Health, Education, and Wel-
fare on the opening of the Robert A. Taft
Sanitary Engineering Center. In giving Sena-
tor Taft's name to a center dedicated to a
healthier America, we remember a great
American in a most fitting way. During the
course of his brilliant public career, Senator
Taft worked unceasingly for the better health
of the American people. Few areas of re-
search are more important than man's relations
with his environment-his home, his place of
work, his food and water, the very air he
breathes. These days the employment of
substances and materials, completely new or
hitherto little known, is rapidly increasing.
Health-and sometimes lives-depends on
wise and prudent use of them. Research,
consequently, is more necessary than ever
before. We must continue to develop tech-
niques that will protect the public health and
at the same time foster industrial and com-
munity growth and improved living conditions.
This is the mission of the Robert A. Taft Sani-
tary Engineering Center-a mission that does
honor to the man whose name it bears, and
to the 80th Congress that conceived and sup-
ported the project. I wish you and your
associates every success in this important
undertaking.

Dwight D. Eisenhower.
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surely? The scientists of this laboratory will
liave a vital part in developing the knowledge
that will protect the people of this Nation as
they use the atom for peace and prosperity.
There are a host of other problems growing

out of our modern, urban, highly industrialized
society. Air pollution, for example, is not only
a 20th century nuisance but may be a real men-
ace to human health. The tragedy at Donora,
Pa., in which 20 people died and half the town's
population were ill during a 4-day smog,
brought this home with dramatic intensity.
Across the country-in New York, Charleston,
W. Va., St. Louis, Los Angeles-irritations of
the eyes, nose, and throat have been traced to
polluted atmosphere.

The Dedication

We look with higlh hope to this laboratory to
obtain the information whiclh is so essential to
the Nation's health. We are confident that it
will live up to the expectations of the Con-
gress, whose concern with the health problems
of our environment made this center possible.
The nonpartisan character of the legislation

which authorized the Robert A. Taft Sanitary
Engineering Center-the Water Pollution Con-
trol Act of 1948-illustrates the unity of pur-
pose in protecting the health of our people.
For many years, the late Senator Taft-dis-
tinguished son of Cincinnati-worked to bring
about legislation to safeguard our national
sources of water supply against pollution. In
many ways, this center can stand as a monu-
ment-one among very many-to the untiring
struggle for better health for the American
people which he carried on during his public
career.
President Eisenhower, in his health message

of January 18, 1954, made special mention of
this center and the possibilities it has in store
for American health.
To dedicate, in its classical sense, means to

declare or set aside. We set aside this center
for study of the environment of man. We set
it aside to serve the comfort and health and
well-being of all Americans.
We declare it a partner in a broad alliance

with industry, our schools and universities, and
private and public organizations. We declare

it a training center for saniitary sciences
throughout the Nation and as a source of advice
and assistance for State and local communities.
We set this center aside as a place of scientific
inquiry and as a source of the practical applica-
tion of knowledge. In all humility, we dedi-
cate it, in the tradition of American democracy,
to the service of man and to the health of future
generations.

Our Tworold Responsibility
In Sanitary Engineering

The ability of man to effect some de-
gree of control over his environment
is one of the major characteristics

f whiclh distinguish him from other
biological forms. It is this ability which ac-
counts in large part for man's predominance
over other life forms on the earth. Historically,
attempts to control factors of the environment
in the interest of hlealth are by no means new,
but the great impetus to the development of
community sanitation practices has come in the
last century-derived from the discoveries of
science in that period.
In the United States we are blessed with the

fruits of the practice of the sanitary sciences as
developed to date-a freedom from the occur-
rence of previously common devastating epi-
demics of communicable diseases-a freedom
which is still lacking over most of the earth's
surface. We are at the same time face-to-face
with a fast-growing and increasingly complex
industrial development and urbanization; these
are contributing to our increasing standard of
living but are also producing problems with re-
spect to the safety of our environment-the air
we breathe, the water we drink, the food we eat.
We must keep pace with these developments as

By Vernon G. MacKenzie, B.S., officer in charge,
Robert A. Taft Sanitary Engineering Center,
Cincinnati.
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they occur, for without such progress, we do not
merely stand still, we retrogress.
Our responsibility, then, in the field of sani-

tary science is twofold: to continue, by support
of the basic sciences and engineering applica-
tion, the development of practices to solve the
increasingly complex problems of environmen-
tal health hazards; and, in keeping with our
present global position, to provide to the less
fortunate people of the world the stimulus to
permit them to make real progress in their as-
pirations to control their environmental health
problems.
There are many who say that man's ability to

control his environment will react disastrously
to him-not only, for example, through misuse
of nuclear energy but also through the applica-
tion of modern health practices in the so-called
undeveloped areas of the world. The gloomy
prophecies of Malthus have not yet proved
themselves with respect to human populations
in industrial areas, but some believe that such
catastrophe has only been postponed. All these
fears are only symptoms of an obligation which
must be met; namely, the development of the
social sciences and their application in com-
parable manner to our material sciences. Only
in this way can we be assured that full advan-
tage can be taken of our material well-being in
national and world communities.

Buildings Do Not TkinI
But Men Do

The new building for environmental
hygiene research marks a great mile-

' stone in the long and distinguished
history of the Public Health Service

in reducing mortality and in preventing the
incidence of disease. In these accomplishments,

remarkable in quality and in quantity, control
of the environment along the joint fronts of en-
gineering, biology, and chemistry has had an
equally fine record.

It is timely to recall the thought of Charles
A. McCuen, of the General Motors Co.: "Neither
elaborate equipment nor well-appointed labora-
tories can think. These inanimate things make
research possible, but creative values from these
things can result only from questioning, analyti-
cal minds of men."
This center, dedicated in the words of Vergil,

to "the noblest motive-the public good," will
rise to new heights of accomplislunent or fall
to the depths of mediocrity dependent on the
skillful choice and the freedom of mind of its
scientific staff. It renews its work with the bene-
fit of a great heritage of previous scientific con-
tribution. It is to till a field, national and inter-
national in scope, which is still plagued by the
ancient diseases as well as those more recently
added to mortality tables.
What kind of people are these scientists who

breathe life into a building? 'How does one find
and capture them? How does one measure their
so-called units of work? Upon what food do
they feed?

In the Footsteps of the Giants

Josiah Willard Gibbs, Henry A. Rowland,
and Ira Remsen-three men long dead-revo-
lutionized the world in industry, in electricity,
and in chemistry. A courageous statistician
recently evaluated their worth to society in
terms of billions of dollars. What is the nature
of the scientific problem with which such men
deal? Vie.wed by their contemporaries, they
seemed to struggle with the esoteric-the use-
less. The importance of so-called "useless"
knowledge, developed by the imaginative mind,
cannot be overestimated. Faraday's comment,
"How can one estimate the value of a new-born
babe?" gives a universal clue to the eternal ne-
cessity of providing an opportunity for scientific
work by the strange, the "crazy," the peculiar,
and the unorthodox worker.
The area of the greatest opportunity for this

center is to devote its best brains to unmasking
the unresolved issues of a basic nature, rather
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tlian to run the risk of permitting its energies
to be frittered away in the myriads of minor
(levelopment activities so easy to list and so
seductive to pursue. Its field of inquiry, since
disease is universal and no respecter of geogra-
')hy, politics, culture, or economics, although
locally explored, will forever have worldwide
application and significance. The stakes, as
well as the fruits, are high.
That the Cincinnati workers will be placed

on their mettle no one can or should want to
deny. To follow in the footsteps of the giants
is uncomfortable, but the warmth of their spirit
likewise has an important stimulating quality.
History teaches us that the great of the past can
be surpassed by the great of the present. These
men-Frost, Phelps, Hoskins, Crohurst, Butter-
field, Streeter, Purdy, Tarbett, Hommon, Frank,
and Ruchhoft-would be the first to say they
only precede but do not exceed.

The Role of Engineering
From its beginning as an organized
profession, engineering has been
aware of its responsibility for pro-
viding the social capital that spells

the developing of available resources-both
human and material.
For more than a century, the association of

engineers with public health has been close and
fruitful, and, in general, harmonious. To be
sure, leaders of both professions have not
always seen eye to eye, principally, when the
sources and modes of spread of infectious dis-
eases were not known or understood; when
both engineering and public health were striv-
ing for a place in society; and when the lack of
scientific knowledge was overshadowed by the

By Gordon M. Fair, Dr. Ing., Abbott and lames Law-
rence professor of engineering and Gordon McKay
professor of sanitary engineering, Harvard Uni-
versity.

partisanship of those who defended inadequate
theories.

History of the Sanitary Engineer

In the catechism of engineering, the question
which asks for the four essentials of human
existence is answered by the words, "air, water,
food, and shelter." Of these, air and water are
elemental and among Thomas Tredgold's "great
sources of power in Nature" that the engineer
is to direct "for the use and convenience of
mankind." It is these great sources, and water
specifically, that brought the engineer into the
public health field. Food and shelter are in a
sense derivative, certainly more or less indi-
vidualistic in their need, and in general are less
amenable to management by engineering means.
The engineer who has to concern himself

specifically with the control of the environment
for the health of man-the sanitary engineer-
did not become established in his profession
until the late 19th century, and as a unique
American creation. The reason for his origin,
in the Massachusetts State Board of Health,
was an 1886 act of the Massachusetts General
Court entitled, "An Act to Protect the Purity
of Inland Waters." The vision behind his
origin was that of Hiram Francis Mills, a mem-
ber of the State board of health and chief engi-
neer of the Essex Company, which owned and
managed the locks and canals of industrial
Lawrence.
In order to carry out the provisions of this

act, an engineering department was set up in
the Massachusetts State Board of Health, and
a zestful group of chemists and biologists was
drawn into association with the engineers of
the department. At the same time, Mills offered
the u.e of his hydraulic laboratory in Lawrence
for experimentation upon the best practicable
methods for purifying sewage and disposing of
manufacturing refuse. This laboratory was re-
named the Lawrence Experiment Station and
has continued its useful existence to this day.
The impact of these developments on the

evolution of public health and on engineering
practice in America made the engineer a respon-
sible member of the public health team of physi-
cian, engineer. and (later) nurse; gave the en-
gineer the key position in a team of his own
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composed of engineer, clhemist, and biologist;
and made sanitary engineering investigation a
responisibility of public authority.
About 25 years after tlle events in Massachu-

setts, need for the control of pollution of the
international boundary waters between the
United States anid Canada and of the great in-
terstate streams of the United States directed
the interests also of the Public Health Service
into engineering channels. The Massachusetts
act of 1886 hlad its counterpart in the act of
Coingress of 1912 which extended the function of
the Public Health Service to include investigat-
ing sanitation and sewage and pollution of the
navigable streams and lakes of the United
States.
The survey of the pollution and natural puri-

fication of the Ohio River, begun in 1913, led the
Public Health Service to establish a laboratory
at Cincinnati. Thus, a small frame building on
the banks of the Merrimack River, the Law-
rence Experiment Station, became the proto-
type of the Robert A. Taft Sanitary Engineer-
ing Center of the Public Health Service, the
great building on the wide Ohio.

Water-A Human Essential

Since the collaboration of engineers with
medical men as well as with chemists and biol-
ogists was born of the needs of a developing
industrial civilization to preserve the integrity
of its water resources, let us first examine the
role of the engineer in the control of water for
the health of man. This control, correctly antic-
ipated by Tredgold, has been exerted in three
directions: the provision of safe, adequate, and
economical water supplies; the utilization of
these supplies to carry away safely and eco-
nomically the wastes of household and industry;
and the preservation of natural waters for the
use and enjoyment of man.
To these purposes, engineers have built works,

some of which rival in their complexity the
greatest feats of engineering in human history.
The water supplies include dams that store great
deptjis of water behind them in impoundages
of vast volume, conduits that carry the collected
water over hundreds of miles of hill and valley,
tunnels that are many times longer than the most
famous railroad tunnels in the world and that

drop, in at least one instance, more than a
thousand feet below the earth's surface to pass
beneath rivers in their way. They include
pumping stations to lift the water to communi-
ties, works for the purification of the collected
water, and networks of pipes that distribute the
water necessary to prevent serious conflagra-
tions. Delivered to the piping system of the
consumer, the cost to him has nevertheless been
hleld to a few cents a ton.

The Safety of Waste Water

But water engineering does not stop there.
Most of the water supplied must be removed
from the premises as spent or waste water.
This has required the construction of other net-
works of conduits through which the waste wa-
ters flow as in underground streams to sweep
away waste products that are imposed upon the
carrying water. That these Augean streams
may not destroy the lakes, ponds, and streams or
the tidal estuaries into which most of them must
discharge, treatment works of ever-increasing
effectiveness have been built to make the waste
waters safe for disposal. What has been done
for municipal sewage has been repeated in ever-
increasing volume for industrial waste waters,
too.
The satisfaction for the construction of these

water supply and waste-water disposal systems
has accrued to many kinds of engineers, but
foremost to civil and sanitary engineers. Some
of them have excelled in structural design,
otlhers in hydraulics, others in foundations, yet
others in purification-process designs. The civil
and sanitary engineers, in turn, have called
uponi the services of other engineers and of sci-
entists: mechanical and electrical engineers for
pumping water and waste water and for meas-
uring and regulating its flow; geologists for
locating dams, tunnels, conduits, and ground
water; and chemists and biologists for control-
ling the quality of the water supplied and the
waste water discharged.

Closely related to engineering activities con-
cerned with the control of water and waste wa-
ter have been sanitary engineering interests-
in swimming pools and bathing places, in the
harvestinig of shellfish and other useful aquatic
life, in crops irrigated with sewage or fertilized
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wvith sewage sludge or other municipal wastes,
alnd in breeding places for mosquitoes that are
-vectors of disease or purveyors of nuisance.

Air and the Engineer

Early interest in the control of the atmos-
plhere and of indoor air for the health of man
was erroneously directed towards noxious odors,
miasmas, or malarias that were believed to be
responsible for the dissemination of contagion.
Not until the miasmatic theory of disease had
been dispelled and the physiological relation-
ships of air to man had been adequately ex-
plored was the engineer able to devise rational
means for controlling the air of public build-
ings, workshops, and private dwelling houses.
Like water, air is subject to chemical and bio-

logical contamination. But its climatological
condition may be such by itself that it is inimi-
cal to human health and comfort. As a result,
the control of air has involved multifarious en-
gineering responsibilities. To prevent or hold
in check the pollution of the atmosphere over
great cities and industrial areas, engineering
designs and operations have had to concern
themselves with the proper combustion of fuels
and with the management of almost numberless
industrial operations from which airborne waste
products are released into the atmosphere. The
natural reservoir of air in the earth's envelope
is so great and the substance itself is so fluid
that the effects of everyday air pollution have
generally not been sufficiently intense to be diag-
nosed with precision, and catastrophes such as
those in Donora, Pa., and London have been
mercifully few.
The control of indoor air has been the respon-

sibility of mechanical engineers concerned with
air-conditioning, heating, ventilation, and ex-
tremes of heat and atmospheric pressure, and
of chemical engineers concerned with dusts,
fumes, and gases that arise from manufacturing
processes and from mining and related opera-
tions. Their knowledge is often shared by sani-
tary engineers who have made air rather than
water their principal interest. Air-condition-
ing, heating, and ventilation systems are de-
signed to satisfy the physiological requirements
of the occupants of enclosed spaces. These sys-
tems have contributed widely to human comfort

and presumably to better health. Disinfection
of the air for the control of communicable dis-
eases spread by close contact between individ-
uals has not yet proved itself under normal con-
ditions of space occupancy. The control of
industrial operations, however, has reduced oc-
cupational diseases markedly.

Food and Food Wastes

Numerous health hazards are connected with
the production, conditioning, preservation, stor-
age, preparation, and serving of foods. Among
these, the large-scale operations of condition-
ing, preservation, and storage of food have lent
themselves best to control by engineering means.
As manufacturing processes, they have been
principally matters of heat engineering. The
canning and freezing of foods and the large-
scale pasteurization and bottling of milk are
examples. Although these operations are con-
ducted in a great number and a large variety
of installations, the equipment used has become
a product of engineering analysis, design, and
production. These together with the self-regu-
lation of industry, have made for a high degree
of accomplishment in health protection. Con-
trariwise, the preparation and sale or serving of
foods in restaurants, foodshops, and the like
require so many small-scale operations that they
cannot be subjected, economically, to engineer-
ing control other than that inherent in available
"household appliances." As a consequence, the
number of foodborne epidemics has remained
extraordinarily high.

Collection and disposal of garbage and food
wastes normally proceed along with the collec-
tion of other solid municipal refuse. The nu-
merous engineering opportunities in this area
include the design of the vehicles employed for
the transportation of the refuse and of the
means for disposal such as landfills, grinding
stations, incinerators, and composting stations.
The feeding of garbage to swine is less amenable
to engineering control; it presents a health men-
ace through the possible spread of trichinosis.

Shelter, Its Present Relationship

Basic designs for human shelter are of an
engineering nature. Consideration must be
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given to the properties of materials, heating,
ventilation, lighting, the control of noise, the
provision of water, the removal of waste water
and refuse, the control of vermin, and the con-
trol of accidents. Except for large-scale hous-
ing operations that require the services of
engineers both in planning and execution, the
principal contribution of engineers has been in
the provision of suitable materials of construc-
tion and of useful mechanical equipment.
Problems of a sociological nature have, as yet,
not been resolved by engineering means, and
possibly never will be, although there are factors
in the environment that impinge upon them.

Public Health Engineering

In America, engineering has been given im-
portant administrative responsibilities in pub-
lic health and related agencies of government.
Where strong sanitary engineering units have
been developed in such agencies, the public has
been well served; opportunities to promote the
public health have been seized; and there has
been good support by the engineering profession
and by the general public for sanitary improve-
ments and needed sanitary works. Where en-
gineering units in public health agencies have
been weak, there has been a splintering of re-
sponsibilities among other governmental bodies.
This has not made for perspective, leadership,
and experimentation. Although there has been
progress, it has been emulative rather than ex-
emplary, on the whole slow, often inadequate.
By assuming administrative responsibilities,

engineers have been able to exercise important
functions, among them: determination of the
sanitary needs of urban and rural communities
and of industrial enterprises; interpretation of
these needs to responsible governmental agen-
cies and civic groups to insure the construction
of the requisite engineering works; cooperation
with practicing engineers and industries in the
application of modern health concepts; super-
vision over existing works and their effective
management; assistance to legislative bodies in
the preparation of sanitary laws, rules, and reg-
ulations, and arbitration of their enforcement;
participation in emergency operations for dis-
aster relief and for the prevention of epidemics
allied to environmental factors; and direction

of researches and investigations by which the
control of the environment for the health of
man has made important progress.
In these researches and investigations, as well

as in many of their other undertakings, engi-
neers have had the cooperation of chemists ant
biologists. Without such teamwork, progress
would have been much slower.

Social and EconomicChange
And Health Engineering

A glimpse of what sanitation was
like a century ago in our own coun-

X >W!try may be had when we travel the
:41reunderdeveloped countries of the

world. Open water courses are used for drink-
ing purposes, washing the body, scrubbing
clothes, disposal of human exereta, and as a
place for ducks and children to swim.
Lack of attention and control of environ-

mental sanitation are in evidence in both rural
and urban areas. The need for improvement
in environmental health is self-evident, even to
the casual observer.

Diffusion of Cultural Patterns

Most underdeveloped areas in the world are
that way because of their inability to make ef-
fective use of their'natural resources. Recently,
diffusion of cultural patterns from well-devel-
oped areas has proved to be a powerful stimulus
to backward nations to improve their social and
economic status. Global warfare, as one of its
few benefits, has contributed significantly to
the intermingling of people of diverse cultures
and has brought about a new concept of health
and well-being among the underprivileged

By Herman E. Hilleboe, M.D., commissioner, New
York State Department of Health, and president-
elect, American Public Health Association.
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people who comprise the majority of the world's
population.
The people of the "have not" areas have

.twakened to the fact that it is possible to speed
lip the evolution of their living standards, and
hliey are impatient to get under way. Many
hlave come to the United States for assistance-
technical, fiscal. and administrative-in their
efforts to achieve new social and economic bene-
fits. For our own ultimate survival, we must
hlelp these people to help themselves, not, as
some propose, by revolution that could destroy
all of us, but by a scientific process that will
speed up the development of their nations in an
orderly manner.
Modern engineering makes it possible, John

Logan, an engineer with global experience, ob-
serves, to alter completely the social and eco-
nomic status of any area in the world, assuming,
of course, adequate provision of health, educa-
tional, and nutritional services, public accept-
ance and support of the objectives, and avail-
ability of human and natural resources. An im-
portant segment of future global engineering
comes within the sphere of activity of the sani-
tary engineer. The universal desire for health
mandates the services of the sanitary engineer;
he is an integral member of the health team that
will have the task of improving the personal and
physical environment so necessary for produc-
tivity and improved well-being.
The Robert A. Taft Sanitary Engineering

Center can contribute materially to the im-
provement of underdeveloped countries by
training research scientists for these areas and
(lisseminating knowledge of environmental en-
gineering. Sanitary engineers can aid in the
conservation and wise use of human resources,
the most potent factor in the development of
backward countries.

Environment and Health

Sanitation practices can no longer be nar-
rowed by custom to milk, food, water, and
sewage, and the prevention of spread of com-
municable diseases by indirect methods. There
is need to extend the knowledge and influence
of sanitary science into the broad fields of hous-
ing, home and traffic accidents, rodent and in-
sect control, and atmospheric pollution. The

tlhreat to health, both mental anid plhysical, of
slum districts and poorly contrived housinig
projects is no longer questioned. Higlh stand-
ards for ventilation, heating, lighting, and liv-
ing space are a necessary part of advaiceed
planning in the home, on the farm, in the slhop,
and in the factory.
Both adults and children need space and safe

equipment for recreation and leisure activi-
ties. Mental and physical fatigue associatedl
with the tedium of daily labor is favorably af-
fected by rest and recreation away froIm the
scene of economic struggle. The attainmenit of
such recreation areas can help realize a hiigl
level of security and productiveness. To ob-
tain these facilities, adequate funds are nieces-
sary.

Experience hias tauaht public health workers
that most legislators and most taxpayers are
not very much impressed with the amount of
money saved by preventive services in public
health. To gain the acceptance and support of
the people for our environmental health pro-
grams, we must try to express savings in under-
standable terms of social and economic benefits
to the community.

Civil Defense

Out of the fears created by the incredible
potency of the hydrogen bomb comes a grave
concern for the protection of the public health
in the event of an enemy attack. An atomic
blast upon a major city would create enormous
havoc; care of the injured and dying would ab-
sorb all available human and physical resouices.
The engineering profession has been called

upon to serve as leaders, along with physicians,
dentists, nurses, and other professional person-
nel. Provision of emergency water and food
supplies, sewage and refuse disposal, deconi-
tamination of persons anid material exposed to
nuclear fission products-tlhese are essenitial
services that will help bring order out of chaos
following a disaster. Optimum public healtl
services must be maintained and even expanded
to meet the threats of atomic, gas, aiid germ
warfare. The challeinges of survival stimulate
group activity, in which the environmental en-
gineer has an important role, botlh as engineer
and as citizen.
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Problems in the use of niuclear energy in peace
as well as in war are lheavily laden with social
and economnic overtones in the public health
field. Technological advances in the produc-
tioni of electricity from radioactive strontium,
the irradiation of food for its preservation, and
tlhe use, distribution, and disposal of radioactive
isotopes challenge the ingenuity of sanitary
engineers.

Water and Atmospheric Pollution

After 3 years of intensive study by legislators
and(I experts in hiealth, engineering, and indus-
trv, a comprehensive water pollution control
law was enacted in New York State in 1949.
This created the New York State Water Pollu-
tion Control Board and gave it far-reaching
authority and responsibility to prevent and
abate pollution of the waters of the State. In-
cluded on the board are the State commissioners
of agriculture and markets, commerce, conserva-
tion, health, and public works. A sanitary
engineer from the New York State Health De-
partment serves full time as the board's ex-
ecuitive officer. An ex officio member presents
induistry's viewpoint in the planning stages of
the programs.
The board's activities demonstrate that the

social and economic life of our people can be
favorably influenced by the prevention and
abatement of water pollution. This is the kind
of successful approach that States can use to
attack water pollution problems, large or small,
rural or urban, industrial or municipal.
Recent experiences in several American cities

have drawn attention to the dangers of air pol-
lution. Not only is the health of individuals
threatened but also the social and economic sta-
tus of the community. No one willfully comes
to live in a smog-ridden city or metropolitan
area overladen witlh smoke, noxious gases, or
irritating clhemicals that may become deadly
without warning. The losses to agriculture are
costly in areas where industry unwittingly or
carelessly contaminates the air with dangerous
pollutants.

In the field of atmospheric pollution, there is
an uinequaled opportunity for the sanitary
scientist, the epidemiologist, the laboratory
worker. and the industrialist to join in a com-

bined operation to insure a more healthful en-
vironment. The dividends will accumulate in
the form of better health and standards of liv-
ing and a deep sense of community accomplish-
ment for industries and municipalities.

Tooth Decay and Water Fluoridation

Dental science has made significant progress
in the control of tooth decay. The most prom-
ising development is the mass reduction of
dental caries by fluoridation of public water
supplies-a field in which dentists and sanitary
engineers have combined their knowledge and
skills to improve health and well-being, espe-
cially for growing children.
When chlorine was first added to public

water supplies to prevent waterborne diseases,
there was much objection to its use. Gradu-
ally, as experience taught that it was absolutely
harmless in the small amounts employed and
that countless lives were saved by preventing
infection with deadly germs, the practice was
accepted. That minimum amounts of fluoride
added to drinking water effectively prevent
tooth decay has been demonstrated. In such
small amounts, this substance is harmless, its
cost nominal, and rigidly controlled application
easily accomplished.

Experts in sanitary enigineering are in key
positions to explain to their nonprofessional
colleagues that dental decay is cheaper and
easier to prevent than to treat. People under-
stand the economics of family dental bills; no
clharts or graphs are necessary to convince them
of the value of tliis public health program.

Traffic Accidents

Radio, television, exhibits, and other means
of communication all stress the safest ways to
operate motor vehicles. Community organiza-
tion of safety clubs, teen-age driver classes, and
traffic courtesy instruction help to obtain under-
standing and support of the citizens for traffic
safety programs. Safer highways and more
efficient systems of traffic control and enforce-
ment contribute significantly to safety on the
road. No one questions the continuing need for
education, engineering, and enforcement in the
campaign to reduce death and disability on the
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highway. But the high tide of traffic deaths
and costly disabilities that engulfs an increas-
illg number of the driving public is morbid evi-
dence that many accident problems still remain
unsolved.
That ample knowledge exists to cut down the

toll from traffic accidents may be true about
highway systems and motor vehicles, but, tragi-
cally, it does not apply to the driver of the
automobile. Why is dangerous driving a sym-
bol of male prowess to so many men? Why do
some drivers behave as they do when behind the
wheel of a machine that can be transformed in a
flash into a lethal weapon?

Several medical and allied research groups
are studying driver behavior, the health of
drivers, the effects of various drugs on driving
ability, and the dangers of fatigue and fumes
in the air. Drivers with such diseases as
epilepsy, heart disease, and diabetes, and exces-
sive users of alcohol are being investigated in
their role of highway hazards.
But not enough research is initiated and fi-

nanced to permit full investigation of the hu-
man behavior of some drivers. The public
health aspects of motor vehicle accidents de-
serve much more attention in highway safety
programs than they have received in the past,
for public health research is capable of solving
many of the riddles of driver behavior. The
same epidemiological techniques used so suc-
cessfully in the study of communicable diseases
are directly applicable to the sociological, emo-
tional, and physical disturbances associated
with accidents. The environmental engineer
can team up with his colleagues in public works
and with medical and social scientists to study
the interaction of the driver, the road, and the
vehicle.

Social Science and Public Health

The social scientist has much to contribute
to the solution of environmental engineering
problems. Some of our best-laid plans fail be-
cause of social blocks that so often impede our
efforts. The new type of social scientist-ade-
quately trained and capable of doing first-class
scientific studies-may be called a cultural an-
thropologist, rural sociologist, social psycholo-
gist, or just research social scientist, but his

training in the better schools is as rigidly dis-
ciplined as that of the biological or engineering
scientists.
There is a place for the social scientist in the

expanding field of public health. We need to
know more about human relations in a chang-
ing world that is faced with an aging popula-
tion, a surplus of chronic diseases, and an
environment complicated by the effects of nu-
clear energy; to accumulate more exact knowl-
edge of the changes occurring in society so that
the best use can be made of our resources to pro-
tect and improve the public's health; and to dis-
cover how to influence human behavior so that
people will more readily take advantage of
health resources.
In this pioneering field, a social scientist on

the staff of the New York State Health Depart-
ment is applying his special knowledge and
skills in such diverse fields of study as motor
vehicle accidents, the problem of community
resistance to fluoridation of water supplies, and
the effects of stress on illnesses and absenteeism
in industry.
The addition of social science technique can

reduce the lag between the discoveries in the bio-
logical and physical sciences and their applica-
tion in medicine and public health. The fruit-
fulness of the union between public health and
social science should become increasingly evi-
dent to public health workers as they success-
fully complete major projects that lighten social
and economic burdens.

Service, Research, and Teaching

Service, research, and teaching are the three
interdependent components that comprise a
modern public health program. The Robert A.
Taft Sanitary Engineering Center has an op-
portunity and a responsibility to combine re-
search and training so that the service that
springs from such a partnership will have the
quality essential for permanent benefits.
The role of government in research has as-

sumed considerable stature within the last dec-
ade. Continued success in this role is dependent
upon the establishment and maintenance of cer-
tain safeguards to insure freedom of action in
both applied and fundamental research. Gov-
ernment research often carries with it strong
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pressures-pressures that may tempt research
workers to balance their programs to the detri-
ment of work that might prove more productive.

Praiseworthy as the intentions behind such
guided governmental support may be, damage
to the quality of research can be done, and the
true intent and purpose of scientific investiga-
tion can be misdirected. The goal of the re-
search scientist is primarily the discovery of
truths in nature, and secondarily the practical
application of the results of his efforts. At-
tempts to dictate areas of research investigation
and too great emphasis on predictable conse-
quences will inevitably have the effect of stulti-
fying creative imagination and reducing the
scientist to the level of a technician.

Large-scale group research, another trend in
modern scientific investigation, can be either
fruitful or futile. Properly utilized, it can
lead to results as significant as atomic fission.
Improperly undertaken, it can lead to an enor-
mous waste of brains and funds. The scientific
members of a community can best decide when
and under what conditions closely coordinated
group research is appropriate and promising of
fruitful issue.
The great scientific discoveries of the past

have occurred in atmospheres of freedom and
were made by men of imagination who had lib-
erty to follow their informed hunches, guided
only by the beckoning shadows cast by the eva-
sive luminosity of truth. This is the everlasting
right of men driven by intellectual curiosity,
and any tendencies that might imperil this right
are threats to the progress of mankind.

Therefore, government can exercise its true
responsibility in research by creating condi-
tions under which the imagination and initia-
tive of scientists are given the widest scope and
by providing adequate support, free of arbitrary
provisions imposed by the exigencies of govern?
mental policies. Acceptance of this principle
will permit a greater ext)enditure of publie
funds for research without endangering th
fundamental right of unfettered inquiry.
Many other problems in environmental sani-

tation await exploration by sanitary engineers
and their associates in the sanitary sciences.
Their precise methods of scientific analysis and
synthesis are ideally suited to strengthen and
refine program planning, execution, and evalua-

tion in the broadening field of public health.
The environmental engineer whose activities ex-
tend into the social and economic as well as the
physical aspects of the community will bring
credit to his profession, enlarge his own hori-
zons, and serve the people to his full capacity.

Tke Biological Sciences

oIn science, there can surely be but
one world. In discussing the contri-
butions of the biological sciences, I
would want it understood that their

interdependence with many other disciplines
is to be assumed. Good fences may make good
neighbors, but they don't make good scientists.

It is through the biosciences in particular that
man has gained a fair understanding of him-
self, what he is, how his body functions, what
his needs are, what constitutes a state of health
in terms of internal processes. Man doubtless
finds himself more interesting than any other
species and has devoted perhaps as much atten-
tion to himself as to all other species combined.
Yet, much more knowledge and understanding
are needed. We must keep in mind that if man
is to control the environment, he must first
control himself.

Dependency on Surroundings

Man's surroundings contain many plant and
animal species, both domesticated and wild,
both gross and microscopic, which influence
him directly or indirectly. Man has come to
appreciate that his very existence depends on
the activities of many other living forms; that
the carbon and nitrogen cycles of nature make
his own life possible; that the remains of dead
plant and animal life would mount to high

By Oram C. Woolpert, M.D., Ph.D., executive
director, the Ohio State University Research Foun-
dation, Columbus, Ohio.
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l>eaven if Nature's forces of dissolution, largely
biological, were not continuously active. Man
1- s learned that he is utterly dependent on
Ather species for food and energy supplies,
being unable directly to convert the sun's energy
to his own uses internally, or to synthesize cer-
tain of the organic compounds of which his
tissues are composed.
Man collectively is an important element of

the environment for man individually. And
although this is the realm of the social disci-
plines, the behavioristic sciences, society is cer-
tainly a collection of individuals; again, it is
man himself who is doing the behaving or
misbehaving, presumably reacting to external
stimuli by way of internal mechanisms.
All sciences are dependent on a biological

creature, man the scientist. Useful information
does not flow through the senses automatically
and in an organized, intelligible form. It is
inevitably conditioned by the media through
which it must pass and the receptors on which
it impinges. Even such an abstract science as
mathematics cannot deny this relationship-
the decimal system presumably had origin in
the fact that man happens to have 10 fingers.
In the Darwinian era, much was said of the

adaptation of life to the environment; the sur-
vival of species as a function of their fitness
in relation to competing species. The grand
concepts of evolution were formulated, and the
foundation for a science of genetics was laid.
More recently, as the environment came to be
understood in precise physicochemical terms,
it was recognized that fitness of the environ-
mnent is equally as essential as the fitness as-
cribed to living forms and emerging during the
course of organic evolution.

Internal and External Environment

The environment, when closely examined, is
indeed found to be marvelously fitted for life on
this planet. This is notable particularly in the
p)roperties of water and carbonic acid. Among
all known possible compounds, these appear to
be almost uniquely suitable, not only as prime
constituents of the physical world, but in main-
taining that world in a state compatible with
life. They serve a similarly important role for
the "internal environment," the fluid medium

in which man's body tissues develop and func-
tion.
While the external environment must hold to

a narrow range of conditions if life is to con-
tinue, even more rigorous standards are re-
quired for the internal menstruum. Constancy
of temperature, pressure, acidity, osmotic ten-
sion, and of many other properties is critically
important to health and to mere survival. And
while attention today is focused on the external
world, it is abundantly clear that maintenance
of the vital and more intimate environment
within requires a continuous interchange with
the outer world. Health is a matter of delicate
equilibrium between the body tissues and fluids
and the external surroundings. Man can get
along without food-grossly ingested-for sev-
eral months, because of internal stores. He can
live without imbibing water for a few days.
But he carries almost no stockpile of oxygen.
Without it, he will die within a few minutes.
Unconsciousness can be produced in a few sec-
onds if the flow of blood to the brain is inter-
rupted. But little can be done to alter the
essential physical properties of the environ-
ment to which living tissues are so nicely
adapted.
With the flowering of the biological and med-

ical sciences beginning in the latter part of the
19th century, man acquired more understand-
ing of infectious diseases than all the preceding
centuries had afforded. Superstition and
witchcraft waned; the gods and the constella-
tions were exculpated; and empiricism in medi-
cine-the classification and treatment of dis-
eases on the basis of symptoms-was supplanted
by sound methods based on knowledge of cause
and mechanism. A rational approach to pre-
vention of disease became possible as facts be-
gan to accumulate concerning reservoirs of dis-
ease agents, carriers and vectors, portals of entry
and egress, and the properties of the agents
themselves.

Endless Environmental Problems

Ironically, man's successes have brought him
new problems. The technological complexi-
ties of the machine age place him in dire jeop-
ardy if any vital element falters even momen-
tarily. When disaster strikes locally in the
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form of eartlhquake, hiurricanie, or flood, there is
immediately grave concern about food, water,
medical supplies, and shelter.
Although the mechanism of most infectious

diseases is now known, the greater mobility and
density of population make control more diffi-
cult and more costly. Agents of disease can
now be borne not only on the wings of mos-
quitoes and tsetseflies, but also on the wings of
swiftly speeding aircraft. Within a matter of
hours, exotic diseases can be transported from
remote places and introduced into dense aggre-
gations of susceptible people.
The tremendous reduction in infant mortality

has brought a much larger proportion of the
population through to the older age groups,
presenting problems of health and adjustment
about which we are not well informed. The
machine age has introduced new occupational
hazards and diseases. More decibels of noise
and more quanta of hurry and confusion con-
front us all. The autoinobile has displaced the
horse on city streets, thus eliminating the prin-
cipal source of tetanus spores, but leaving a no
less noxious trail of carbon monoxide.

Keeping Pace With Technology

To meet the growing demand for food from
a finite acreage of arable land, agriculture has
resorted to the wholesale use of insecticides and
thus has raised some serious problems of tox-
icity for man. Could it be that the worm we
fail to find in the apple has been repelled by
pesticides which we also should shun? More
information is needed about the effects of some
of the insecticides, especially compounds which
can accumulate in soil ind in plant and animal
tissue. Meantime, ne-w insect pests are appear-
ing, and resistant strains of well-known species
are developing selectively, so that new in-
secticides and new formulas must be sought
continually.

Industrial wastes in ever greater amount and
variety pollute surface waters. More informa-
tion is needed about the biological effects of
many of these compounds and how to reduce or
remove them. The disposal of sanitary wastes
too is becoming increasingly difficult and costly
as demands for water continue to mount and
the supplies of this precious resource, once

thought of as boundless, shrink before our very
eyes. Here knowledge, biologically at least,
seems reasonably adequate, but disposal facili-
ties scarcely keep up with the increasing load.
The industries which are largely responsible

for contamination of the atmosphere will be
concerned with improvement of equipment and
processes to minimize it, but it is the biologists
who will continue to wrestle with the problen
of effects on plant, animal, and human life.
Much more knowledge is needed about the re-
sults of repeated minimal exposures and the
effects on different age groups and on those
already suffering from respiratory or cardiac
disease. It has been suggested recently that
the high incidence of lung cancer in urban areas
might be related in some degree to these irri-
tants. Only long-term studies in the laboratory
and the field can give valid answers to problems
of this kind.
Some thought now must be given to radioac-

tive elements in the atmosphere and in surface
waters as the result of accidental or incidental
contamination. Physicists and engineers will
put them there, but biologists will be called on
to interpret and minimize the effects on living
tissue. More information is needed about the
long-term effects of ionizing radiation. It is
known that the rate of genetic mutations can be
increased by radiation. Cumulative effects in
large populations might be very significant.
In this era of cold war or tepid peace, there is

ever present the possibility of hot war. If an-
other world war were to break out, it must be
assumed that hostile forces might seek to ex-
ploit knowledge of the agencies of disease in
order to make our environment as unhealthful
as possible. The very sciences which helped
man master many of the transmissible diseases
of men, animals, and plants might thus be
turned against him openly or covertly, adding
immeasurably to the burden of our health serv-
ices and possibly setting us back many years in
our progress toward a more healthful world.
This negative or destructive role in which sci-
ence is sometimes found is deporable, but it
cannot honestly or prudently be overlooked.
The problem of man and his environment thus

is a never ending one, requiring that he be eter-
nally vigilant and progressively adaptable.
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The Physical Sciences
By control of the environment for
the health of man, in its broadest

sense, is meant the control of every
aspect of the universe surrounding a

ian which might conceivably affect his internal
well-being. A very great number of physical,
clhemical, biological, personal, and spiritual ele-
ments of an individual's environment can af-
fect his health.
The role of the physical sciences in the con-

trol of man's environment is too broad a prob-
lem to be dealt with adequately. Rather than
catalog the examples of the ways in which the
physical sciences have contributed to the mate-
rial well-being of man, it would be more con-
structive to pick out some single example, such
as certain aspects of the conscious control of
tuberculosis, and to trace how the physical sci-
ences have contributed to this control. The
main method of prevention is one of limiting
the individual's contacts with the tubercle ba-
cillus, or, one of controlling man's biological
environment. I have chosen this example be-
cause of the clarity with which the contribution
of the physical sciences to public health can be
seen.
A large variety of factors have contributed to

the decline in the death rate from tuberculosis,
but the Framingham, Mass., experiment demon-
strated that the application of specific control
measures can reduce the rate still further.
When it was found that careful examination by
X-rays of presumably well people is required
to find tuberculosis cases in early stages, it be-
came a known fact that the mass chest X-ray
survey is a powerful method for controlling
man's environment.
In many concentrated population areas to-

day, mass chest photoradiography surveys have
been conducted and are being conducted. It is
practically possible to do this only because of
the availability of methods for recording chest

By Max A. Lauffer, Ph.D., head, department of bio-
physics, University of Pittsburgh.

radiograms on small-sized photographic film.
I want to examine here those fundamental find-
ings in the physical sciences which make pos-
sible this particular control of man's environ-
ment. All of the important physical principles
which make mass photoradiography possible to-
day were known before the end of the 19th
century.
The photoradiograms used in mass surveys

are made by photographing on a small film a
fluoroscope pattern of the examined area of the
body. These small film images are then used
as a screening device. Experience has shown
that approximately 6 percent of supposedly
healthy individuals show on the small photo-
radiograms shadows which require investiga-
tion by direct roentgenography, using the large-
sized film. Approximately 2 percent of the
population examined show ultimate evidence of
tuberculous lesions.
When we analyze the apparatus used in ob-

taining a small film photoradiograph, we find
that there are three elements involved. One is
an X-ray generator, another is a fluorescent
screen, and the third is a photographic camera.
Thus, our ability to conduct such a survey is
grounded on our knowledge of X-rays, of fluo-
rescence, and of photography.

The History of the X-Ray

X-rays were discovered by Wilhelm Konrad
Roentgen, who held professorships of physics
in three German universities, Giessen, Wiirz-
burg, and Munich. Late Friday evening, afterl
all of the research assistants had gone home,
Roentgen remained in his laboratory at Wurz-
burg. This was November 8, 1895. He was
studying the properties of the cathode rays ob-
tained when an electric current is discharged
through a gas at reduced pressure. He had
completely enclosed the discharge tube in an
opaque covering, and yet he observed that, when
the current was discharged through the tube,
some fluorescent material nearby emitted a faint
glow. Roentgen realized the implications of
this observation. He must have worked furi-
ously the next few weeks, because his findings
were announced in the December 1895 issue of
the Sitzung8berichte der Wiirzburger Physi-
kalilchen-Medidni8chen Gesellwchaft, and this
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was followed in March 1896 by a second com-
munication giving further details. The fol-
lowing are quoted directly from a translation
of Roentgen's own announcement:
"If the discharge of a fairly large induction

coil be made to pass through a Hittorf vacuum
tube or through a Lenard tube, a Crookes tube
or other similar apparatus, which has been suffi-
ciently exhausted, the tube being covered with
thin, black cardboard which fits it with toler-
able closeness, and if the whole apparatus be
placed in a completely darkened room, there
is observed at each discharge a bright illumina-
tion of a paper screen covered with barium
platino-cyanide, placed in the vicinity of the
induction coil, the fluorescence thus produced
being entirely independent of the fact whether
the coated or the plain surface is turned toward
the discharge tube. This fluorescence is vis-
ible even wlhen the paper screen is at a distance
of two meters from the apparatus. . . . We
soon discover that all bodies are transparent
to this agent, though in very different de-
grees. . . A single sheet of tin foil is ...

scarcely perceptible; it is only after several
layers have been placed over one another that
their slhadow is distinctly seen on the
screen. . . . If the hand be held between the
dischlarge tube and the screen, the darker shad-
ow of the bones is seen within the slight dark
shadow-image of the hand itself. . . . Lead
of a thickness of 1.5 mm. is practically opaque;
and oni account of this property this metal is
frequently most useful. . . . Of special signifi-
cance in many respects is the fact that photo-
graphic dry plates are sensitive to the X-rays."

Description of the New Rays

It is amazing how much is contained in this
first report. First of all, it is obvious that in
the discovery of X-rays, Roentgen made use of
the previous studies of Hittorf, Crookes, and
Lenard or the discharge of an electric current
through rarified gases, and he also made use of
the phenomenon of fluorescence previously in-
vestigated by Stokes. He reported the effect on
a photographic plate of X-rays, and he de-
scribes the first roentgen-ray shadowgram,
namely that of the bones in the human hand.
In spite of this, his announcement contains no

comment upon the possible medical implications
of this use of X-rays.
Roentgen was apparently more interested mll

elucidating the properties of these newly dis-
covered rays. I illustrate this by some more
quotations from his first two publications:
"X-rays cannot be concentrated by lenses;

neither a large lens of hard rubber nor a glass
lens having any influence upon them. . . . it
is well known that Lenard came to the conclu-
sion from the results of his beautiful experi-
ments on the transmission of the cathode rays
of Hittorf through a thin sheet of aluminum,
that these rays are a phenomenon of the ether
and that they diffuse themselves through all
bodies. We can say the same of our rays. . .

Other substances behave in general like air;
they are more transparent to X-rays than to
cathode rays. . . . A further difference, and a
most important one, between the behavior of
cathode rays and X-rays lies in the fact that I
have not succeeded, in spite of many attempts,
in obtaining a deflection of the X-rays by a
magnet, even in very intense fields. The possi-
bility of deflection by a magnet has, up to the
present time, served as a characteristic property
of the cathode ray. . . . I, therefore, reached
the conclusion that the X-rays are not identical
with the cathode rays, but that they are pro-
duced by the cathode rays at the glass wall of
the discharge apparatus. This production
does not take place in glass alone but as I have
been able to observe in apparatus closed by a
plate of aluminum 2 mm. thick, in this metal
also."

Discovery Probably Accidental

From a reading of Roentgen's original an-
nouncement, it seems probable that the discov-
ery of X-rays was purely accidental; that lie
was simply trying to investigate further some
properties of cathode rays studied earlier by
Crookes, Hittorf, and Lenard.
Indeed, this conclusion is attested to by one

of his students. Once he discovered these rays,
his first concern was obviously to understand
their nature. While he himself made the first
practical application of his rays, he described
this in one sentence. It is also interesting to
observe that all of the scientific principles in-

Public Health Reports64A2



volved in present day small film photoradiog-
raphy were known to Roentgen himself at the
time of his first publication. He knew how to
produce X-rays; he knew that shadows could
be produced by human tissues of varying densi-
ties; and he knew that these shadows could be
observed either on a fluorescent screen or by
direct action on a photographic plate. There
is no evidence that Roentgen profited directly
in any way as a result of the enormous use to
which X-rays were put, almost immediately.
He apparently took out no patents and entered
into no commission agreements with apparatus
manufacturers. He did, of course, receive the
first Nobel Prize in physics.

Other Great Contributors

It was Roentgen's interest in the fascinating
phenomena accompanying the passage of an
electric current through a gas under reduced
pressures which led him to the accidental dis-
covery of X-rays. These prior phenomena were
described lucidly by Johann Wilhelm Hittorf,
professor of physics and chemistry at Miinster
in Annalen der Physik und Chemie in 1869.
Another person who had studied this same in-
triguing physical problem was Sir William
Crookes, the British physicist. In 1879, he
published his Bakerian lecture entitled, "On
the Illumination of Lines of Electrical Pressure
and the Trajectory of Molecules" in the Phil-
osophical Transactions and described his own
researches in this field. Another investigator
whose work was known to Roentgen was Phil-
ipp Lenard. His researches in this field led him,
in 1900, to a correct interpretation of the photo-
electric current.
Roentgen needed to know more than the ex-

periments of Hittorf, Crookes, and Lenard on
the passage of electric currents through gases.
He needed to understand the induction coil
and, of course, he made use of a fluorescent
screen in his initial observation. Michael Fara-
day, the director of the Royal Institution, was
the man who investigated induced currents and
invented the induction coil. He described his
work on electromagnetic induction in a paper
published in Philosophical Transaction in
1832. But, of course, Faraday's studies were
carried out with full knowledge of the work of

those great contributors to the physics of elec-
tricity who had preceded him. Among them
were Ohm, Ampere, Oersted, Volta, Galvani,
Coulomb, and Franklin.

The Use of Fluorescence

Roentgen used fluorescence in his discovery
of X-rays, and this same phenomenon is in-
volved in microfilm procedures for mass X-ray
surveys. Fluorescence was first described in
detail by Sir George Gabriel Stokes of Cam-
bridge University. His studies were published
in the Proceedinqgs of the Royal Society in 1852.
The following are quotations:
"The author was lead into the researches de-

tailed in this paper by considering a very sin-
gular phenomenon which Sir John Herschel
had discovered in the case of a weak solution
of sulfate of quinine, and various other salts
of the same alkaloid. This fluid appears color-
less and transparent, like water, when viewed
by transmitted light, but exhibits in certain
aspects a peculiar blue color. Sir John Herschel
found that when the fluid was illuminated by a
beam of ordinary daylight, blue light was pro-
duced only throughout a very thin stratum of
fluid adjacent to the surface by which the light
entered. . . . Several years before Sir David
Brewster had discovered in the case of an alco-
holic solution of the green coloring matter of
leaves a very remarkable phenomenon, which
he has designated as internal dispersion....
After having repeated some of the experiments
of Sir David Brewster and Sir John Herschel,
the author could not fail to take a most lively
interest in the phenomenon."
Thus, it is shown in his introduction that

Stokes was merely following up some interest-
ing observations made by predecessors. Stokes
went on to show that not only many solutions
of naturally occurring compounds but also dried
paper, previously soaked in these solutions, ex-
hibited the phenomenon of fluorescence. He
investigated rather thorouglhly exactly what
took place. The following quotations sunmma-
rize some of his findings:
"There is one law relating to the change in

refrangibility which appears to be quite uni-
versal, namely, that the refrangibility of light
is always lowered by internal dispersion. The
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inicident rays being homogeneous, the dispersed
light is found to be more or less composite.
Its color depends simply on its refrangibility,
having no relation to the color of the incident
light, or to the circumstance that the incident
rays were visible or invisible. The dispersed
light appears to emanate in all directions, as
if the solid or fluid were self-luminous while
unider the influence of the incident rays....
The appearance which the rays from an electric
spark produce in a solution of sulfate of quinine
shows that the spark is very rich in invisible
rays of excessively high refrangibility, such
as would plainly put them far beyond the limits
of the maps which have hitherto been made
of the fixed lines in the chemical part of the
solar spectrum."

Stokes, of course, made use of his knowledge
of the relationship between color of light and
its refrangibility, or in more modern terms,
its index of refraction. This was first pointed
out clearly by Sir Isaac Newton in a paper
entitled, "Theory about Lights and Colors,"
published in Philosophical Transactions in 1672.

The Photographic Camera

The third and final element of the photo-
radiograph is, of course, the camera:. To have
a camera one really needs to know only two
things, namely how to produce an image with
a lens and how to record that image on a photo-
graphic emulsion. Knowledge of lenses and
image formation actually antedate what we
might consider the scientific era. The Arabian,
Alhazen, described the lens system of the human
eye about 1000 A. D., and Ptolemy of Alexan-
dria, who lived between 70 and 147 A. D., wrote
about the diffraction of light by lenses.
Recording images on photographic emulsions

depends on more recent discoveries. In 1727, a
German physician, Schultze, made the observa-
tion that a suspension of chalk in silver nitrate
solution turned dark when exposed to sunlight.
At a later date, Karl Wilhelm Scheele, the noted
Swedish chemist, found that paper coated with
a layer of silver chloride would be darkened
by exposing it to sunlight. Credit for the first
use of this blackening reaction for recording
images is usually given to Thomas Wedgwood,
the son of the famous potter, Josiah Wedg-

wood. Wedgwood knew the experiments of
Schultze and of Scheele and of others who ha(,
preceded him in this study. By 1802, he hadi.
succeeded in making prints on paper coated witlh
silver chloride from paintings on glass. This
required extremely long exposure. He also
tried to make photographs using the camera
obscura, but failed because he could not get
enough light to form an image. He published
his findings jointly with Sir Humphry Davy,
the English chemist, in 1802. The title of their
paper was "An Account of a Method of Copy-
ing Paintings on Glass, and Making Profiles, by
the Agency of Light upon Nitrate of Silver.'
One of the difficulties with these images was that
they were not fixed; that is, on exposure to addi-
tional light the undarkened portions also dark-
ened. Sir John Herschel pointed out in 1839
that sodium thiosulfate, or hypo, which he had
discovered, could dissolve the unaltered silver
salts and leave only the blackened portion. As
we know, to this day hypo is used as a fixing
agent in photography.
The next big step in the history of photog-

raphy was the discovery of what we now call
development. In 1840, Talbot, an Englishman,
discovered that silver iodide in the presence of
gallic acid and silver nitrate was far more sensi-
tive to light than silver chloride. He found
that it was not necessary to expose the paper
until the image is formed, but that he could
develop the image by applying gallic acid and
silver nitrate to the paper after only a very
brief exposure. Gallic acid is, of course, a re-
ducing agent, and the photographic developers
which we know today are reducers. The only
thing remaining was to discover how to produce
the present day type of dry gelatin emulsioni
for coating photographic films and plates. This
development came gradually. By 1877, Wrat-
ten and Wainwright advertised dry photo-
graphic plates with gelatin emulsions.

The Byproducts of Research

Several things are fairly clear from this his-
torical survey. The first is that the scientific
knowledge necessary for mass photoradiog-
raphy was available at the time that Roentgen
discovered X-rays, before the beginning of the
present century. Yet, it took 30 years before
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tlhis method was developed to the point that it
trained any acceptance at all, and even today,
,i,ore than half a century later, mass photo-
radiography is still something of a novelty.
Another observation one can make from this

hiistorical survey is that not a single one of the
essential basic scientific discoveries was made
as the result of a deliberate attempt to find a
inethod for the control of tuberculosis or of any
other disease. Most of them were made by pro-
fessors apparently trying to understand some-
thiing else. Surely, if Roentgen had had a con-
tract from some agency of the government to
find a method for the control of tuberculosis, he
would never have dreamed of fooling around
with a Crookes tube. He wouldn't have done
this even if he had been looking for some radia-
tion more penetrating than ordinary light, be-
cause it is a fact, known even at that time, that
the cathode rays obtained in the Crookes tube
have very low penetrating powers. Had Stokes
been working on a contract to find a metlhod
of controlling tuberculosis, he couldn't possibly
have justified wasting his time trying to under-
stand the cause of the queer blue color seen at
the surface of a quinine sulfate solution when
exposed to daylight. What possible connection
could have been seen by a review panel between
this obscure laboratory curiosity and the con-
trol of man's environment? Yet, as we have
already seen, Stokes' pioneering studies on
fluorescence were necessary for Roentgen's dis-
covery. The same can be said of most of the
other workers whose contributions, we know
today, were absolutely essential for this control
measure. Had these individuals been under
contracts to find a means of detecting tubercu-
losis, they would undoubtedly have lost their
contracts in short order.

The Lag Before Practical Application

Obviously, the important thing for us to
worry about is not how the physical sciences
have been used in the past to help with the
problem of control of man's environment, but
rather how can they be used most wisely in
the future. Our study of the past is valuable
only insofar as it gives us insight into this more
Iressing problem.
One of the things we learned in our considera-

tion of the past was the extremely long lag
between discovery of the physical principles
underlying mass photoradiography and the
actual use of the method. A good many people
died of tuberculosis unnecessarily in the half
century between the discovery of these prin-
ciples and the present time. To know how to
speed up application, one would have to know
something about the reasons why the present
methods were not accepted earlier by the
medical profession. I would venture to guess
that one reason is that the method is com-
plicated. It involves the simultaneous applica-
tion of three physical phenomena, namely
roentgen-ray generation, fluorescence, and pho-
tography. In order for one to make full use of a
scientific principle, it is absolutely essential
that he appreciate its limitations; otherwise, he
will expect the impossible and be discouraged by
the actual results. To appreciate fully the
limitations of photoradiography, an individual
needs to know a great deal about both physical
science and human biology. For the future,
I would seriously recommend more thorough
training in mathematics, physics, and chem-
istry as an entrance requirement to schools of
medicine.
However, merely speeding up the develop-

ment of methods based on scientific discoveries
to the stage where their use is accepted by the
medical profession is not sufficient to insure
the best possible utilization of the physical
sciences for the future control of man's envi-
ronment. It is necessary also to discover new
basic scientific principles which can be put to
use in the future.

Support of Project Research

I think it safe to say that most people look to
the universities as the source of new discoveries
in basic science. The public probably feels
fairly secure when it reflects upon the rather
considerable financial support being given to
scientific studies in universities today. Since
1940, we have witnessed a tremendous increase
of academic research sponsored by the Federal
Government and by various special foundations
dedicated to the solution of specific problems.
In addition to this, some of the great charitable
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trusts have also been supporting academic re-
search.

Recently, I had occasion to review some data
provided by the Commission on Financing,
Higher Education and by the Biennial Survey
of Education for 1948-50. By combining a few
not quite comparable statistics, I was able to
obtain the following approximate picture of the
situation at the end of the last decade. Out of
an annual academic budget for the whole
country of $1.5 billion, 44 percent was spent for
instruction, and 15 percent for organized re-
search. The 15 percent can be broken downi
as follows: 9 percent sponsored by defense
agencies of the Government, ly2 percent spon-
sored by agricultural and medical agencies of
the Government, and 41/2 percent sponsored by
all others, including charitable trusts, special
foundations, industry, and universities them-
selves.

It seems likely that most of the persons re-
sponsible for the distribution of research funds
consider that grants to universities represent
the support of basic research. I would like to
.examine the question whether this is really so.
Most grants to universities are made on a proj-
ect basis. A university obtains a particular
sum of money to investigate a particular ques-
tion in a particular budget period. There are,
of course, a few exceptions, but in general this
is true.
Now, what are the effects of the establish-

ment of projects of this sort? Well, obviously,
they permit the university to carry out investi-
gations in areas which it couldn't afford to
study otherwise. For example, almost no uni-
versity could build or even operate a cyclotron
withouit substantial outside support. Another
effect of project research is that it determines
what intellectual areas in the natural sciences
are going to be developed. Under the present
system, these decisions are made outside the
university by the committees who allocate the
funds.

Project Management-A Pattern

However, there is a much more serious con-
sequence of the project system. This system
tends to preclude discovery of any really re-
markable principle in basic science. The whole

business of managing a project requires the
recipient to follow a certain pattern. As soon
as a professor begins work on a project, he
usually has to hire highly trained assistants.
It then becomes his obligation to guarantee
them a certain element of job stability. This
means that the professor must make it his
first concern to see to it that the chances of
renewal are as good as possible. He knows
that he will be judged on the basis of whether
or not the project has turned up any concrete
findings. I hasten to add that most sponsors
today are decent enough not to require patent-
able findings. Now, anybody with a grain of
sense knows that the problem of obtaining clean-
cut results obeys a sort of inverse square law.
The closer you stick to what is already known,
the more likely it is that you will obtain specific
clean-cut significant results. But this process
makes it less likely that anything truly extraor-
dinary will be uncovered.

It is evident from the foregoing that I do
not think that the present system of supporting
research in the universities is the best way to
encourage the development of the basic sciences,
either biological or physifcal. Since I believe
that continuing progress in fundamental science
is an absolutely essential first step in the effec-
tive utilization of such science for the control
of man's environment, it follows, then, that I do
not believe that our universities are being uti-
lized effectively today in relation to that
problem.
Probably most of us agree that our univer-

sity resources ought to be exploited to the fullest
extent possible for the solution of man's press-
ing practical problems. The question is: What
is the best way to do this? Concerning this ques-
tion, I find that I have some very definite views.
I believe that the university can make its best
contribution to the solution of the problems of
our age by concentrating on education. In fact,
I believe that education is the only real busi-
ness of the university. By education, I mean
that which leads the student to a realization
of the problems of mankind and to a recognition
of his own responsibility with respect to them,
and that which induces him to develop the in-
tellectual tools to cope with them. By edu-
cation, I mean, further, a process which
involves, at the highest level, cooperation be-
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tween the student and the teacher in the creation
of new knowledge and in the gaining of new
tnderstanding.
I would judge every activity carried on by a

luniversity on the basis of the extent to which
it contributes to the process of education. In
the field of science, I would judge a specific
sponsored research project on the basis of
whether its pursuit provides a good way to edu-
cate students and whether it is apt to lead to
any significant advancement in the understand-
ing of nature. I would judge the present-day
policy of supporting academic research through
the medium of projects on the basis of whether
this is a good way to further the educational
function of our universities.
I believe that a university neither can nor

should attempt to solve within its own walls
very many of man's practical problems. This
isn't because I am not anxious to see these prob-
lems solved: it is only because I believe firmly
that pursuing such an aim will prevent a uni-
versity from realizing its true function. Our
job is to provide people with the means to solve
these problems; this task alone is overwhelm-
ing.

Scientist-Based Research

I feel, further, that it should be the duty and
the privilege of university faculties solely to
determine what intellectual areas are essential
for the education of its students. I certainly
recognize that this places an enormous responsi-
bility upon the faculty, and I am fully aware
of the inadequacies in the human beings like
myself who make up faculties. Nevertheless, I
don't think the human beings in the government
or anywhere else are any more adequate. This
being the case, then, I must oppose any attempt,
conscious or unconscious, to direct or shape the
intellectual activities of the universities from
the outside. This does not mean that universi-
ties must not be influenced from the outside. It
does mean that professors themselves have an
Olbligation of being fully aware of what goes on
in the world, that is, of what man's problems
are. It means further that the faculties must
be completely free to choose the kinds of intel-
lectual exercises used to prepare students to face
tllese problems.

Please be assured that I am not really advo-
cating irresponsible discontinuation of the pres-
ent support of science in our universities by the
Federal Government and by other agencies.
What I am advocating is an honest attempt to
find ways of giving this support which will re-
sult in the greatest possible advancement of
science and, therefore, in the greatest potential
good for mankind. Truly fundamental scien-
tific discoveries cannot be planned. They can
be made only as the result of the alertness of a
highly competent and highly imaginative scien-
tist as he observes the day-to-day progress of
his own research. I would advocate a research
supporting policy which is based, not upon
projects, but upon men. Assume that a certain
scientist working in a certain university has
demonstrated on the basis of previous perform-
ance that he is capable of making significant
contributions to basic science. On this basis
alone, he should receive research support for an
extended period of years with no limitations
beyond those normally binding a university
professor to his academic duties. There should
be no research reports and no visiting commit-
tees. The man should be judged only after a
long period of time, and then solely upon the
basis of the effectiveness of his research pub-
lished in regular scientific journals. Effective-
ness, I remind you, depends on quality and
quantity. If this effectiveness is high, then his
support should be continued even beyond the
original long-term period. And, if it isn't
high, then, of course, support should be ter-
minated.
There are many examples which prove that

this is a good way to get research done. While
it isn't concerned primarily with physical sci-
ences, the Rockefeller Institute for Medical Re-
search has always operated on this system.
This institution has had an enormous effect on
the development of basic biological and medical
science in this country. Most of the great phys-
ical and chemical laboratories in Europe and
in Britain in the 19th and early part of the
20th century were operated on this same prin-
ciple, and the enormous development of the
physical sciences in these institutions demon-
strates clearly the effectiveness of this way of
managing research.

I make an urgent plea that we give serious
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thought to this problem, the problem of insur-
ing the future availability of basic science, both
physical and biological, for use in the control of
the environment for the health of men.

The Role of the New Center
In Scientific Research

The discussions which have been
presented at this symposium illus-
trate the breadth of scientific talent
and the nature of the working en-

vironment that are required for successful
research in sanitary engineering. The discus-
sions have served to point out clearly that there
will be no simple formula which can insure suc-
cess in this field. As we face the complex
problems of our environment today, emerging
with all their complexities, the prospects for
sanitary engineering might be considered as
either encouraging or discouraging: discourag-
ing because of the extremely rapid development
of problems in so many diverse aspects of en-
vironment, many of which will have to be ap-
proached without much guiding precedent;
encouraging for these very same reasons. It is
pioneering that offers a fascinating challenge.

Particularly those of us who will have some
part in administering the affairs of the Robert
A. Taft Sanitary Engineering Center are grate-
ful for the insight into the technical aspects of
its operation, which our speakers have given.
My remarks are concerned with those far less
precise but perhaps more perplexing problems
of administration-problems not amenable to
slide rule computation.
Two basic philosophies will become apparent

as we move ahead. Much has been said about

By Mark D. Hollis, C.E., Assistant Surgeon General
and chief engineer officer of the Public Health
Service.

these directly-much more has been implied:
first, that an institution of this type cannot at--
tract and retain and promote scientific compe-
tency if it be geared to an assembly-line pro-
duction schedule; and second, that the authori-
zation that established this center and the publie
moneys that will support it do not provide foe
the maintenance of a scientific environment
solely for the purpose of stimulating oriainal
scientific knowledge.
At the risk of a challenge, these two philos-

ophies need not be incompatible. The problemn
is to maintain a resultant which represents the
proper mean between these two extremes.
Brought out abundantly clear have been the

broad and interrelated problems involving the
equilibrium between man and his environment.
Certainly this center in itself cannot hope to
encompass all of these problems. Througl
close collaboration with the universities and
other research resources of the Nation, how-
ever, we may jointly stimulate the guiding re-
search so urgently needed to cope with them.
We look forward to serving our research
colleaguies in the States, the universities, and
industry in whatever manner will best serve
the public interest. The primary energies of
the center will be directed toward those prob-
lems national or regional in character and
generally beyond the resources of individual
State institutions and industries.

In developing the pattern of operation for the
center, two questions emerge:
How best to develop the atmosphere required

to attract and retain the kinds of people neces-
sary to accomplish the center's mission?
How best to develop and maintain coordina-

tion between the applied activities of the center
and the more basic research carried out by the
universities?
The intelligence with which we are able to man-
age these two problems in a large measure will
determine the success of the enterprise.
We in the Public Health Service accept the

responsibility for managing this center to meet
the challenges described by the previous
speakers. We hope we have the potential to
develop its capacity to full advantage of the
opportunities it provides.
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