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LETTER OF TRANSMITTAL

Honorable Luraer TERrRY
SURGEON GENERAL
T.S. Pusric HeavTH SERVICE

Dzear Dr. TErrY :

The Committee on Environmental Health Problems, established by
you during August 1, 1961, was asked to develop long-range objectives
for the environmental health program of the Public Health Service.
To be given specinl attention were the problems of manpower, intra-

mural vs. extramural research, and relationships with other Federal
agencies, :

The Committee completed its review in time to submit a report by the
requested date, November 1, 1961. Herewith is the report. A sum-
mary of the conclusions and recommendations developed by the Com-
mittee is presented at the start of the report.

The Committee found the charge to be challenging and worthy of the
most serious consideration. They will be pleased if their report
communicates effectively their feeling for the magnitude and impor-
tance of the problems encountered in environmental health, and
equally for the magnitude and importance of the steps which the
Committee feels are involved in meeting these problems.

The Committee expressed its appreciation for the freedom of action
given to it, for the willing and effective cooperation shown by the
Public Health Service and its Bureau of State Services (Environ-
mental Health), and for the services of the staff “resource represent-
atives” selected from the personnel of the Bureau.

Respectfully submitted.

Pavr M, Gross, Chairman
November 1, 1961
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ForEwWORD

A Committee on Environmental Health Problems was set up by the
Surgeon General, U.S. Public Health Service, during August 1961
and met for the first time on August 23, 1961, in Washington. The
charge to the Committee was based upon background developed within
the Service and within other parts of the (fovernment,* and was in
summary as follows:

The Committee is to develop long-range objectives for the environmental
health program of the Public Health Service, including consideration of re-

search and of the operating surveillance and control programs, giving special
consideration to—

(1) Manpower requirements.
(i1) The roles of intramural and extramural research efforts.
(iii) The relationships of the current and any proposed Public Health
Service programs and facilities to those of other Federal agencies,
The Committee 1s to deliver its final report by November 1, 1961.

A fter discussing its terms of reference at its first meeting, the Com-
mittee, acutely aware of the limited time for completing a large task,
organized itself into a series of working Subcommittees. One group
of Subcommittees was asked to study the current and projected pro-
grams of the Bureau of State Services (Environmental Health) and
to provide an appraisal of the extent to which these programs are
commensurate with the national need, and, should they appear inade-
quate, to make appropriate recommendations,

From its own prior understanding of the problems of environmental
health, the Committee furthermore appointed a group of Subcommit-
tees especially charged with a study of certain broader aspects of
environmenta] health, not specifically identified with existing pro-
grams, as these related to the broad mission of the Public Health
Service as a whole with respect to environmental] health.

These Subcommittees were given wide latitude to engage the services
of supplementary consultants with specialized competence in the
relevant areas?® The reports of these Subcommittees appear as part
of this volume.

18ee Appendix for the minutes of a meeting of the President’s Belence Advisory Com-
mittee ad hoe Pavel on Fnvironmental Health, May 18, 1861, and for a letter to the Bec-
retary of Health, Bducation, and Welfare from the Deputy Direetor of the Budget, July
5, 1961,

1 A 1feting of membership of Subcommittees and names of consultants appears in the
Appendix.



VI FOREWORD

The full Committee met on five occasions. It early determined that
it could best fulfill its task by providing an analysis-review of the
ongoing programs, an appraisal of the national needs in environmental
health, an evaluation of the role of the Public Health Service in meet-
ing these needs and of mechanisms by which these needs might be
met, and a projection of broad but firm guidelines within which the
future program of the Public Health Service might be developed.
The Subcommittee reports were extremely useful to the full Committee
as background against which this broad evaluation and projection were
developed, but the Committee did not discuss all of the many and de-
tailed proposals of the Subcommittees for purposes of their endorse-
ment, modification, or rejection. Thus, the Subcommittee reports are
presented as originally submitted to the Committee.

Included in the membership of the Committee * were persons who
were also members of the standing advisory committees for each Divi-
sion of the Bureau of Environmental Health. The Public Health
Service itself provided much source information; furthermore, the
staff of the Bureau, Division chiefs, and certain persons designated
as resource representatives attended the meetings (other than execu-
tive sessions) of the Committee and Subcommittees.

8 Designated on Committes membership list in the Appendix,



CONTENTS

LETTER OF T RANSMITTAL - o o o o o e e e e e e o=

B OREWORD o o o e e e e e e e e e

Tee Comvirrer’s Review or ENVIRONMENTAL HEALTH
PROBLEMS o

General Background: The Effort Needed in Environ-
mental Health _ e
Resources Required for the Needed Effort in Environ-
mental Health. . . .. e
Problems in Environmental Health—Some Examples_._ .

REPORTS OF SUBCOMMITTEES. .« e e e e e e em e m

Manpower Resources and Training _ _ . _.cnooocncacnena-
Applied Mathematics and Statisties_ _ . . ccverecaaa-
Pharmacology, Toxicology, Physiology, and Biochemistry.
Analytical Methods and Instrumentation_.__.._..___.__.
Air Pollution _ . -
Environmental Engineering_.. .. ... ...
Milk and Food . __ .. . ..
Occupational Health.__ . ______ . __.
Radiological Health_ _ _ _ oo
Water Supply and Pollution Control . __._ . _________.

APPENDIX ceceee e e e e e e e e e

A, CommMitbee o e oo
B. Subcommittees . - e cem————————
C. Consultants to Subcommittees. .. . .cecevcacueeac..
D. PHS Organization for Environmental Health___._.__
E. Minutes, Ad Hoc Panel on Environmental Health....
F. Bureau of the Budget, Letter to the Secretary, HEW .

Page
11X

13
17

37

39
45
49
69
65
97
133
165
206
215

263

265
267
269
270
271
275

279



Report of the Commiitee on
ENVIRONMENTAL HEALTH PROBLEMS

CONCLUSIONS AND RECOMMENDATIONS

The Committee has reviewed the problems which face this nation in
the field of environmental health, particularly as they relate to the
mission of the Public Health Service. The Service has established
programs dealing with certain aspects of environmental health. How-
ever, the growth of our technology and the urbanization of American
society have proceeded at a pace with which the Service’s current pro-
grams are not prepared to cope. From its total evaluation of the
problem, the Committee concludes—

That a national need exists for establishment and maintenance of &
vigorous and integrated effort to maintain controls over the human

environment compatible with projections of change in both population
and the environment itself,

That the current “categorical” approaches represented by Public Health
Service divisional programs are incapable of providing either (a) the
necessary cognizance of combined multiple effects of environmental
impacts or (d) the depth of effort required by individual divisional
programs,

That accommodation to the national needs in environmental health
will require the establishment of a strong focal center adequately staffed
and equipped to prosecute an effective and integrated program within
the Public Health Hervice and to manage and coordinate a strong extra-
mural research, training, and technical support program utilizing the
available institutional resources of the nation. :

That an adeqguate legislative basis for a suficient national program in
environmental health does not exist at present.

One of the factors missing in the current efforts of the Service is a
place at which primary responsibility for the control of environmental
hazards comes to a focus. The Committee believes that immediate
action should be taken to establish a center where the operational,
research, and training programs of the Service in environmental health
can be brought together. This is not to say that all of these functions
of the Service should be centralized. On the contrary, many must re-
main close to the place where environmental hazards exist. However,
the complexity of the problem requires that the Service’s programs
be designed with a total perspective toward the environmental health

1



2 ENVIRONMENTAL HEALTH PROBLEMS

needs of the nation. This perspective can best be gained by a concen-
tration of primary effort at a Center.

Therefore, the Committee makes the recommendations given in the
following paragraphs:

1. PUBLIC HEALTH SERVICE RESPONSIBILITY IN ENVIRONMENTAL
HEALTH

@. A major national effort, both governmental and nongovern-
mental, must be started if the environmental health problems resulting
from the rapid growth of our highly technological civilization are to
be adequately understood and if measures for their control and ulti-
mate prevention are to be developed.

b. It is essential that the Federal Government assume leadership
in the research and development effort required to supply knowledge
and techniques to the discrete State and local agencies of all types
engaged in prevention and control activities for alleviation of threats
to health from the environment.

¢. The focus of this national effort should be centered in the U.S.
Public Health Service.

@. The leadership of the Public Health Service in the prosecution
of a national environmental health program should utilize to the
fullest possible extent existing university, industrial, governmental,
and other research and technological capabilities through grants and
contracts for research, demonstrations, and educational and training
facilities. Extramural extensions of the Federal activity should com-
prise a major fraction of the total annual effort.

2. MANPOWER NEEDS

a. Inundertaking a national program in environmental health, high
priority should be given to the early initiation of adequate training
programs for a wide range of personnel in the physical, biological,
and social sciences. These efforts should include the strengthening of
the divisional training programs, the creation of & new program of
institutional grants for comprehensive environmental health training,
and the continued support of the Service’s short-term, internal pro-
grams. Funds in excess of $25 million are urgently needed to place
these programs in full operation. Training effort of this magnitude
will not create an imbalance with other scientific needs of the United
States,

b. Strong efforts are needed to improve the status and income levels
of environmental health scientists to permit Federal, State, and local
health agencies to recruit needed personnel.

3. NEED FOR A NATIONAL ENVIRONMENTAL HEALTH CENTER

To implement effectively the development of a focal point within
the U.S, Public Health Service for an enhanced and major national



Conolusions and Recommendations 3

effort in environmental health, the Committee recommends the es-
tablishment of a Center for Environmental Health, which should in-
clude the following elements:

a. The headquarters activities of the present operational programs,
including their adminigtration, fundamental and applied research,
and the national pool of resource personnel who supply information
and assistance relating to control activities to the dispersed regional

laboratories and instrumentalities operating wherever preventive
and control measures are required.

b. The administrative headquarters of a unified environmental
health grants program in support of fellowships, university training
programs, university-related research projects, and demonstration
grants to properly constituted agencies.

o. Appropriate facilities for the conduct of special training pro-
grams, _

d. A new “Office of Environmental Health Sciences,” independent
of the divisional structure and with separate budgetary provision,
consisting of scientific groups reporting to the scientist who is Director
of the Office of Environmental Health Sciences. These groups, which
would include biclogical, physical, and social scientists as well as
mathematicians, would study basic problems in environmental health,
undertake research on problems of common interest to the several
divisions where desirable, provide central services in mathematics,
statistics, data processing, information storage and retrieval, instru-
mentation and analytical laboratory procedures, etc., and provide
advice and consultation to the Bureau of Environmental Health with
respect to the overall direction of research. Beyond these functions,
these groups would be specifically charged with the continuing re-
sponsibility for an overall purview of the entire field of environmental
health,

4. LOCATION OF THE ENVIRONMENTAL HEALTH CENTER

The Committee recommends that the Environmental Health Center,
including the Office of Environmental Health Sciences, be located in
the Washington area.

5. PROGRAMS IN ENVIRONMENTAL HEALTH

a. The Bureau of State Services (Environmental Health) is pres-
ently organized into five working divisions, a structure which evolved
as needs were recognized. It is recommended that, as soon a8 possible,
each of the operating programs be strengthened materially with re-
spect to staff and facilities, so as to accomplish their specific missions
more effectively.

b. In view of the growing environmental health hazards resulting
from rapidly changing technology and increasing population the
country over, the Committee recommends the continuing development
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of regxonal fac111t1es, supplementary to the Center, with adequabe
staff and facilities to conduct applications research, training and con-
trol activities appropriate to the regions involved.

¢. The Committee recommends that as the Public Health Service
moves toward the broader and more comprehensive effort here pro-
posed, every effort be made to conserve the real strengths of the present
program during the transition period and that intensive study be
given to an optimal organization pattern for environmental health
activities within the U.S. Public Health Service.

6. RELATIONSHIP OF PROGRAMS OF BUREAU OF ENVIRONMENTAL

, HEALTH TO THOSE OF OTHER FEDERAL AGENCIES

The broad scope of the problem of environmental health relates to
virtually all of man’s activities. It is to be expected, therefore, that
the specific programs of the Bureau of State Services (Environmental
Health) will frequently be contiguous with those of other agencies.
It is imperative therefore that continuing effective liaison be main-
tained between the Bureau and other national, State, and local agen-
cies. so a8 to maximize the effectiveness of each while avoiding
unnecessary duplication of effort.

7. NEED FOR LEGISLATION

a. The Committes recommends that the Public Health Service seek
such legislation as may be required to establish a Bureau of Environ-
mental Health with necessary authorization to conduct research, train-
ing and technical support activities, and to administer a broad
program of extramural training, research, demonstration, and insti-
f,utmngl' support grants and contracts. Such authorization should be
in addition to existing legislation governing operation of the divisional
programs. It should be designed to supplement, rather than limit,
the existing authority for divisional operation.

b. The Committee recommends that & statutory Advisory Council
on Environmental Health be established to advise the Surgeon Gen-
eral on matters concerning policy, operations, research and training
in the field of Environmental Health. This council would also serve
ag an advisory group for the Environmental Health Center, including
the Office of Environmental Health Sciences.

Additional conclusions and recommendations, appropnate to the
more detailed consideration of subject ma.tter, appear in the Subcom-
mittea reports.
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(GENERAL BACKGROUND: THE EFrorT NEEDED IN
ENVIRONMENTAL HEALTH

It has been stated that “the history of Public Health is . . . the
story of man’s endeavors to protect himself and his community against
disease.” * Itsrole today must be enlarged to include provision for the
positive protection of the healthy against the adverse influences of a
highly complex technological society which operates in evermore
crowded communities.

“The past 50 years have witnessed an unprecedented overall trend
toward the improvement of community health. Yet, this advance
has not been uniform either within communities or between various
parts of the world. A large group of countries generally under-
developed in an economic and technological sense, and often new as
independent nations, still have problems of preventable disease like
those with which the countries of western Europe and the United
States had to cope 75 to 50 years ago. . . . However, in economically
more fortunate countries, such as the United States, Great Britain,
and a number of others in Western Europe, the actual problems of
community health are very different. . . . a whole set of newer prob-
lems has appeared, and it is with these that the community health
program of the next 50 years will have to be concerned.

] [ L * - . »

“. .. as the problems of communicable disease have declined in
urgency, the community health program has broadened to include,
wherever feasible, other elements and situations that may adversely
affect the physical and mental well-being of people in the community.
The widening horizons of public health have in recent years come
to include such problems as accident prevention and mental health,
as well as renewed emphasis on the control of the physical environ-
ment. With our expanding and changing industrial technology have
come environmental alterations of increasing complexity. The once
dominant problems of bacterially contaminated air, water, and food
have now been replaced in considerable degree by chemical pollution,
and the possible relation of this condition to the induction of cancer.
Recent years have also brought about an increasing amount of dis-
cussion of the social and economic changes accompanying our expand-
ing industrialism,

* » * * * . ]

ilit;orze Rosen, 4 History of Public Health (New York: MD Publieations, Ine, 1058,
7



8 ENVIRONMENTAL HEALTH PROBLEMS

“Recent years have brought an increasing awareness of the problem
of atmospheric pollution. . . . In the same category is the new and
important field of radiological health. . . . Then there is the problem
of housing.” ?

As the nature of public health problems has changed over the years,
local, State, and Federal governmental relationships with respect to
meeting these problems have also been evolving to the present pattern.
A former Surgeon General of the U.S. Public Health Service has noted
that the Public Health Service is unique in the number and scope
of its responsibilities, within the Federal Government and in the
Nation, for environmental health.* He also portrayed in greater detail
the scope of environmental health and the nature of the problems
faced. Major program areas around which the Public Health Service
is organized * are water supply and pollution control, air pollution,
radiological health, milk and food protection, occupational health,
and environmental engineering, including accident prevention and
protection against solid wastes. The scope and details of these current
problems are reviewed in the reports of the Divisional Subcommittees,

What factors will determine the nature and magnitude of an ade-
quate national environmental health program in the future? Pro-
jections and predictions abound which purport to describe the growth
of the American population in the remainder of this century, and
the increasing fraction of older individuals in the population; the
ever-increasing complexity of our technology; the development of
new industries; and increasing reliance on nuclear power; the mag-
nitude of the gross national product; the magnitude of the national
agricultural effort; the introduction of new chemicals into our food,
water, air, clothing, tools, and toys; the coalescence of huge metro-
politan areas; altered means of communication and transportation;
new modes of dress; increased leisure time and the demand for recre-
ational facilities. The exact magnitude of any one of these projections
may be open to question, but their trend is all too apparent. And from
these technological, agricultural, economic, and social changes must,
inevitably, arise a panoply of diverse problems in environmental
health which must be solved before they are permitted to become acute.

Many of these problems have been identified and are presented
in detail, in the Subcommittee reports. It is from consideration of
the nature and magnitude of these problems that the broad guidelines
of the necessary national effort in environmental health emerge. A
few examples illustrating this principle are presented later in this
report.

S Ibid., p. 486-489,

8 “Hnvironmental Health.”  The Surgeon General’s Report to the House Committes on
Appropriations. U.S. Public Health Bervice, Department of Health, Bdueation, and Wel-

fare, January 1960.
¢ See Appendix for statement of present organization.
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It is apparent from these examples, and from many others cited in
the Subcommittee reports, that there are numerous functions, such as
epidemiology and biostatistics, which are common to environmental
health programs. Some of these functions are even now ongoing
in current programs, albeit at an inadequate level. One approach to
a strengthened national environmental health program would be
simply to expand each of the ongoing programs and staff each so as
to permit apparently adequate performance in all desirable functions.
Indeed, this has been the history of the U.S. Public Health Service
program based upon specific “categorical” legislation. But the Com-
mittee is strongly of the opinion that this is not a sound basis of an
adequate long-range national program in environmental health. Ulti-
mately, this must result in unnecessary duplication of effort while
completely failing to provide an integrative synthesis of those facets
of the various environmental health problems which are held in com-
mon. In consequence, the Committee recommends the creation of a
comprehensive Environmental Health Center.

As presently envisioned, the Center would contain the following:

1, The headquarters activities of the present operational programs, including
their administration, fundamental and applied research, and the national pool of
resource personne! who supply information and assistance relating to control
activities to the dispersed regional laboratories and instrumentalities operating
wherever preventive and control measure are required.

2. The administrative headquarters of a unified environmental health grants
program in support of fellowships, university training programs, university-
related research projects and demonstration grants to properly constituted
agencies. _

8. Appropriate facilities for the conduct of special training programs.

4, A new “Office of Environmental Health Sclences,” independent of the Di-
visional structure and with separate budgetary provision, consisting of sclentific
groups reporting to the scientist who 18 Director of the Office of Environmental
Health Beiences. These groups which would be specifically charged with the
continuing responsibility for an overall purview of the entire field of environ-
mental health, would include biclogical, physical, and social scientists as well
as mathematicians, free to study basic problems In environmental heaith and
undertake research on problems of common interest to the several operating
units where desirable, while providing central services In mathematics, statistics,
data processing, information storage and retrieval, instrumentation and analyti-
cal laboratory procedures, ete., and providing advice and consultation to the
Burean of Environmental Health, with respect to the overall direction of
research. ,

It is the Office of Environmental Health Sciences, in particular,
which will make possible an integrated national environmental health
program while avoiding unnecessary duplication of effort. It offers
a new method of attacking those facets of environmental health prob-
lems which are common to many of the opera_tmnal programs, By its
integrated approach it can identify and appraise environmental health
problems which are not under consideration. At the same time it cm

627408—62—9 - '



10 ENVIRONMENTAL HEALTH PROBLEMS

develop protection criteria which are based on all aspects of the
environment.

The Committee considers that one of the strongest arguments for
the Center is that it provides a focal point for the entire national en-
vironmental health program. By locating the operational programs

_contiguous to each other and to the Office of Environmental Health
Sciences, the following advantages accrue:

1. There will be available to all units central facilitles and personnel for
such functions as toxicology, epidemiology, applied mathematics, instrumenta-
tion, systems analysis, data processing and information storage and retrieval.

2. Each operational unit will have available to it a large pocl of scientific
specialists and experts for advice and consultation. By the same token it
provides an effective device for cross-fertilization both as between operational
programs and between disciplines.

3. Clearly such a Center provides a sounder and more comprehensive strue-
ture for the conduct of both intramural and extramural training programs.

4. It will minimize unnecessary duplication of effort in both fundamental and
applied research programs.

5. It will make possible within the Center a coordination of the efforts of

the individual operating programs and will provide a base for more effective
relations with other related institutions both within and without the government.

Clearly, the success of the Center is entirely contingent upon the
caliber of its scientific personnel. It may well be necessary to take
extraordinary measures with respect to salary structures, working
conditions, ete., in order to recruit and hold top-level scientists.

The total environmental health program of the Public Health Serv-
ice should be so designed and funded as to provide for fullest possible
utilization of the Nation’s existing scientific manpower, research capa-
bilities, and regulatory agencies. The Committee believes that this
objective can be achieved through a well-planned system of grants
and contracts for research, demonstration, training and program
operations, managed from a national Center.

While a substantial proportion of the entire program should be
developed extramurally, the effective employment of such dispersed
national resources will require the existence of an intramural activity
in depth and breadth sufficient to evaluate, review, and maintain in-
telligent working relationships with the external programs, Compe-
tence and facilities for such management, and for translation of the
resulting findings into control practice, will best be developed within
a unified Environmental Health Center.

'With the need for and development of a Center identified as the
major focal point for environmental health within the Public Health
Service, the role of regional and field stations and facilities must be
considered.

It is the Committee’s opinion that such field stations and laboratories
can best serve a particular environmental health program and obtain
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fundamental and applied data relating to some specific limited proj-
ects (such as shellfish or saline water problems).

If a Center of the type recommended is developed, considerations
arise as to choice of location for such a center. In addition to the
present operational programs, it is essential to have top-level person-
nel available drawn from the natural and social sciences and mathe-
matics under the Office of Environmental Health Sciences. This
group would perform functions of the types delineated in the first

four Subcommittee reports.
- Beyond the performance of such functions, this group would
provide a necessary internal core of scientific leadership whose re-
spongibility would be to provide overall guidance and direction to the
major effort necessary in relation to environmental health problems.
No present program of governmental health activity exceeds in scope
and complexity that which will be involved in environmental health.

Cogent arguments relating to the shortage of and competition for
top-level scientific talent can be made,® which appear to have consid-
erable validity and which point to a more segmented development of
strong scientific leadership groups located near and working with
major university centers.

The Committee carefully weighed and discussed the import of these
arguments as they related to their concept of the 5- to 10-year needs
for manpower, facilities, and resources, reasonably commensurate
with the level which would be required for a major effort in solving
environmental health problems. There is a need for central focus and
leadership in a Public Health Service environmental health program
of the type envisaged. This program must be related to other Public
Health Service activities as well as government agency programs
related to environmental problems.

Immediate planning must be undertaken for the staffing, organiza-
tion, and facilities of central environmental health groups within the
Public Health Service. Even if such planning proceeds rapidly, the
benefits that the Committee envisages from focal centralization of this
type will probably not be realized in less than 4 years.

After examining all the operational, regulatory, and research
aspects of the proposed and existing programs in environmental
health, the Committee recommends that the Environmental Health
Center, including the Office of Environmental Health Sciences, should
be located in the Washington area. Our reasons for this are based
on the necessity for the regulatory and operational aspects of the
environmental health program to be contiguous. Similarly, the oper-
ational and research programs in environmental health can function
much more effectively if they are in close contact with one another.

R —————

¢ fSee the minutes of & meeting of the President’s Science Advisory Committes ad hoc
Panel on Environmental Health, in the Appendix to this report.
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Similarly, there are many Public Health Service interdepartmental
problems which arise that call for frequent and interdisciplinary
review. Proximity to the National Institutes of Health with the
Clinical Center and the National Library of Medicine is essential for
research and access to clinics and patients. Another cogent reason is
the need for contact with many other Government agencies and de-
partments working in ancillary fields in environmental health such
as the Defense Department, Interior Department (Bureau of Mines),
Commerce Department (Bureau of Standards and Weather Bureaun),
and the Atomic Energy Commission.

An example concerns the relationship of the Division of Radiologi-
cal Health to the Atomic Energy Commission. The Subcommittee
considering the radiological health program believes that this problem
should be dealt with, as soon as possible, by the creation of a Radiation
Hazards Research Liaison Committee composed of the Chief of the
Division of Radiological Health, Public Health Service, an appro-
priate representative of the Atomic Energy Commission, and such
other personnel from the two agencies as may be needed. This com-
mittee would meet at frequent intervals to review Public Health Serv-
ice and Atomic Energy Commission radiation research programs and
to plan and devise ways and means whereby the resources of one
agency may be used to advance fully the programs of the other. This
committes would review budgetary proposals in all areas of common
interest before annual budgets are submitted for consideration to
the Bureau of the Budget. Although a Radiation Hazards Research
Liaison Committee of the type set forth here may not resolve all of the
questions of program duplication, it should go a long way to resolve
misunderstandings concerning the content of Atomic Energy Com-
mission and Public Health Service programs in radiological health
and will assure Congress that the full resources of both agencies are
being brought to bear on the radiological problems of the Nation.



RESOURCES REQUIRED FOR THE NEEDED EFFORT IN
' ENVIRONMENTAL HEALTH

It is self-evident from the above discussion that the character and
magnitude of the effort required, not only in the natural and social
sciences but in medical, public health, and engineering practice, de-
mands new resources and application of these resources in new ways.

‘While the Committee, as a result of studies and discussion, felt that
it had achieved comprehension of the broad nature and magnitude of
the effort and resources which will be needed in the next 5- to 10-year
period, it did not feel that these needs could be projected in any great
detail with much real validity. Obvious reasons for this were the
severely limited timespan of the Committee’s operation (about 2
months), and the important fact that the conditions encountered in
the environment which affect health are changing rapidly and all too
often unpredictably, An excellent example of this unpredictability
is found in the almost overnight change in the dimensions of the fall-
out problem because of the recent long series of Russian bomb tests.

With these reservations as to delineation in any detail of a future
program, the Committee in the following summation gives its best
estimates of the nature, order of magnitude, and priorities in time
which it believes will be required to develop soundly the major na-
tional effort in environmental health which should be carried forward.

Development of the program outlined in this report will require
a high-quality central scientific staff and the provision of facilities and
supporting resources. In view of the present large deficiency of
resources in relation to environmental problems, a more rapid buildup
of scientific staff in the immediate years ahead than in the ensuing
years is considered necessary. For the central scientific steff a
growth from the present core of 125 to approximately 300 by 1965
is recommended. By 1970 the central scientific staff needed is esti-
mated at 450.

Based on these projections for scientific personnel, and applymg
ratios and costs for supporting staff and resources from Government
and industrial experience, the annual operating cost of the Environ-
mental Health Center is expected to be $50 million in 1970.

For all field operations, including regional laboratories and stations,
field studies, decentralized training, basic data collection and analysis,
regulatory and technical assistance activities, a like cost is foreseen.
Thus, total intramural operations by the Public Health Service for
environmental health activities is projected at $100 million- by 1970,

13
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Research and training are expected to account for at least 50 percent,
$50 million, of this total.

The extramural program of grant support for training and re-
search, demonstrations, and State and local program development
should be much larger than the intramural operations in order to
provide the required scientific and technical manpower and for the
necessary acceleration of the total national effort. A ratio of extra-
mural support to intramural research and training operations of 5 to 1
is recommended for the period to 1970. This would amount to $250
million and place the total requirement by 1970 at $350 million.* The
Committee believes these estimates to be reasonable and the program
goals to be achieved with these resources attainable.

Resource needs are in terms of manpower, facilities, and budgetary
support, and those relating to scientific manpower for the program
are the most important. Obviously without the availability of a suffi-
cient number of natural and social scientists of the varied levels of
ability and experience and the much larger numbers of technically
trained ancillary groups needed for the research implementation, sur-
vey and control aspects of a large and broad effort in environmental
health such a program cannot be effective.

The future manpower requirements of a national environmental
health program can be broadly classified into subprofessional and
professional categories:

1. Subprofessional.—The need for large numbers of individuals with varying
levels of experience, ability, and specialized training who will man the opera-
tional, control, and surveillance units concerned with environmental health of
county, city, State, and industrial health departments and groups.

By and large, the training techniques needed for this subprofessional type
of training are known and effectively carried out through a variety of short-
term courses and seminars and inservice types of activity presently largely
centered in the U.S. Public Health Service. As is pointed out in the report of
the Subcommittee on Manpower Resources and Training (table III), an average
of gome 2800 individuals were trained per year in this way in the period 1956-
81. The estimate of the annual training needs in this category by 1965 is for
the training of some 10,000 such individuals and several times this number an-
nually by 1970,

Thus training of this type will be limited by the avaflability of in-house in-
structional manpower for such short-term in-house activities, by space and
facilities, and by budgetary support. This is a large and somewhat difficult task
in the Committee’s view, but one which can be accomplished if there iz proper
appreciation of the need for adequate staffing, facilities and funds commensu-
rate with numbers of trainees to be handled.

2. Professional.—In the area of scientific and professional manpower avall-
ability and training for environmental health needs, the problem 1s quite differ-
ent. This is in large measure a segment of the overall national problem of

providing an adequate supply of highly trained sclentists, engineers, physicians,
and allied professionals sufficient to meet the country’s growing demands.

3 Bxcluding grants for construction of public works such as those for municipal waste
treatment,
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Studies of the professional scientific manpower problem with which the
Nation is faced have been made by many groups so that discussion of this prob-
lem in any detail will not be entered into here, except to the extent that it is
relevant to the environmental health problems.

For this purpose, reference is made to one of the most recent of these studies
made by the National Science Foundation.*

Some data from this report will give a background pergpective against which
to appraise the environmental health manpower problems at the sclentific and
professional level. This report (pp. 18-19) estimated that there were 1,400,000
sclentists, engineers, and teachers of science in the United States in 1960-61,
this number included 12,000 M.D.’s doing research, but not all M.D.’s. Of this
total but not including any M.D.'s, there were 87,000 scientists and engineers
who were Ph. D.'s or Sc. D.'s. By 1970, according to the National Science Foun-
dation estimate (p. 14), this figure of 87,000 should reach 168,000 Ph, D.’s and
Sc, D.'s, or just about double,

With this background it is of interest to look at the figures for man-
power in this scientific and professional category estimated to be en-
gaged in environmental health activities in the Public Health Service
in 1962 (Subcommittee on Manpower Resources and Training Report,
Table I). For 1962 the estimate is 125 which is probably a reasonably
reliable figure. If allowance is made for the differences between
1960-61 and 1962, it would seem fair to say the environmental health
program needs in the Public Health Service in 1960-61 accounted
for about 0.15 percent of the total national pool of 87,000 individuals
in this category in 1960-61.

1f the projections of Table I (Report of Subcommittes on Man-
power Resources and Training) are reasonably valid, the Public
Health Service requirements for professional scientific Ph. D.- and
Se. D.-trained manpower would rise to about 0.24 percent of the na-
tional pool in 1965, and to about 0.27 percent of the total national pool
of 168,000 estimated to be available by 1970. These increases in with-
drawal from the national pool for the Public Health Service staffing
and their rate of increase in the next 10 years do not appear to the
Committee to be too difficult of achievement nor alarming in their
potential effect on nationally available manpower resources of this
type. It should be pointed out, however, that there are some individ-
ual disciplines vital to the environmental health program in which
marked expansion of training efforts will be necessary to fulfill the
manpower needs. (See, for example, the Report of the Subcommittee
on Pharmacology, Toxicology, etec.)

The total national scientific manpower requirement is much more
difficult to estimate or project to the future. Asnoted above, the total
gcientific manpower pool for the Nation was estimated to be about
1,400,000 in 1960-61 (National Science Foundation report). Of this

8 National Sclence Foundation, “Investing in Befentific Progress 1961-70,"” Washington,
D.C., 1961. (Report NSF 61-27.)



16 ENVIRONMENTAL HEALTH PROBLEMS

total, approximately 2 percent were engaged in environmental health
activities ® in 1961. The best projection of this percentage engaged
nationally in environmental health activities in 1970 available to the
committee is about 2.6 percent.

If this situation is broadly as stated, it has important implications
for training needs at the graduate and engineering school levels, for
the types of personnel needed :

1. The Department of Health, Education, and Welfare through the Public
Heaith Service should actively support moves of other agencies (especially the
National Science Foundation) to increase the national pool of scientists and
engineers at the Ph. D. or equivalent level.

2. Through suitable conferences, seminars, and educational campaigns aimed
at the graduate and engineering schools, the Public Health Service should point
out the need, career opportunities, and intellectual challenge that the developing
program in environmental health presents to Ph. D.s and engineers in the
wide range of contributing disciplines from mathematics, physics, and chemistry
through biology, the premedical sciences, the earth sciences, and the relevant
social sciences.

3. The research grants programs, especially those with graduate and engineer-
ing student training components, shounld be liberalized and broadened so as to
actively involve more university investigators in the broad range of disciplines
mentioned. Such wider involvement will prove one of the most important ways
of orienting the thinking in the average engineering or graduate school toward
the existing and emerging problems of environmental heaith and their challenge
to students interested in careers in basic or applied research,

8 Thig includes Individuals In water and sewage works flelds, in State and local health
departments, teaching, research, public works, and In private and consulting practice.



PRrOBLEMS IN ENVIRONMENTAL HEALTH: SOME EXAMPLES

Example 1

THE PROBLEM OF AIR POLLUTION

Polluted air is a product of industrialization, urbanization, and
human mobility, all of which will continue to increase rapidly in the
years ahead. The concern with air pollution in urban areas relates
to the emission of a variety of gases and particles, often followed by
secondary reactions in the air. Recent evidence has made clear that
all metropolitan areas have limited air resources. Even in areas where
the meteorological conditions are favorable, air resources are being
heavily utilized, and in some cases acceptable concentration limits
have been exceeded. Basically, the total potential quantity of pol-
lutants discharged to the atmosphere relates to two factors—the
size of the population, and the per capita use of energy and materials.

That air pollutants can affect health has been demonstrated conclu-
sively in several disasters in which many people were made ill and
human deaths occurred. Among the more dramatic are the episodes in
Donora, Pa., where 20 people died ; and in London in 1952, when the
normal mortality rate was exceeded by 4,000 additional deaths in a
single week. A growing body of circumstantial evidence testifies that
long-term low-level air pollution exposures can contribute to and
aggravate chronic diseases which affect large numbers of our popula-
tion. Economic damages to crops, animals, and structures are mani-
fest—totaling billions of dollars annually.

The national application of what we now know about controlling air
pollutants is unsatisfactory.

Procedures for the identification of specific compounds contnbutmg
to air pollution are largely tedious and expensive, and few laboratories
are equipped to undertake such determinations. The chemical com-
position and physical state in which air pollutants occur are of in-
creasing importance; for example, particle size as it relates to the
physiology of the pulmonary system, For only a small number of the
simpler gases such as sulfur dioxide, hydrogen sulfide, and carbon
monoxide are analytic methods available and for these, simpler and
less expensive procedures are desirable. There is need to measure
at frequent intervals such substances as aldehydes, olefins, polynuclear
aromatic compounds, and others, the number of which will be multi-
plied many times over in the years ahead.

The history of technology indicates that the patterns and the types
of these emissions and sources will change in the future. However,

17
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the precise direction in which these changes will occur cannot be
predicted.

In all urban areas motor vehicle emissions are in varying degrees
already a significant source of pollution. The interrelationship be-
tween hydrocarbons and oxides of nitrogen when photochemical air
pollution (smog) is produced in the presence of sunlight needs futher
elucidation. The role of particulates in the formation of smog and
the mechanism by which smog irritates the eyes and causes damage to
vegetation will require further research.

The formation of ozone and other oxidants, associated with unde-
sirable biologic effects and characteristic of photochemical smog, is
known to result from reactions among gases at concentrations of a
very low order at which they are relatively innocuous. Control of
such secondary reactions requires identification of the participating
primary pollutants and determination of the relative importance of
each in the photochemical processes. Changing technology neces-
sitates fundamental studies in photochemistry. The identification
of primary reactants associated with secondary toxicants will facili-
tate the development of more effective and less costly controls, Ade-
quate knowledge of the intermediate and secondary products must
be acquired before their biologic effects can be fully assayed and
understood.

A fundamental scientific problem is that of establishing relation-
ships between meteorological parameters and dispersive capacities.
Objective determination of reasonable emission rates and the degree
of control required for single sources in a given community are de-
pendent to a considerable extent on research in this area.

Studies are required that will provide a sound basis for future
estimates of national losses from (1) damage to crops and livestock,
horticultural products, and other types of vegetation; (2) corrosion
of materials and soiling of surfaces; and (8) interference with ground
and air transportation. Economic losses due to the expenses of illness
and diminished productivity resulting from air pollution are unknown,
as are the effects of air pollution upon the general well-being of healthy
individuals.

It is already recognized that mortality surveys, by themselves, are
not sensitive enough to reflect the subtle influence of minute concentra-
tions of toxins in the atmosphere. The use of morbidity data for this
purpose has been hampered by the fact that concurrent air sampling
and usable morbidity data have been almost nonexistent. Any leads
that indicate differences in morbidity—or less probably, in mortality—
must be followed in an attempt to relate health effects to a specific
pollutant or class of pollutants. To complicate the problem, tradi-
tional statistical methodology requires improvement by incorporation
of better methods for analyzing the vast quantities of data that accrue
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from long-term observations. Too, the problems of measuring mor-
bidity have required development of new techniques. Assessment of
illness due to air pollution requires more, generally, than the usual
medical questionnaire or routine physical examination. Some ob-
jective measures of physiological processes and their changes have
been developed and more are required.

Since the respiratory tract is the portal of entry for inhaled sub-
stances, an intensive effort has been directed toward pulmonary funec-
tion testing as an indicator of the physiologic effects of air pollutants.
Procedures that had previously seemed adequate for day-to-day fol-
lowup of patients responding to treatment, for single observations in
the routine diagnostic workup of the clinic, and for the measurement
of gross functional aberrations, have not proved suitable for use in
the field.

Until pulmonary function testing is standardized, epidemiologic
studies that rely on such measurements as an index of physiologic
changes will have little comparability. Studies, now underway, to
assess methods and evaluate techniques must be intensified. Research
on health effects has been mainly an attempt to associate individual
pollutants with a group of diseases. Research must also be directed
toward tissues other than those with which pollutants make first
contact.

We know that human panels exposed to irradiated mixtures of indi-
vidual hydrocarbong and nitrogen dioxide experience eye irritation,
The problem of what constituents in smog are actually responsible
for this biologic manifestation will probably not be resolved until an
objective test—perhaps an electrophysiologic technique—can be de-
vised, that will permit precise measurements, reflect sensory compo-
nents, and eliminate psychic influences. Apparently a number of
factors in the original mixture determine the occurrence and the
degree of eye irritation. The reaction products mainly responsible
are thought to be formaldehyde, acrolein, and peroxyacyl nitrate.

Because a number of statistical studies have indicated a higher
incidence of lung cancer in urban than in rural areas and because
such well-known experimental carcinogens as benzpyrene have been
found in community air, the finger of suspicion has been pointing for
some time to atmospheric benzpyrene and related aromatic polycyclic
hydrocarbons as at least contributory etiologic agents in lung cancer,
Certainly it does not seem possible to attribute the alarming increase
in lung cancer incidence to smoking alone. A growing body of ex-
perimental evidence incriminates atmospheric hydrocarbons,

All organic fractions of airborne particulate matter from U.S. cities
are capable of producing local skin tumors after subcutaneous injec-
tion in mice, and chronic low-level exposure seems to be more injurious
than brief heavy exposure. Animals exposed to both the virus of
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influenza and inhalation of ozonized gasoline develop true epidermoid
cancers in the lung. The applicability of such evidence to human
disease is as yet uncertain, but the research leads now developed
should be followed up intensively.

A causal relationship between air pollution and the group of chronic
obstructive ventilatory diseases that appear to be increasing in inci-
dence in this country has not been definitely established. But isolated
research findings that asthmatic attacks occur more frequently on days
with smog damage to plants, that emphysema patients improve on
breathing filtered air after several days’ exposure to smog, and that
the daily course of patients with chronic obstructive respiratory dis-
ease fluctuates with certain pollutant levels strengthen the conviction
held by many experts in the field that these indicated relationships
may be important leads to definitive knowledge—leads that should
be vigorously pursued.

An integrated research effort, utilizing laboratory techniques, statis-
tical methods, and the epidemiologic approach, along with intensified
chemical, meteorological, physical, and engineering studies, provides
the hope for a solution to these problems. Alone, no one method
can hope to accomplish this aim.,

Example 2
THE PROBLEM OF WATER POLLUTION BY INDUSTRIAL WASTES,
INCLUDING RADIOACTIVITY
OroaNIC INDUSTRIAL WASTES

Studies and surveys by the Public Health Service in recent years
indicate that the amount of organic industrial wastes (treated and
untreated) now going into the Nation’s watercourses is about double
the amount of municipal wastes; that is, a “population equivalent” of
150 million persons.

The increase in organic industrial wastes since 1900 and estimated
amounts in 1970 and 1980 are shown in the following table:

Increase in Organic Indusirial Wastes

Index of } Population

Yeoar industrial equivalent

production d

(in millions)
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By 1975, industry is expected to more than double the production
attained in 1950, This would indicate a possible doubling of present
organic wastes by 1980 which may be tempered by certain technologi-
cal and engineering developments, and the extent to which industry
met its responsibilities for satisfactorily treating its own wastes.

These data show that substantial reductions in industrial organic
pollution loads can be effected by waste treatment if industry can
attain 80 percent removal of “population equivalents.” Such reduc-
tions will require a greatly accelerated construction program and the
development of new treatment processes, because fully effective meas-
ures have not yet been developed for many organic industrial wastes.
The table also indicates the pollution situation that will exist if the
present rate of treatment construction continues or if treatment proc-
esses are not found which can approach 80 percent removals,

INORGANIC INDUSTRIAL W ASTES

There have been large increases also in the discharge of the “com-
mon” inorganic industrial wastes (principally of mineral and chem-
ical origin). These wastes have polluting effects different from
organic wastes and cannot be measured in terms equivalent to sewage.

Inorganic wastes originate from metal pickling, acid mine drainage,
metal finishing, chrome tanning, and from the mining, processing, and
manufacture of a wide variety of metal and chemical products. Also
organic wastes often contain substantial amounts of inorganic con-
stituents, Production figures for the industries discharging inorganic
wastes show that the amounts are very large and the index of indus-
trial production indicates they are increasing rapidly. Fully effec-
tive treatment processes have not yet been developed for many inor-
ganic industrial wastes.

New Caemroar, WasTES

- The chemical industry is the fastest-growing segment of American
industry and some of its growth is reflected in the following table:

Leaders in Synthellc Organic Chemical Growth 1
[Production in million pounds]

1928 - 1988 1048 1058
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ModloINAlS. . oo e cciaanrmetrusememmmascammaereasaneamean 4 13 43 101

' Sonurce: The Chemical Industry Facts Book 1000-61 Edition.
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Synthetic dyes, adhesives, surface coatings, solvents, and many
other industrial, agricultural, and commercial products have also
registered substantial production growth,

A major new water pollution problem has emerged with the growth
of the synthetic chemical industry. Wastes from this industry are
reaching watercourses in increasing numbers and amounts each year,
both from the use of the manufactured products and from wastes
produced during their manufacture. These chemicals reach the
stream by way of municipal and industrial sewers, land drainage, or
indirect application of chemicals to the stream, lake, or impoundment.

Wastes and products originating with the synthetic chemical indus-
try ave extremely complex in their composition and behavior. Some
cause tastes and odors and a large number are highly toxic to fish
and aquatic life. Many do not respond to biological treatment and
persist in streams for long distances. We do not know how to detect
most of these compounds in water, or how to treat them in waste
effluents or remove them from water. Most important, we do not
know the long-range toxic effects of these new synthetics on man.

The new synthetic wastes are present in low concentrations in most
waters for the moment, but the industry is continuing its rapid growth.
Each year we are finding increasing amounts of these wastes at our
water supply intakes, and since neither our sewage nor our water
treatment plants remove them, they are reaching the consumer in
increasing amounts.

Raproacrive WASTES

Still another new water pollution problem of serious potential has
emerged in recent years from the growth of nuclear technology. The
presence of radioactive materials in our streams is adding another
new contaminant to the Nation’s water supply that has serious health
implications if not controlled.

Pollution by radioactive materials from nuclear weapons testing is
well known. Waste products from mining and refining radioactive
minerals, such as uranium or thorium, may be discharged into streams,
Waste products from refined radioactive substances used in power
reactors or for industrial, medical, or research purposes require ade-
quate control measure to prevent dangerous concentrations from
escaping to streams,

Radioactive materials are characteristic of a newly developing
class of water pollutants that are subtle in effect and not detected by
the usual stream pollution analyses. Even so, their control is a
problem in principle no different than the control of the more common
types of wastes, and in this instance the only practical means of
protection against human exposure to radioactive wastes in water is
treatment and control of such wastes at their source. Since radio-
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activity exposure effects are cumulative, these controls must be effected
in light of total human exposure in the environment.

HeaT

“Heat pollution” is becoming an increasing matter of concern to
water pollution control administrators and conservationists. Since
1900, electric power production has approximately doubled every 10
years and is expected to double again in 1970. TUnless controls are
effected, this could mean an increase in “heat pollution” of more than
100 percent in the next 10 years. This does not even take into account
the increase in water temperatures that will accompany the increase
in impoundments for hydropower, irrigation, navigation, flood con-
trol, and water-supply purposes.

In areas of population and industrial concentration, such an increase
in “heat pollution” in lakes and streams could have a profound effect
on the ability of the waters to assimilate even well-treated wastes, or
to serve increasing demands for recreational and fishing opportunities.

The following example illustrates the potential of heat as a pol-
lutant. In the Illinois River near Chicago, the effect of thermal
pollution from steam-electric plants is reported to be equivalent to
doubling the organic waste load from the Chicago area, that is, from

the present “population equivalent” of more than 1 million to more
than 2 million,

EvarvaTiNG THE PorrurioNan, Errects oF WASTES

With increasing frequency, control agencies are faced with water-
pollution problems that involve new types of wastes whose impact on -
water uses and on human health cannot now be fully evaluated.
Toxicological and epidemiclogical studies are essential to assessment
of the public health importance of new wastes, and a protocol of
effective research must be established.

Predicting Towic Effect of a Waste on Aguatic Life: Data on which
to base the environmental requirements of aquatic life are needed and
must be developed through research. These requirements, which
include such items as temperature, dissolved oxygen, carbon dioxide,
and pH, should be based on scientific fact so that reliable criteria can
be developed for managing water quality to restore and maintain a
suitable aquaticenvironment. These criteria may also prove valuable
in managing water quality for other uses.

Predicting I'mpairment of Water Treatment Processes by a Waste:
A waste may impair water treatment processes by retarding floccula-
tion, increaging chlorine demand, or through other effects. Reliable
predictive methodology for such effects should be developed to guide
water purification practices.

Predicting Effect of a Waste on Palatabzlzty Objectionable taste
and odor of drinking water is the most common manifestation of
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industrial pollution which is difficult to identify and trace. Develop-
ment of effective methods for predicting a waste’s taste and odor
potential, and for identifying and tracing the substance responsible
1s needed.

L'pidemiological Studies: Current methods of disease reporting
seem to indicate that waterborne infection is infrequent and not a
major route of disease dissemination; yet there remain troublesome
endemic occurrences of diarrheal diseases, infectious hepatitis, and
poliomyelitis not explained by “contact” spread. More refined tech-
niques must be developed to reveal the less obvious cause and effect
relationships.

Few systematic appraisals of the health effects of pollutants have
been made other than traditional investigations of infectious diseases.
We need to know much more of the effects of mineral salts, organic
compounds, domestic and industrial waste components, as well as
the etiological agents of infectious disease; also, we need to know the
effects of deficient trace elements, molybdenum, selenium, vanadium,
nickel, zinc, and copper.

Evaluating T'oxic Effect of a Waste on Humans: Many of the waste
substances now entering water supplies are known to be toxic in
sufficient concentrations, but there are many others of unknown tox-
teity. Detailed studies of the toxicologic effects of individual chemi-
cals and mixtures of chemicals are time consuming and costly, and it
is hazardous to predict toxicity potentials of mixtures on the basis of
individual components, especially if they vary in specific biological,
physical, and chemical properties. Increased attention must be di-
rected to the development of rapid screening tests for waste materials
which may carry toxicity hazards in the area of water supply. The
fundamental studies in toxicology and the related sciences require
by the development of such tests can probably be best conducted in
concert with other programs having similar interests and competency-

TREATMENT OF WASTES

The important need for the development of new methods for treat-
ing wastes more effectively and cheaply is not being adequately met.
Also, since conventional treatment methods remove only 40-60 percent
of pollutants in wastes, there is a real need to develop entirely new
processes which will approach actual purification. This is becoming
a particular requirement for large cities and in areas of population
and industrial concentration where treated effluents are too great 8
burden on receiving streams, and where the same water must be used
several times to meet needs.

Improvement of Biological Systems of Waste Treatment: Improve
ment of methods for selecting and rapidly adapting micro-organisms
to metabolize new organic compounds will increase the effectiveness of
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present biological treatment systems. Whether organisms can metab-
olize a given compound or not will provide regulatory bodies and
industry with information to determine whether a waste is acceptable
in a waste treatment system and the receiving water.

Treatment of Wastes in Stabilization Ponds: The waste stabiliza-
tion pond is a recent important low-cost treatment development.
Pond design presently is on an empirical basis and understanding of
the natural factors (solar energy, respiration, wind, ete.) involved in
the stabilization processes is too fragmentary to properly evaluate
their effect on design criteria. Additional knowledge is needed on
effects of hydraulic loading and of waste character on pond efficiencies
m removing pathogenic organisms.

The Application of Physical-Chemical Principles to Separation of
Soluble Solids: In the face of a naturally fixed water supply, the
growing needs of expanding population and industry are requiring
that a given water supply be used more and more intensively. Iventu-
ally reuse will become an accepted and necessary practice in most
densely populated areas. The development of satisfactory waste
treatment techniques which will provide for repeated reuse of the
receiving stream represents a major, challenging research problem.

Because present methods of waste treatment, stream sanitation, and
water purification cannot remove many of the new pollutants and only
a fraction of the older ones, a major research program has been under-
taken to evaluate physical-chemical principles applicable to much
more complete removal of contaminants from water. Some of the re-
search areas of interest are: Adsorption, extraction, foam fractiona-
tion, freezing, ion exchange, oxidation, and various membrane proc-
esses. The major question will revolve about the eventual economic
feasibility of such operations. Participation in this program by uni-
versities, research institutions, and industry is highly desirable.

DisposaL or Waste ErFrLUENTS

In disposal of waste effluents, the receiving water is seldom used
effectively for maximum dilution. This raises pertinent questions
regarding the adequacy of outfall design techniques. Effective tech-
niques need to be developed to assure optimum use of all available
receiving water, whether this be in a stream, the Great Lakes, or
coastal marine waters.

The discharge into top soil of the liquid wastes from millions of
homes anq many industrial plants represents a potential, and often
actual, nuisance and public health hazard. Discharging liquid in-
dustrial and radioactive wastes into very deep porous strata em-
phasizes the need for more information on this method of final
disposal.

827408 —62—3
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QUALITY SURVEILLANCE

Until recently, few programs of water quality intelligence could
present a realistic picture of changing quality conditions in a stream.
The minimum criteria for effective quality surveillance are clear. An
acceptable program must be based on stream data that accurately
reflect the stream’s condition. Sampling and analytical procedures
must be dependable and inexpensive.

With increasing demands for water of good quality for all water
uses, the demand for dependable and economical sampling and analyti-
cal techniques becomes more acute. Even the application of our most
advanced laboratory methods would presently provide only a partial
picture of water quality conditions. Because of the importance of
such data in water quality management programs, considerable em-
phasis must be given to research directed to satisfying this need.

Improvement in Bacterial Indices of Fecal Contamination: The
major research goal of sanitary microbiology is to develop simpler,
more rapid and more specific procedures for identifying contamina-
tion by human wastes. Such procedures are important in health pro-
tection and are needed where questions of important regulatory action
are involved.

Recovery, Identification, and Evaluation of Viruses: During the
last 15 years more than 70 viruses have been detected in human feces.
All may be present in sewage. Viruses pass through the sewage treat-
ment plant, persist in contaminated waters, and may penetrate the
water treatment plant. Numerous outbreaks of infectious hepatitis
have been traced to contaminated drinking water. The occurrence of
such incidents appears to be increasing.

An assessment of the significance of water in transmitting viruses
will depend on the development of improved techniques. The de-
velopment of an effective method of culturing the virus of infectious
hepatitis represents the single most important task for research on
waterborne viruses.

Use of Biota in Water Quality Surveillance: Changes in aquatic
population reflect changes in water quality. A number of attempts
have been made to employ aquatic life in water quality surveillance.
No system has, however, been generally accepted as satisfactory by
aquatic biologists. The potential value of employing aquatic biota
in water quality surveillance should be determined by research,

Recovery and Identification of Chemical Contaminants: Increased
production and widespread use of organic chemicals are introducing
more new and highly complex chemicals into the water resource for
which no methodology for detectic?n and measurement exists.

T.he de.avelol.)mt?nt of more eﬁec.tlve methf)ds for capturing, concen-
trating, identifying, and measuring organic contaminants represents
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an important need in water quality surveillance, and in development
of controls. Improved, highly refined instrumentation for micro-
chemical analysis must be developed for this purpose. It is clear that
this will require evaluation and adaptation of the most advanced
techniques of chemical separation and analysis.

Example 3
SOCIAL AND ECONOMIC ASPECTS OF ENVIRONMENTAL ENGINEERING

Environmental engineering concerns itself with the establishment
and maintenance of a healthful environment, particularly in urban
areas where the problems are most acute. This requires bringing
together the social, biological, and physical sciences in dealing with
the problems of the health and welfare aspects of man’s relationship
with his environment. These have been delineated by an American
Public ITealth Association committee as follows:

1. Insuring the elements of simple survival.

2. Prevention of diseuase and poisoning.
3. Maintaining an environment suited to man’s efficient performance.

4. Preservation of comfort and the enjoyment of living.

Environmental engineering, therefore, deals with safeguarding
man’s water, air, food, conveyances, structures for habitation and
employment, and his recreational and work environments. It in-
volves not only the control of the quality and quantity of basic neces-
sities, but also, importantly, the control of the waste byproducts,
whether solid, liquid, or gaseous. These byproducts, if uncontrolled
or allowed to accumulate, would not only stifle existence but lead to
widespread disease and physical impairment.

Increasing population and increasing concentrations of people into
the urban areas of the United States have accentuated environmental
problems in two important, related ways: (1) as our air, water, and
land resources are fixed, increasing populations decrease the quantity
of each of these basic necessities available to the individual; (2) with
increasing amounts of waste products concentrated in areas with
growing populations, the relative effects of these wastes on man are
increasing at an ever-increasing rate. These threats are of an insidious
nature, a form of creeping paralysis which, if not recognized and
corrected, can lead to urban stagnation and death as surely as the most
violent epidemic.

The solution of environmental engineering problems is viewed as
dependent upon a recognition of these two factors and upon finding
the ways for applying, successfully, technological advances already
achieved. It is of course, also dependent upon the continuing search
for new ways and means of controlling the environment.

The modern practice of environmental engineering, from the public
health viewpoint, consists of obtaining cooperation between numerous,
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contiguous municipalities and this presents complex economic and
social problems. It is, therefore, at this point that the engineering
and social science professions become interdependent. Each has a
vital contribution to make and it is doubtful if progress can be made
without an attack on the problem by these combined forces. Some
illustrations of these points are the following.
SocrorcoNomMIC IMPLICATIONS

Althouglh engineers have traditionally endeavored to design the most
economical as well as the most workable solution to a problem, eco-
nomics in our context has a larger meaning. Involved is the need
for evaluating the overall economic picture of a metropolitan complex
for, say, the provision of an adequate water supply. In large metro-
politan areas the provision of enlarged water supply facilities is some-
times hampered because of irrational rate structures. Solving such
problems requires thorough economic studies of the water rates and
instituting an equitable system overall. The importance of social
factors is illustrated by the location of arterial highways without
regard to social, economic, and health implications of these decisions.
When this does occur, the completed road may create severe problems
of neighborhood deeay, inaccessibility to industrial complexes, or other
undesirable “direction” of city growth.?

METROPOLITAN APPROACH TO PLANNING

The metropolitan factor appears strongly to be the common denomi-
nator to most environmental engineering problems. The technical
literature of the past 10 years abounds with references to the recog-
nition of this fact. There are now 210 Standard Metropolitan Stat1s-
tical Areas, and the number is growing each year. Of these, 27 8¢
interstate. Still another pertinent statistic is that 70 percent of the
U.S. population lives in urban areas. The growing interest in com”
prehensive metropolitan health planning is well illustrated by the
recent appearance of an Environmental Health Planning Guide pub-
lished by the Public Health Service. Designed for use by either
technical or lay people, the guide emphasizes the evaluation of health
related utilities and services which readily lend themselves to long-
range planning.

MrrroporiTAN CooPERATION AND HEALTII

A study of an unsuccessful effort to create a county health depart-
ment, and a more recent study of the social forces blocking State
efforts to create countywide health departments, are examples of 1'91‘?'
vant social science research. The similar failures to secure publi®

14 pertinent discusslon of social factors 1s appended to the Report of the Subcommittee
on Environmental Engineering, q.v.
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action on water fluoridation suggests the need for social science re-
search into public attitudes as a basis for health action.

Most threats to environmental health cover geographic areas which
are larger than the traditional political boundaries which constitute
the basic State and local governmental system of this country. The
problem of fragmented government is particularly acute in metropol-
itan areas, and it is in these areas that the problems of environmental
health are most serious. Further, these health problems are no re-
specters of the boundaries which divide these areas into literally
hundreds of semi-independent principalities. Air and water pollu-
tion, and radiation are hardly controllable unless the attack can be
made on an areawide basis. The possibility of such areawide coopera-
tion is a field which has been extensively researched by political scien-
tists during the last decade. Most practical advances have been made
through the use of the areawide functional special distriect. The em-
ployment of this and other governmental innovations may well fit
the need of the public health function. Different problems are being
created, however, by the mushrooming of these special districts. Some
central function is going to play a coordinating role; health may be
the logical function for this purpose.

Closely related in subject matter would be the study of interstate
cooperation in health matters. Particularly in metropolitan areas,
interstate cooperation has become an essential to an effective attack
upon common problems. Today air pollution and water pollution are
of special interest in this connection, but these are only two aspects
of the problem. Recent social and legal research has produced an
accumulation of knowledge in the field of interstate cooperation,
and in the use and limits of the interstate compact which needs to
be related to public health. What is suggested is studies of metropoli-
tan health problems that would be comparable to those conducted in
the mass transit field by the Transportation Center at Northwestern,

These examples are intended to indicate that the traditionsal areas
of study in environmental health have underlying social causes to
which social scientists can contribute insight.

Still another broad area of environmental engineering where social
sciences play a part is that of standards formulation. In drafting
criteria of performance in the environmental health field, it is im-
portant that the social factors of standards applications be carefully
considered.

After three decades of increasing interest and work in the health
aspects of housing, there is still little or no information on the effects
on health of room size, noise, air conditioning, lighting, and other
environmental factors,

In the area of metropolitan development, health-oriented standards
are either nonexistent or empirical. Attempts have been made by
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some zoning authorities to set criteria. For example, New York and
Chicago zoning authorities have set arbitrary limits on noise and
vibrations from industrial sectors, but the problem of permissible noise
levels in business and residential areas is not dealt with.

The setting of health standards for urban development is compli-
cated by the subjective nature of the problem. Modern health con-
cepts include mental health aspects. Much of how persons or large
groups of people react to noise, vibration, light, and temperature is
governed by attitudes. To research this area, the combined skills
of social, psychological, physical, and medical scientists will be
required.

Example 4

THE PROBLEM OF FOOD CONTAMINANTS

MicroBrorocicaL, CONTAMINANTS oF Foops

The notable successes of the past 50 years in controlling botulism,
typhoid fever, and other severe foodborne diseases, have tended to
create an impression that technical knowledge in this area is adequate
to prevent all infections and intoXications of microbial origin. How-
ever, the facts are that gastroenteric episodes continue to occur at
a rate second only to respiratory infections, among the short-term
illnesses suffered by middle-class American families. Current food
sanitation practices have failed to reduce the high incidence of food-
borne diseases during the past 8 years. Although the majority of
outbreaks either go unrecognized by health authorities or are of
undetermined etiology, a growing body of evidence indicates that
hitherto unsuspected fungi, bacteria, viruses, rickettsiae, and protozoa
may be partially responsible. For example, infectious hepatitis has
been traced to consumption of polluted ghellfish, first in Sweden, and
on two more recent occasions in the United States. Closiridium per-
fringens, which has long been associated with foodborne gastro-
enteritis in Great Britain, is only now beginning to receive serious
consideration in U.S. health departments. The first official reports
of such outbreaks were received by the Public Health Service less
than 2 years ago.

Well-known types of food poisoning organisms occur frequently
in a variety of foods. Raw market milk supplies nearly always con-
tain Staphylococous aureus. Dried or frozen egg products are notable
sources of Salmonella organisms. 'When these products are used for
manufacturing purposes, they may cause serious contamination of
the finished product, as happened in the case of commercially marketed
hollandaise sauce. OQOutbreaks of Salmonella typhimurium were re-
ported from Los Angeles, Calif., and St. Paul, Minn,, in mid-June
1961, The hollandaise sauce withdrawn from the market was found
to contain 8. typhimuriwm in lots obtained in San Antonio, Tex., San
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Francisco, Calif., Washington, D.C., and St. Paul, Minn. The product
was manufactured in New York State.

There are in excess of 600 serotypes of Salmonella which may cause
illness in man. A sharp increase in cases in the United States due to
one, 8. reading, rarely identified among Salmonella isolates from
human or animal infections, began in September 1956, During the
12-month period following, 325 acute sporadic cases and 3 outbreaks
due to 8. reading were reported in widely scattered States from Alaska
to New York. Obviously this widespread illness, due to a specific
micro-organism, does not follow patterns of water or milk borne
outbreaks but would be applicable to a processed contaminated food
product in national distribution.

An example of spread of Salmonella infections from contaminated
egg albumin was reported in England. Widely scattered cases were
traced to certain bakeries where dust from American egg-albumin
powder contaminated the finished bakery produects.

From the above examples it may be seen that foodborne disease-
producing micro-organisms are widely distributed in foods in national
and international distribution, for which no protection of the public
isafforded.

Recent field studies in a metropolitan area have shown (a) that
Salmonellae were present in 17 percent of the raw market poultry, and
(b) that staphylococci were found in 21 percent of the market Cheddar
cheese. Direct evidence regarding possible effects of these contami-
nated foods on the health of consumers is not available, but similarly
contaminated products have, on other occasions, been implicated in
gastroenteric outbreaks.

The foregoing examples illustrate the complexity and magnitude of
the microbiological problems of food protection, which require much
increased research effort by the Public Health Service, in concert
with other governmental agencies and industry. Potentially useful
approaches to these problems include:

1. Methodological studies to improve techniques for the quantitative detection

and identification of pathogenic foodborne micro-organisms and their toxie
products.

2. Bacteriological, virological, mycological, and parasitological investigations
to determine the kinds, prevalence, persistence, and public health significance
of potential pathogens in specific foods. For example, the production of safe
shellfish depends on a thorough knowledge of the microbioclogical condition of
estuarial growing areas, as well as commercial harvesting, gshucking, and pack-
ing operations, which are subject to contamination with various toxic dino-
flagellates, enteric bacteria, and viruses,

8. Veterinary public health studies on epizootic diseases of food animals, which
may be {ransmitted to man, .

4, Ecological studies on the interrelated physical, chemical, and biological
factors that affect the growth and survival of pathogenic micre-organisms in
food.
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5. Coordinated epldemiological, clinical, and laboratory investigations of
foodborne diseases to establish cause-and-effect relationghips, modes of con-
tamination and transmission, extent and severity of illness, techniques for finding
and reporting natural outbreaks, and means for prevention and control.

8. Consideration of the public health significance of alterations in the nrcro-
flora of foods, which may be brought about by the newer methods of processing
and marketing; e.g., freeze drying of products which may be reconstituted and
sold at delicatessen counters or from vending machines.

7. Field studies in the community setfting on practieal approaches to the controel
of microbiological contamination of foods.

ForeigN CrEMICALS IN Foobs

Increasing contact between foods and foreign chemicals is unavoid-
able in our technologically oriented economy. Without use of agri-
cultural chemicals, food additives, sanitizing agents, chemically
treated water, and synthetic packaging materials, the United States
could not feed the urban population. It hasbeen estimated that elimi-
nation of agricultural chemicals alone would reduce farm yields by
10 to 90 percent.

There is also growing concern about the radionuclide contamination
of milk and other foods by fallout from nuclear explosions, by-
products of atomic reactors, and residues of radioactive wastes.
About five-sixths of the strontium 90 taken into the human body is
estimated to come from foods, especially dairy products. Accidental
release of short half-lived radionuclides, such as iodine 131, from a
reactor in another country has, on at least one occasion, necessitated
withholding milk from the market until the level of radioactivity
declined. Extensive studies, in close cooperation with radiological
health and atomic energy experts, will be necessary to understand
the progression of radionuclides through the food chain and their
long-term effects on man.

As is brought out in the report of the Subcommittee on Milk and
Food, “there are no harmless substances; there are only harmless ways
of using substances.” The determination of how and when chemicals
may be used safely in relation to food is ulready a major public health
problem, and it will become even more important in the future.

Some of the avenues by which the health implications of foreign
chemicals in foods may be approached are as follows:

1. Methodological studies to develop and simplify analytical procedures for
both the presumptive qualitative and quantitative determination of herbicide,
insecticide, rodenticide, germicide, and other potentially harmful residues in
foods. There are many new tools now available which should be studied with
respect to their application in this field.

2. Toxicological and pharmacological investigation of animal and human
responses to repeated low-level dletary exposures, using chemicals singly or in
combinations which are typical of their occurrence in food.

8. Exploration of the correlations between long-term, chronic-toxicity testing
and more rapid presumptive procedures, based on reactions of enzyme systems,
tissue cultures, or micro-organisms, to chemical agents,
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4. Radlochemical studies on the occurrence, measurement, intake, retention,
and biological effects of radionuclides from foods and other environmental
sources, including dietary means of minimizing human exposure and damage.

Example 5

PROBLEMS IN OCCUPATIONAL HEALTH

Occupational health is that portion of the total health effort which
1s closely associated with the individual’s occupation. The occu-
pational environment presents many special risks as well as oppor-
tunities for improving health, but effective programs must be based
upon adequate and simultaneous attention to both the man and his
environment.

The traditional emphasis in the study of occupational disease has
been on specific, dramatic, and killing diseases apparently caused by
single or small groups of environmental factors. The recognition and
conquest of lead poisoning, mercury poisoning, tar cancer, phosphorus
poisoning, radium poisoning, and silicosis are classical stories.

Occupational health today, however, must not only continue the
application of conventional methods for the detection of new toxic
agents, but must also extend its traditional concept in new dimensions.
The problem confronting us today contains many elements that are
new, but our methods of attack have been slow to adapt to the new
challenges. The health of the worker is still far from optimal, and
frank occupational disease also persists. Residual or slowly develop-
ing disease or dysfunction may not be detected by conventional clinical
examinations or by conventional reports of death or disease. Some
occupationally induced disease can easily be confounded with “normal”
causes of progressive deterioration such as aging. The involvement
of each individual may be less, but many more persons are involved.
It has been estimated that of the more than 70 million members of the
civilian labor force, probably more than half have some degree of
physiological impairment which could be greatly reduced if adequate
knowledge were available.

There is increasing evidence that impairments now being en-
countered are not produced by single, isolatable, and easily incrimi-
nated factors; rather that many are the result of multiple factors
working together, each adding its own insult and helping others to
add theirs. Only tentative beginnings have been made to answering
such questions as the effects of high atmospheric pressures or thermal
stress on the tolerable limits of toxic chemicals. Attempted solutions
of some problems lead to new questions. For example, we may point
to the paradox that has developed in the South African mines—dust,
as it was known, has been largely suppressed and with it has dis-
appeared the gross silicosis of old, but pneumoconiosis remains and
resultant deterioration of pulmonary and cardiac functions continues.
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This pneumoconiosis may at times even show a negative correlation
with the environmental dust count as conventionally estimated.
Again, with the decrease in heavy physical labor and the introduction
of automation, the incidence of physical strain in industry can be
expected to decrease, but the psychological stresses are obviously in-
creasing at least in proportion and probably absolutely as well. For
example, the problem of handling and interpreting masses of incoming
information under pressure, in split-second fashion and often with
very critical consequences, so dramatically seen in airport control
rooms, is developing with increasing frequency in communication
centers across the Nation, in plant control room and in emergency
installations. In less intensive fashion the psychological and social
concomitants of the job affect every worker, his relations with others,
his productivity, his anxieties, and his health.

Recognition of the interrelationship of various environmental fac-
tors has perhaps been most evident in the heightened awareness of
the effects of the growing chemical world surrounding us and of the
consequences of exposures to radiation and other agents of technologic
prowess. There is a widening gap between the new materials being
created and an understanding of their effects on living systems. It
should become axiomatic that these materials must be as well under-
stood for their biological potentialities as well as for their physical
and mechanical properties. It is in the in-plant environment where
many of the toxic pollutants now threatening the air and water of
communities throughout the Nation are first spawned. The indus-
trial worker is first exposed to the chemicals that find their way into
home use. Industry is the incubator for problems of more far-
reaching consequence, and alert, scientifically sound, and unbiased
investigations of occupational health problems can provide bases for
later communitywide investigations. Also, without adequate knowl-
edge and coordination of activities the elimination of a contaminant
from a plant may well result in a community air- or water-pollution
problem.

Over one-half of the industrial plants in this country lack basic
industrial hygiene control measures. The most serious deficiency is
in the provision of adequate preventive measures for workers in the
small plants of less than 500 employees, which accounts for over
two-thirds of the work force.

In several States the provision for the control of occupational
environments is below the level considered adequate. Of the 584
persons employed full or part time in occupational health in State
and local units in February 1961, 58 percent were in 6 States; the
remaining States had either no programs or inadequate ones. Al-
ready serious, the manpower shortage in occupational health is
expected to worsen.
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Great benefits have come from advances in science and technology
and from their application by our industries. These have not been
gained, however, without certain costs in terms of human values. If
we are to enjoy to the fullest extent the benefits from our modern
industrial society, these costs have to be better recognized, evaluated,
and reduced. The national effort in occupational health must be
directed to this end. Accordingly, an occupational health program
must have as its basic objectives:

1. Recognition of the influences and risks associated with occupations;

2. Evaluation of their effect upon human health and efficiency;

3. Development of preventive measures; and
4. Effective application of the knowledge so gained to industrial praciice.
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REPORT OF THE SUBCOMMITTEE ON
MANPOWER RESOURCES AND TRAINING

RECOMMENDATIONS

1. The divisional training program providing fellowships and
traineeships to students and training grants to universities should
be strengthened and augmented. In those instances where authority
to undertake these programs does not exist, such authority should be
sought by appropriate legislation.

2. A substantial program of environmental health institutional
grants to support those universities engaged in programs of graduate
education should be instituted.

3. Support for the training grant programs outlined in the fore-
going two recommendations should be increased as quickly as possible
to a level of $25 million,

4. There should be established, in the office of the Bureau Chief, a
unit responsible for the formulation of overall policy and adminis-
tration of the several training grants programs. This unit is essential
to assure an orderly development of the total program.

5. Other Federal agencies engaged in training activities should
take cognizance of the manpower demands which will be imposed
upon them by the rapidly expanding field of environmental health
and should adjust their programs to meet these new burdens.

MANPOWER REQUIREMENTS

The success of any human endeavor is closely related to the quality
of the manpower which can be brought to bear therein. The effective-
ness of the Public Health Service’s programs in environmental health
depends in no small measure on the availability of competent person-
nel in sufficient numbers to meet the tasks faced by the Service in this
field.

Review of the several subcommittee reports which deal with the
divisional programs of the Service’s Bureau of Environmental Health
indicate clearly that substantial deficiencies in manpower exist even
now and that this situation will be aggravated in the years immediately
ahead unless the training of additional personnel is vigorously pro-
moted and prosecuted.

The types of personnel needed for a comprehensive attack on the
problems of environmental health are delineated in the divisional sub-
committee reports. They include a broad range of individuals with
backgrounds in the physical and biomedical sciences, in mathematics,

39
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and in the social sciences. In the physical sciences, representation ex-
tends from classical physics and chemistry through meteorology, geo-
physics, and radiation physics to hydrology, oceanography, and sani-
tary engineering; in the biomedical sciences the personnel requirements
extend from molecular biology, botany, and microbiology through
biochemistry, pharmacology, and radiobiology to epidemiology, toxi-
cology, and the several medical disciplines. In mathematics, represen-
tation is required from classical mathematics through biomathematics
and statistics. And the very nature of the problems encountered in
environmental health makes essential the availability of personnel with
backgrounds in sociology, political science, anthropology, and
psychology.

The intellectual resources upon which environmental health may be
expected to draw are obviously extremely broad and extend well be-
yond those usually required in public health. Indeed, a large propor-
tion of the personnel needed by the Bureau of Environmental Health
in the years ahead must be sought outside of regular public health
channels. Particular emphasis must be placed on this point because
added burdens on the training programs of such agencies as the Na-
tional Science Foundation and the National Institutes of Health may
be expected in the near future. Hence, these agencies should prepare
now to meet the extra demands which a rapidly expanding environ-
mental health program will place upon them,

In table I are listed the current numbers of professional personnel
in each of several scientific categories working in the field of en-
vironmental health in the Service and in the Nation at large. It is
expected that, by 1970, more than twice these numbers will be required
in most categories and triple in some.

TABLE I
Professional discipline ¢ Public Hesalth Nation
Bervice
PRYBICE. e e et m—m——vam e m e 80 3, 400
10317251 115 8P 20 7,000
BIOlOBY o o v e memcia s dmm et e eicrcse e am e amrdm e m——— 145 2,000
MOECA] . o cce e cmemeee e mmme e ccmeeeesesmaeamamma———— 55 1,000
Enginesring ... cccccoeacmre e mmiecce e smemee e e ve———n 420 8, 500
Alled 80I8NEO8 .« e v e e o m e 140 5,000
TTOBAL. - e eeememmmevme e mm e s mman e ama e mmnmbmemmnne e e naan 030 26, 600

1These are professional disciplines of all levels of training.

It is noteworthy that, at the present time, the total national pool of
environmental health scientists is less than 2 percent of the sum of all
scientists, engineers, and teachers of science in the United States. It
may therefore be said that current environmental health programs
place little drain on the scientific personnel resources of the Nation.
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The requirements for additional environmental health personnel in
the future do not change this picture substantially. Indeed, the
growth of the total scientific manpower, projected by NSF,! in the
next decade is similar to that outlined above for the field of environ-
mental health.

To meet the substantial demands for trained personnel expected over
the next decade, the subcommittee believes that the Public Health
Service should take courageous leadership in the development of an
extensive range of training programs which provide not only for the
immediate technical needs of the Bureau of Environmental Health but
for its broad requirements as well. It is recommended that the divi-
sional training programs be augmented and strengthened as suggested
in the divisional subcommittee reports. In addition, however, the Sub-
committee strongly urges the Service to undertake a program of in-
stitutional grants in which support is given to universities to provide
comprehensive training in environmental health. In such programs,
each university would be expected to call upon its total resources in
many departments to train a broad range of students for environmental
health carriers,

The current training grant programs of the Public Health Service
are tabulated in table II. The institutional grant program just re-
ferred to would be an important additional component of this series

of programs,
TAwvLe II

Grants program - Where administered in PHS, presently !

Public Health Traineeship Program._ .. .oooooeeoo. Divialon of Community Health Practice, B8S,

Project QGrants for Graduate Training in Publie | Division of Community Health Practice, BBS,
Health,

Formula (rants to Bchools of Public Healthk. ...... Division of Community Health Practice, BSS,

Alr Pollution Traineeships. ... .o movomceeeenan Division of Community Health Practice, and Divi-

slon of Alr Pollution, BSS,

Alr Pollution Awards to Educationaland Training | Division of Community Health Practice and Divi-

Institutions, sion of Alr Pollution, BSS,
Grants for Training in Radiological Health.______. Division of Radiological Health, BSS.
Water S8upply and Pollution Control Training | Division of Water Supply and Pollution Control,
Grants, BA&8.
Graduate Tralning Grants. ... oooroeeooomeee.n Division of General Medical Batences (all 7 Institutes,
NIH),
Regular Research Fellowships. ....oo.oooeonaacaos Division of General Medical Sciences (all 7 Institutes,
NIH).
Health Research Facilities Grants.........ceeeaaen. Division of Research Grants, NIH,

1 B88, Bureau of State SBervices.
NIH, Natlonal Institutes of Health,

Presently the Public Health Service is spending approximately
$8.5 million for training grants activities, including facilities, in
environmental health. This support should be increased as rapidly
as possible to a level of $27.5 million if the manpower requirements of

3 Investing in Sclentific Progress. National Sclence Foundation Report, NBF 4127,
$27408—62—ung
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the next 10 years are to be fulfilled. These funds should be expended
in the form of institutional and departmental training grants and as
stipends to students to assist them to defray tuition and living costs.

At present, the various training grant programs are administered
differently and through a variety of organizational units. This has
sometimes resulted in an imbalance in one program relative to another.
It seems clear that coordinating mechanisms should be established to
assure an orderly development of the total program, composed as it
is of many interrelated parts.

When these mechanisms are set up, cognizance should be taken of
the close relationships which exist between the various divisional
programs and the types of personnel needed to be trained. These
mechanisms should therefore strengthen the divisional training pro-
grams as well as promote their coordination. An example of one way,
in which an orderly development of total program could be achieved,
is the establishment of a training grant unit composed of the directors
of the training grant operations in the Bureau and in each of the
divisions to formulate overall policy on the administration of training
grants in environmental health.

This unit could then intelligently take into account the relationships
of these programs with outside professional and technical societies,
the universities, and the scientific community in general. The various
grant programs should not be in competition with one another.
Therefore, overall coordination and administration of these programs
is essential to achieve maximum impact with the money being spent.

SHORT-TERM TRAINING

In addition to the academic training at professional levels of special-
ists for work in environmental health, there is great need for updating
those individuals already on the job. This is being accomplished by
a variety of inservice training programs, with special emphasis on
technical seminars and short courses ranging from 8 to 10 days to 12
weeks., Such updating and refinement of skills and competencies are
essential for all who work in this field—in the Public Health Service,
in State and local government, in industry, and in research,

Table ITI indicates present and estimated costs for inservice train-
ing of all types of environmental health personnel by the Public
Health Service.

TABLE 111
1056-61 1065
(inclusive) | (estimated)
Number trafned. . . oo ceeeeeercececmrcccccmacsaeccmecsnamaesnsaeanaas 14, 200 10, 000
LT 2P RSP $2, 250, 000 $2, 500, 000
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GRADUATE TRAINING OF STAFF

In addition to the short-term inservice training activities, the
Bureau should accelerate the formal academic outside-PHS graduate
training of its personnel. This is necessary as part of career develop-
ment and to further the professional competency of the staff. The
graduate training of 185 employees (to the M.S. and doctorate level)
over the last 7 years is noteworthy considering program levels. How-
ever, this effort must be increased to at least 8 to 5 percent (on a sliding
scale) of operating budgets. This type of program will not only
serve as a necessary training device but will attract new scientific
disciplines into the field.

In table IV are listed the immediate requirements to fund the several
training programs set forth above. As indicated heretofore, it is
hoped that these programs may be vigorously promoted and prose-
cuted. Unless this is done, the Service will be in serious danger of
failing to meet its responsibilities in environmental health.

TABLE IV
Program Immediate need
ISt b UtIONA] BPADES - o o oo oo oo eeee oo me e e e 5,000,000,
Training grants (faculty, facilitles, and student SUDPOLt) cccvmecmneeea-- $20,000,000,

Bhort~te{m inservice training for all types environmental health per- | $2,500,000,
sonnel,

Gradualt)e training (Public Health Service environmentsl health per- | 8 percent of operating budget.
sonnel),

PERSONNEL RECRUITMENT

Although the training programs discussed in the foregoing para-
graphs will go a long way to solve the manpower problems in en-
vironmental health, recruitment of these personnel into governmental
public health programs, particularly at the State and local levels,
may not be easy unless efforts are made to provide a better working
climate for environmental health scientists. This involves (a) the
development of an improved status for such scientists by greater
recognition of their importance by society and (b) the provision of
incomes more commensurate with their value to the health of the
nation. The surgeon general should make every possible effort to
promote those conditions which will bring about a better status and
improved income levels for scientists working in environmental health.



REPORT OF THE SUBCOMMITTEE ON
APPLIED MATHEMATICS AND STATISTICS

RECOMMENDATIONS

1. There should be a central facility to attack the problems of en-
vironmental health and to provide for services and activities needed
in this area.

2. This central facility should include staff and research facilities
to handle basic problems in environmental health and should provide
for research activities designed to unify divisional interests where
desirable, provide central services in the field of mathematics, sta-
tistics, and electronic data processing, and advise the Bureau chief
and the Director of the Environmental Health Center with respect
to the overall direction of research in environmental health.

3. This central facility should include:

a. An analysis group to review and conduct both laboratory and field studies
of interdivisional concern and to advise the Bureau chief in long range program
planning, priorities, and management. This analysis group should be provided .
with funding independent of divisional research budgets and should have both
long and short range objectives and projects. It should report directly to an
Environmental Health Center research director.

b. A consulting and research design group in the area of mathematics and
statistics to provide guidance to categorical programs for the wide range of
problems to be encountered and to insure that each of the Bureau programs
receives the maximum possible benefit from activities in other parts of the
Bureau and in other governmental units. Functions of this group should include
the refilnement and standardization of morbidity and other data relevant to
environmental health so as to enable the identification of environmental health
Problems. :

c. An electronic data processing group to service the Bureau and the Divisions
and to insure that the most modern and efficient data processing procedures
are followed throughout the Bureau.

4. There should be established an information storage and retrieval
activity as part of a library and information center at the Bureau
level. This information storage and retrieval facility should provide
a service to environmental health activities in air, water, food, occupa-
tional health, ete., and should utilize consulting services and data-
processing capabilities of the electronic data processing group and
the staff of mathematicians and statisticians at the Bureau level.

INTRODUCTION

This subcommittee felt that its recommendations should cover an
ares described in the report of the Study Group on the Mission and
Organization of the Public Health Service (June 1960) as Ecology

4
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and Systems Analysis. This activity involves the recognition of the
multiple causation of disease and the fact that there are many environ-
ments which may interact to affect the health of man. As was stated
in the reorganization report:

“Potentially toxic substances reach the population in intermittent,
minute exposures from many sources. One division of BEH may
assess the import of a given substance through one medium, another
through another medium. A combination of skills in ecology, epi-
demiology, toxicology, biometrics, and electronic and other analytic
gystems is required to establish comprehensive, baseline data as a foun-
dation for specific assessments.”

Three groups are recommended for the Environmental Health
Center. Their responsibilities will be as follows,

ANALYSIS GROUP

The primary purpose of this group is to engage in and develop
studies designed to clarify the relationship between the environment
and health and to explain the ecologic processes which affect the
quality of man’s environment. To define more clearly the broad
nature of the environmental health research in which the members of
this group will engage, the following examples are suggested :

1. Epidemiological study of the physiologic, economic, and social
effects on urban population of multiple and simultaneous, low-level
environmental exposures (e.g., oxidants in the air, industrial wastes
in water supply, radioactivity in foods), including study of the way
in which demographic and population factors either moderate or
heighten the effect of environmental hazards.

2. Consideration of the criteria and systems which should be recog-
nized by regional and metropolitan planning groups as necessary in
the control of air, water, food, radiological and industrial environ-
ments within a metropolitan regional or topographic area to provide
adequate utilization of natural and economic resources while safe-
gusrding man’s health.

8. Determination of the relationships hetween such variables as (a)
the air transport of radioactivity to cattle forage or food growing
areas, (b) the microclimate and general ecology of pastureland or
cropland, (¢) the accumulation of radionuclides in the milk of cattle
or other foods, (d) the mechanism and effects of subsequent uptake
and storage of such nuclides by man.

This group may also undertake, on request from the divisions, cer-
tain broad or theoretical research studies within the jurisdiction of a
gingle division. An example of such a study might be quantitative
and preferably mathematical definition of the importance of such
factors as: (1) Domestic and industrial water quality requirements,
(2) stream self-purification, (3) water treatment, (4) algal effects on
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dissolved oxygen, and (5) multiple use and reuse on the proper man-
agement of water resources. Similar studies might occur in occu-
pational health, environmental engineering, and in other areas.

The analysis group will also include long-range planning of en-
vironmental health research and advising the Bureau chief with
respect to the overall direction of research and field operations in the
light of Bureau objectives and functions.

Although not the primary mission for this group, its members
should be available on request for consultation with division represent-
atives and with members of the Environmental Health Center consult-
ing and research design group described below. It is important that
the analysis group not be charged with day-today operating responsi-
bilities and that it be allowed to view environmental health in the
broadest possible perspective. To insure this and to insure continuity
of studies and activities this group should be financed as a separate and
distinct activity and not be dependent upon divisional research
budgets. Itshould report directly to a Bureau level research director.

CONSULTING AND RESEARCH DESIGN GROUP

The basic effort for this group will be to provide consulting services
to statisticians and other research workers in the various divisions.
They will supply assistance and consultation with respect to the statis-
tical design of laboratory and field studies and the effective use of
electronic data processing equipment in statistical analysis. This
group will also engage in mathematical statistical research, and deal
with unsolved problems of the divisions. In addition, the members
of this group may engage in such primarily mathematical research as,
for example, the development of realistic mathematical representa-
tion of the processes of turbulent dispersion of pollutants in air,
water, and body fluids.

The Consulting and Research Design Group must have responsi-
bility for leadership in the development of uniform standards and
criteria for the adequate reporting of sickness patterns related to en-
vironmental hazards by local, State, and Federal agencies. It will
engage in the construction of morbidity indices, particularly those
which would take advantage of existing hospital, industrial, and other
records, to measure more accurately the effects of environmental
hazards on man’s health. This group must also assume responsibility
for insuring the usability of environmental health data produced by
other Federal agencies (e.g., Bureau of the Census, Bureau of Old Age
and Survivors Insurance).

ELECTRONIC COMPUTING AND DATA PROCESSING FACILITY

This should be a large-scale facility to serve the data processing
needs of divisional and Bureau activities, It will, in addition, keep
abreast of latest developments in electronic computing equipment and
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programing, including the development of automatic recording instru-
ments for laboratory and field investigations. This group will also
maintain liaison with the information retrieval activities of the library
and information center mentioned in Recommendation 4 of the
Subcommittee.

The establishment of this facility should not preclude the mainte-
nance at divisional level of mechanical data handling resources (e.g.,
keypunch, sorting, and tabulating equipment-—commonly called EAM
equipment) to meet small-scale immediate needs of the Division.

PROPOSED STAFFING AND BUDGET
AxNaLysis Grour

This group will require experienced competent professional investi-
gators and adequate supporting staff in such areas as epidemiology,
industrial medicine, industrial hygiene, toxicology, ecology, social
sciences, mathematics and mathematical statistics, operations research
and systems analysis, sanitary engineering, and physical chemistry.
It should operate as several groups with project leaders in specific
areas. Approximate initial staff requirements: 30 persons.

CoNsULTING AND REsEARCH DEsieN Grour

Staff for this group will include highly qualified individuals and
supporting staff in the areas of mathematics, applied mathematies,
mathematical statistics, biostatistics, records analysis and the social
sciences, including demography and population analysis. Approxi-
mate initial staff: 10 persons.

ComruriNg AND Data Procressing Facmurry

This group will include a director, assistant director and staff for
overall supervision of the facility and particular responsibility in the
areas of computer equipment and program development. The group
will also include systems analysts in the areas of computer systems,
information retrieval systems, statistical systems, and mathematical
systems, To each of these systems, analysts and computer programers
will be assigned as needed. In addition, adequate tabulating and sup-
porting staff will be needed. Approximate initial staff: 45 persons.

Toral ANNUAL BUDGETARY REQUIREMENTS

Personnel ..o $1, 275, 000
EDP and other equipment._ . _ e 900, 000



REPORT OoF THE SUBCOMMITTEE ON

PHARMACOLOGY, TOXICOLOGY,
PHYSIOLOGY, AND BIOCHEMISTRY

RECOMMENDATIONS

1. Expansion of intramural and extramural research efforts uti-
lizing the basic science disciplines of biochemistry, pharmacology,
physiology, and toxicology is recommended berause of the increasing
importance of chemical agents and radiation as causative factors in
environmental health problems.

2. A common denominator exists with respect to the basic science
approach to environmental health problems arising from any type of
exposure to chemical agents and radiation. It is, therefore, concluded
that future progress in the solution of many of the environmental
health problems can be made most efficiently and economically by con-
solidation of the major research activities within an environmental
health center. It is recommended that each of the major divisions of
the environmental health center contain the appropriate numbers of
toxicologists, biochemists, pharmacologists, and physiologists attached
to each division that are required for solution of immediate practical
problems. In addition to strong representation of diseiplines within
each division or problem area, the personnel of individual disciplines
should be brought together less formally but firmly on an interdivi-
sional basis. It would then be possible to take full advantage, for
example, of the contributions that a toxicologist or biochemist in air
pollution can make toward problems in water pollution, occupational
health, and radiobiology.

3. It is recommended that the environmental health center make
provisions for basic research in toxicology and other basic science
disciplines without reference to particular immediate problem areas.
The center should strive for national leadership in environmental
health, and to accomplish this objective it is essential that provisions
be made for personnel and facilities beyond those required for service
activities connected with the solution of specific immediate problems,

4. It is recommended that the environmental health center contain
a centralized group for storage and retrieval of toxicological informa-

tion as a service to the center itself, other public health laboratories,
- and the entire nation. ~

5. It is recommended that in consideration of any new field stations
or regional laboratories for environmental health activities attempts
should be made to locate them in close affiliation with universities to
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facilitate acquisition of personnel and to enhance the training oppor-
tunities in this field.

6. The proposed expansion of Public Health Service facilities and
activities in environmental health, together with the certain marked
expansion of toxicological work in industry and other Government
agencies as a result of existing and new legislation, makes it imperative
that the training of professional personnel in the basic biological
sciences be expanded. In connection with satisfying the increased
personnel requirements in the aspects of environmental health that
utilize the basic biological sciences during the next decade, the follow-
ing recommendations are made:

a. Expansion of training grant programs in departments of biochemlstry,
pharmacology, and physiology in medical schools, schoolg of public health, and
schools of veterinary medicine, particularly in those departments containing
staff members who are competent and interested in some aspect of environ-
mental health research.

b. Encouragement of selected schools of public health, medicine, and veterinary
medicine to establish departments of toxicology as a direct method of increasing
the output of professional toxicologists. Substantial Public Health Service
support would be needed initially for facilities and staff and the support of
predoctoral and postdoctoral students,

c. Expansion of research grant programs with long-term support for broad
programs on the basic aspects of toxicity measurements, mode of action and
treatment of polsoning. Research grant support to existing departments of
biochemistry, pharmacology, physiology, entomology, and food technology in
medical, public health and schools of agriculture will build effective research
groups within universities and contribute substantially to the total environ-
mental health research program and the training of scientists for careers in this
field.

d. Maintenance of a substantial inservice training program in the environ-

mental health center and regional laboratorles for the training of postdoctorates
and preprofessional personnel.

INTRODUCTION

During recent years marked changes have occurred in the nature of
environmental health problems. In the past, communicable diseases
were of principal concern, but a concentrated effort directed toward
acquisition of knowledge about their cause and the development of
effective control measures has led to a solution of most of these
problems.

During the past few years unprecedented technological advances in
the development and practical use of new chemical agents for a variety
of purposes, and expansion of atomic energy developments, have neces-
sitated radical changes in the approach to environmental health
problems.

Progress in the control of communicable diseases required intensive
efforts on the part of clinical investigators, with the supporting pre-
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clinical research contributed principally by the disciplines of microbi-
ology, pharmacology, and biochemistry.

The different nature of present and future environmental health
problems, which deal mainly with toxic chemical and physical agents,
places heavier responsibilities on the preclinical biological sciences
of toxicology, biochemistry, physiology, and pharmacology than at
any time in the past.

The development of plans for progress in solving future problems
in environmental health must take into account (&) an increasingly
greater dependence upon basic biological sciences, (&) the inadequate
supply of professionally trained personnel available for environmental
health activities, and (¢) the consequent necessity of markedly ex-
panding the recruitment and training efforts in the Public Health
Service and in university laboratories.

Many of the present environmental health problems involve ex-
posure of man to potentially harmful chemical and physical agents.
The exposures may occur as a result of air or water pollution, food
contamination, occupational exposure, or from a combination of these
sources. Although the source of exposure, the route of entrance of the
substance into the body and the nature of the injurious material may
differ, the underlying problem in each case is essentially the same, i.e.,
impairment of health through interference by chemicals or radiation
with normal cellular functions. A common denominator thus exists
for environmental health problems arising from any type of exposure
to toxic chemicals and radiation. Environmental health research
should, therefore, be organized on that basis.

In the field of occupational health there are many areas of research
in which scientists from the basic science disciplines of toxicology,
biochemistry, physiology, and pharmacology will in the future per-
form an important role. These problems include measurements of the
toxicology of gases, vapors, and aerosols, the toxicology of materials
acting upon or absorbed through the skin or absorbed from the gas-
trointestinal tract. The application of known techniques and the de-
velopment of new methods for interpretation of animal reactions and
for setting of tolerances for toxic substances must be given a great
deal of attention. |

In the field of water pollution the chronic toxicity of a large number
of synthetic chemicals which reach surface waters must be determined
to ascertain their long-term effects. Techniques for measuring the
long-term harmful effects of individual water contaminants and com-
binations of these chemicals must be developed.

Environmental health problems in air pollution are closely related
to those of water pollution and they demand a concerted effort toward
identification of the toxic materials and measurements of their toxicity
and physiological effects.
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In the area of food protection, toxicological studies on pesticides,
herbicides and other agricultural chemicals, on chemicals intentionally
added to food, endogenous toxicants and natural poisons are needed.

In the field of radiological health, the long-term effects of low levels
of radiation need much additional intensive study. Protective meas-
ures against radiation injury must be developed.

These examples represent only a few of the present and future
problems in which the basic science disciplines of biology must assume
an important role, and in which similar approaches at the laboratory
level are equally applicable to the problems regardless of their en-
vironmental origin. Environmental health problems concerned with
toxic chemical agents require laboratory investigations on experi-
mental animals. Laboratory investigations together with clinical
observations are essential for establishing the recommended conditions
for elimination of health hazards. An interdisciplinary approach by
the basic biological sciences is highly desirable for optimum progress.

TOXICOLOGY

Regardless of the source of the exposure or the type of toxic agent
under study, the modern toxicological approach includes identification
and analysis of chemical agents, detailed studies on the acute and
chronic toxicity in laboratory animals and attempts to develop anti-
dotal agents. The assistance of the toxicologists is also required in
the interpretation of experimental findings in terms of hazards to man
and in the establishment of tolerance levels. The present standard
procedures for measuring the toxicity of chemicals are costly and
laborious, and they require extensive facilities. However, there are
no known substitutes for these tests with sufficient reliability to re-
place the conventional procedures.

The rapid development of new chemicals to the stage of practical
application greatly outpaces the rate at which their toxicology can
be investigated by all organizations engaged in this activity, and this
trend is expected to continue. It is, therefore, essential to plan for
intramural and extramural efforts in toxicology for at least the next
decade. 'The plans for toxicology must also include basic research not
necessarily related to immediate environmental health problems.

The development of new methods, instruments, and approaches to
toxicological problems will require research, personnel, and facilities
far in excess of the needs for immediate practical problems. Ade-
quate provisions must be made for basic intramura] and extramural
research in toxicology. Planning for the future in this manner will
result in developments of ultimate value to practical problems and,

. if conducted under appropriate leadership, the basic research program
will contribute greatly toward stimulating the interest of competent
scientists to enter this field.
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BIOCHEMISTRY

An understanding of the deleterious actions of chemical agents and
radiation hazards requires the knowledge and skills of the biochemist.
Assessment of the potential health hazards of toxic agents to man is
aided significantly by the availability of information on their stor-
age, excretion, and metabolic fate. As part of an interdisciplinary
approach to environmental health problems the potential contributions
of biochemistry cannot be overemphasized,

Basic research on the precise mode of action of toxic agents can be
expected to provide the soundest foundation for assessment of health
hazards and for the development of specific methods of treatment.
Biochemistry has already accomplished a great deal in explaining
the mode of action of toxic agents on the basis of their interference
with enzymatic reactions. Adequate provisions should be made for
the use of this discipline in both intramural and extramural research
activities because of its importance in solving practical problems and
its great potential value for attracting personnel into training and
careers in environmental health research,

PHYSIOLOGY AND PHARMACOLOGY

The nature of exposure of man to some chemical agents such as air
pollutants, skin irritants and industrial airborne poisons demands the
use of experimental methods of physiology and pharmacology for
the assessment of health hazards.

Measurements of the actions of environmental chemicals on the
function of intact organs and the general physiological functions of
the intact animal constitute an essential step in the development of
required information on toxic agents. Measurements that employ
physiological and pharmacological techniques are essential to bridge
the gap in information that sometimes occurs in understanding toxi-
cological and biochemical findings as they relate to functional activity
of the intact organism.

There are numerous environmental health problems that do not
involve exposure to toxic chemical agents in which the techniques of
physiology are required to properly assess the degree of hazard, Phys-
iology plays an important role in gaining an understanding of the
stressful effects of physical factors such as heat, light, noise, and
work. A tremendous amount of additional effort is needed utilizing
the techniques of experimental physiology to study the influence of
these physical factors alone and in combination with one another
and in combination with chemical agents on health and work
performance,

The role which these disciplines have played in the training of per-
sonnel for careers in environmental health must also be considered in
the long range plans. Provisions must, therefore, be made for siz-
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able efforts in both of these disciplines in future plans for both intra-
mural and extramural environmental health research activities.

FACILITIES AND TRAINING NEEDS

Satisfactory progress with the humerous problems in environmental
health that involve the discipline of toxicology, biochemistry, phar-
macology, and physiology requires a marked expansion and full coor-
dination of facilities and manpower within the Public Health Service
and development and material expansion of research and training
in universities through strong extramural support.

The development of coordinated efforts in overlapping divisions of
environmental health must be accomplished to utilize the basic bio-
logical sciences advantageously within the Public Health Service and
in universities. Such developments could be accomplished by the fol-
lowing organizations and programs:

Pusric Heavta Service ENvIRONMENTAL Heavra CeENTER

As indicated above the problems of environmental health involving
exposure to toxic chemicals have many similarities with respect to
application of the disciplines of the basic biological sciences. Estab-
lishment of an environmental health center would bring together the
problems and disciplines in such a manner that accelerated progress
could be expected in all phases of environmental health. Toxicology,
biochemistry, physiology, and pharmacology should all be appropri-
ately recognized and represented in the center.

Provisions should be made for a strong toxicology unit to engage
in toxicological examination of chemical compounds, and to perform
analytical work and other services directly related to the immediate
problems of each division. Development of a strong research com-
ponent in toxicology is essential for new ideas and approachs to toxi-
cological problems. If the center strives for national leadership in
this field, its stature will be enhanced; an outstanding effort in toxi-
cology would serve as a strong stimulus to outside institutions and
attraction of competent personnel into the center for training and
experience would be assured.

The organizational structure for toxicology within the center should
involve attachment of toxicologists to each division for designation
of their primary responsibilities. In addition, however, there should
be some interdivisional organization of all personnel within the center
into disciplinary groups for mutual benefit to the entire program and
to the members of each discipline.

The center should have a toxicology information group for the
storage and retrieval of data not only for the benefit of the center but
also for use by other Public Health laboratories and institutions

throughout the Nation.
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The discipline of biochemistry should be represented in each major
subdivision of the center. The solution of problems involving chem-
ical analysis, and the tissue storage and fate of toxic agents will be
greatly aided by appropriate activity of a biochemical nature.
Furthermore, a strong biochemical research component will permit
application of advances in biochemistry to investigations of the mode
of action of toxic chemicals and to rational development of antidotal
procedures, Basic research of this type will serve an important na-
tional need and will stimulate interest in problems of environmental
health outside the center.

Physiology and pharmacology must also be considered as important
disciplines for inclusion in all major units of the environmental health
center. Adequate representation of these fields is essential to insure
thorough studies on the influence of toxic agents and injurious phys-
ical factors on the physiological functions of intact animals. Basic re-
search aimed at methods for elucidating toxic effects in intact animals
and organ systems should be included in the plans for these disciplines.

Rraronar, Environventarn Heants LABORATORIES

The environmental health center should maintain sufficient flexi-
bility in its program and structure to permit a change in emphasis
toward important new problems when they arise in order to exert &
stimulating influence on environmental health activities throughout
the Nation. It is anticipated that changes in emphasis will have to
take place from time to time even though other problems are not yet
completely solved. ,

The center should be supplemented by the creation of regional

laboratories placed in geographical locations with special consideration
for sites with longstanding environmental health problems. For ex-
ample, in geographical areas where air or water pollution is a continu-
ing problem, service functions such as analyses and some localized
research activities could be transferred to the regional laboratory and
thus free the staff and facilities of the center to undertake new
problems of national importance.
_ Inregional laboratories it would be expected that disciplines provid-
Ing analytical chemists and toxicologists would generally be required,
but the facilities and personnel requirements might vary considerably
depending upon the particular problems under consideration and the
amount of research to be included in the programs of these labora-
tories. Affiliation of these laboratories with, or in close juxtaposition
to, universities should be considered whenever possible because of the
value of such an arrangement in the recruiting of personnel, the possi-
bility of attracting students into environmental health research, and
the availability of consultation services.
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UNtversiTy RESEARCH AND TRAINING PROGRAMS IN
ExvironmenTAL HEALTH

The present demand for professional personnel trained in the basic
biological sciences with orientation toward careers in environmental
health activities greatly exceeds the supply. This situation will con-
tinue to exist and to become more acute unless new mechanisms are
instituted for increasing entrance of students into this field.

At the present time toxicologists are trained within the facilities
and by the staff of other disciplines, usually in departments of pharma-
cology. However, a sizable number of departments of pharma-
cology in medical and veterinary schools have no graduate training
programs of any type. In those departments which do have graduate
programs the training and interests of the staff members are diversi-
fied and are often centered on activities quite far removed from en-
vironmental health research. As a result, relatively little space of
effort is devoted to toxicology in the majority of the departments of
pharmacology.

The output of trained toxicologists by other disciplines is sporadic
and small in comparison with the needs. New mechanisms for the
training of toxicologists are, therefors, urgently needed. Progress in
this connection could be achieved by encouraging schools of medicine,
public health, and veterinary medicine to recognize toxicology as an
independent scientific discipline and, with the aid of extramural
Public Health Service support, to provide facilities and staff for train-
ing and research programs in this field. Initially, the staffing of these
departments would necessitate drawing upon the resources of bio-
chemistry, physiology, and pharmacology until toxicology becomes
self-sustaining.

A second mechanism for increasing the supply of toxicologists and
personnel for the biochemical, physiological, and pharmacological
aspects of environmental health could be the establishment of environ-
mental health research and training programs or centers in univer-
sities. The centers should be organized in such a manner as to draw
upon specialists from the various disciplines who would direct their
efforts toward an integrated approach to environmental health re-
search programs. They would contribute not only to the solution of

“important public health problems but also to the training of inves-
tigators for this field. They could readily be located in medical,
veterinary, and schools of public health with financial support being
provided by the Public Health Service to selected institutions.

ResEaRCH GRANTS IN ENVIRONMENTAL HearTn

Continuous expansion of research grant programs in various aspects
of environmental health is necessary. The encouragement of individ-
uals in existing departments of pharmacology, biochemistry, physi-
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ology, food technology, and entomology to undertake research in the
area of environmental health must be continued. The value of the
efforts of individual scientists in furthering knowledge of toxic sub-
stances, developing improved methods of experimentation, and in the
training of students in this field has been well established. Expansion
of these efforts should be encouraged particularly when research of
a basic nature is being conducted.

627408—62—5 ;



REPORT OF THE SUBCOMMITTEE ON

ANALYTICAL METHODS AND
INSTRUMENTATION

RECOMMENDATIONS

The subcommittee recommends:

1. That the needs of the several categorical programs would best
be served by the provision of a center within which the common
analytical requirements could be housed and the associated operational
staffs maintained. Not only would the individual divisional efforts
be facilitated by assurance of maximal use-efficiency and maintenance
of highly qualified operating staff, but the wise management of such
& focal point would assure the interdivisional contact essential to
effective consideration of the integrated environment on human health
and welfare.

2. That the center be staffed with scientists and engineers of the
best available competence to design analytical equipment and methods
to meet the research and operational needs of the program, and to
test, modify, and standardize the use of advanced instruments and
methods evolved by others. The magnitude of such activity should be
restricted, however, to that which is required to supplement and main-
tain close contact with, instrumentation development by industry, and
to plan and direct intelligently a strong extramural contract program.
To conduct the indicated operations well equipped instrument design
and model shops, and machine, electronic, glassworking, and other
fabrication facilities will be required. Such central capability would
supplement, and in no sense limit, the development of divisonal capa-
bilities for prosecuting assigned activities.

3. That the Center facilities be so organized and managed as to
provide working tools for study of the integrated effects of simul-
taneous, or consecutive, multiple environmental impacts on health
and welfare.

4. That the central environmental health facility be so designed as
to provide for prompt and economical adjustment of analytical rou-
tines to the fluctuating requirements of research and program opera-
tions.

5. That field laboratories or operational centers be similarly de-
signed for ease of adaptation to changing analytical technology.
While the advantages of consolidation of instrumental and analytical
facilities for the several programs in field stations are the same as those
applicable to the national center, it seems likely that these advantages

59
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will have to be compromised because appropriate locales for one type
of activity will not always be appropriate to another; e.g., field opera-
tions in air pollution will not usually be geographically related to
those required by water pollution.

6. That surveillance networks be developed to maintain knowledge
of quality levels for air, water, and radiation. The emphasis should
be on rugged, dependable automatic monitors reporting through nor-
mal communications circuits to field centers and to a national data
processing and analysis center.

7. That a central training facility and appropriate regional centers
for training be equipped with basic analytical instruments and labora-
tories necessary to provide instruction in the changing procedures of
environmental health measurement and control operations.

8. That provision be made for the development and maintenance
of a central bank of analytical reference standards pertinent to the
several categorical programs of the Public Health Service, and that
these standards be available to State and local agencies.

9. That procedures are needed for recognizing early biological
damage resulting from single or multiple environmental exposure.

10. That the instrumental aspects and analytical facilities of the
national center be developed progressively, first to strengthen and
make more effective the respective divisional programs and subse-
quently to emphasize the concern with simultaneous multiple environ-
mental impacts.

11. That the analytical and instrumental capability of the Service
be strengthened by reliance on and close program coordination with
other Federal agencies engaged in method standardization and the
design and development of instrumentation, such as the National
Bureau of Standards, the Department of Agriculture, and the Atomic
Energy Commission.

INTRODUCTION

The effectiveness of research, surveillance, and preventive actions
in all parts of the Environmental Health Program will be related
to the adequacy, reliability, and speed of methods for measurement of
environmental variables and biological responses thereto, and on the
skill with which they are used. 'While such a conclusion is too obvious
to require defense, its implications with respect to an integrated ap-
proach to environmental health are worthy of careful consideration.

The analytical needs of the several divisional programs differ sub-
stantially, yet have common elements which suggest the economy and
efficiency of a unified, or closely coordinated, geographically central-
ized facility for methods development, evaluation, standardization,
and demonstration, and for joint utilization of certain costly research
implements. On the other hand, no consolidation of methods re-
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search, and no transfer of responsibility for such work should be so
complete as to limit the fundamental responsibility of those concerned
with the environmental problem. Such actions should supplement
and facilitate the work of the problem oriented divisions; they should
be available on demand but have no overriding functions.

FACILITY REQUIREMENTS OF THE PROGRAMS

Warer ResoURCES

Within the scope of current legislative authorizations, the Water
Pollution and Water Supply Program of the Public Health Service
has several identifiable functions involving analytical and instru-
mental needs:

a. Research and development.

b. Surveillance (the gathering and processing of basic data on water
quality and water supply).

¢. Field demonstrations.

d. Training.

This program involves emphasis on field facilities for decentralized
research on problems unique to specified geographical areas and for
regional surveillance, demonstration, and training activities. It also
includes research of general applicability, training functions best per-
formed at a central location, and technological support to headquar-
ters operations including enforcement. The need for continuous
surveillance of water qualities and quantities in relation to variable
waste discharge and other factors requires a monitoring system cap-
able of supplying measured values to a central data processing and
analytical center. Similar or additional data developed by local,
State, or other Federal agencies should also be transmitted to the
central facility to provide the basis for interpretation and preventive
action,

Am PorvuTion

In distinct contrast with the needs of the Water Supply and Pollu-
tion Control Program, the Air Pollution Program of the Public
Health Service can best be prosecuted from a strongly centralized re-
search, training, and technical support facility, Field functions will
probably be served largely by contract or grant to academic and other
non-Public Health Service agencies. Monitoring of air quality will
require operation of a network of sampling and analytical facilities;
some fraction of this should be the direct responsibility of the Public
Health Service and be national in scope, although it is expected that
detailed local reconnaissance will continue to be the responsibility of
State and local governments. The latter will rely on the Service for

_guidance in choice of methods and instruments. Data from all sources
will need to be processed promptly and meaningfully by a centralized
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facility in the interest of effective control action by responsible
agencies.

Raprovoercar, Heavta

The Radiological Health Program of the Public Health Service is
so intimately related to concurrent programs of the Atomic Energy
Commission and other Federal agencies that a research training and
program operating facility in close geographic and administrative
relationship to these activities is indicated. In addition to a strong
focal center, the program requires field facilities related to decen-
tralized operations of the related agencies. These will not, in most
cases, be located in proximity to field sites utilized by other divisions
of the Environmental Health Program. Certain monitoring require-
ments may be met by sampling and measurement in coordination with
similar air and water monitoring activities, but the program will have
additional and quite independent needs for surveillance. Analytical
and instrumental needs for radiological health training will differ
substantially from those required by most other categorical programs.
Even so, centralization with other elements of the Environmental
Health Program could result in economies of manpower and money
at least in the provision of basic maintenance and modification of
services. Surveillance data should be reported to some central facility
for interpretation and evaluation in terms of other environmental
parameters and effects.

Mmnx anp Foop

This program will require a complete facility for the evaluation of
the effects of technological processing on foodstuffs, from production
to consumption, and for the development of quality analyses, deter-
mination of the physiological impact of food variables, epidemiologi-
cal analyses, development and standardization of microbiological
procedures, and for both basic and applied research aimed toward
understanding and control of foodborne disease. The variety and
temporal variability of the problems requires a well-equipped and
flexible facility for attaching them as they occur, and provision for
fluidity in surveillance rather than fixed or “regional” locations. In
general, field laboratories should be of an ad hoc nature, e.g., for
local study of shellfish pollution, or evaluation of local agricultural
practices as related to foodborne toxic substances. Their best loca-
tion will usually not coincide with the field facilities required by other
Environmental Health Programs.
OccuratioNar HeanTe

This program differs in philosophical orientation from that of
other divisional interests, in that it is concerned primarily with the
health of workers and is therefore more dependent on facilities for
the prosecution of work in the medical sciences. Its relationship to
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environmental health is, nevertheless, natural since the working
environment is implicitly the etiological system with which the pro-
gram is concerned.

Requirements for analytical and instrumental facilities will be
closely parallel with those of other programs concerned with air,
food, radiation exposure, sanitation, and other aspects of the occupa-
tional milieu. Beyond this there is a need for facilities usually asso-
ciated with medical research, including provision for clinical studies.

The in-house functions of this program are well adapted to close
coordination with cognate portions of the Environmental Health
Program and would be benefited by close association in a National
Center. Field functions, on the other hand, must be related to the
existence of worker groups and epidemiological and clinical facilities,
and will not normally be well served by integration into regional
environmental health units.

ExnvironMENTAL ENGINEERING

This program is responsible for several highly important areas of
environmental health not yet assigned to divisional programs. As
presently constituted, these activities will be served best by a cen-
tralized research, service, and training center providing close and
comprehensive coordination with the categorical activities. Field
operational bases may well be associated with field centers of other
environmental health programs.

TYPES OF ANALYTICAL METHODS AND INSTRUMENTATION
REQUIREMENTS

It is evident that each of the divisional programs has need for a
focal facility for its own use, whether directly associated with the
others or not. It is also apparent that the needs for analytical capa-
bility and instrumentation, while by no means identical, have large
elements in common:

1, Organic and inorganic analysis, including a capability for determination
of trace quantities, and for the analysis of large numbers of samples in a
short time.

2, Radiation analysis, including a capability for low-level measurements and
for determination of specific radionuclides rapidly and in large numbers,

8. Toxicologic and pharmacologic analyses; capability for tissue analyses,
bhysiological measurements, bjochemical analyses, behavioral analysis, and
Pathologic examinations including the structure analysis.

4. Data reception, processing and analysis; each national program will depend
for fts guidance on a capability for gathering, receiving, processing and analysis
of information as to changes occurring in the environment.

5. Methods Development: each area requires a capability for development
and standardization of analytical procedures to be used in its own program,
and in the programs of State and local agencies,

8. Instrument Development and Maintenance : each program will have increas-
ing need of a capability for in-bouse development, adaptation, and maintenance
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of analytical instrumentation, including both research and fleld monitoring
devices. Substantial competence and well-equipped shops will be required even
though primary reliance for instrument development should be delegated to the
scientific instrument industry. Effective coordination with the latter requires
adequate in-house capability.

H. Supporting shops, drafting, art, printing and reproduction, and other
technical services.

The many major areas of common need suggest immediately the
establishment of a center for joint use to avoid duplication and to
insure maximal efficiency in operation. Unquestionably such central-
ized supporting facility could yield substantial benefits in scope and
quality of service rendered. The success of the aggregate would,
however, depend more on the administrative skill with which it is
managed than on the assemblage itself. If handled judiciously it
could serve well the needs of the Nation; if permitted to function
as a “center” not strictly subservient to the categorical programs, it
could become just another ineffectual splinter related to the total
effort.

Apart from the analytical and instrumentation needs common, in
principle, to the divisions, there is an enormous diversity of require-
ment not directly relatable to the Center concept. Outstanding in
this category are the following:

1. The research and development instrumentation required to prosecute indi-
vidual study projects within each of the divisional areas of responsibility.
These may be lecated within a Center, or at regional or fleld centers. [They
will be of great variety and will become obsolete and replaceable as related
technology advances. Apart from the fact that thelr geographical juxtaposition
would facilitate informational transfer among their operators, the location of
the equipment would be of little consequence.

2. Monitoring Instrumentation: At least three of the divisional programs
(water, air, radiological health) have a growing need for surveillance networks
based on automatic or semiantomatic sampling, analytical, and recording de-
vices. A reasonable expectation is that such monitors be telemetered to a
central data processing facility.

The instruments themselves will, for the most part, have to be developed
to a degree of dependability, service life, compactness, and low cost not now
available. Wherever possible the design should contemplate multiple function
units. Current technological trends suggest miniaturization, and the employ-
ment of solid state circuit components for prolonged reliability.

Radiation monitoring is a more advanced art than is the monitoring of
material pollutants; in consequence & proportionately greater developmental
capability will be required to place air pollution and water pollution monitors
into fleld operation. TUntil they are developed and tested, data on these pollut-
ants will have to be obtained less efliciently and at much greater cost by
manual sampling and analysis.

3. Analytical Facilities and Instrumentation for Training: Instruction in
analytical techniques and instrumentation, employed in environmental control
programs, will require separate and distinctly different equipment for each
categorical program whether the training is conducted centrally or at field sites.



REPORT OF THE SUBCOMMITTEE ON
AIR POLLUTION

CONCLUSIONS AND RECOMMENDATIONS
Foreworp

The need for a dynamic program in air pollution as a component
part of a National Environmental Health Center is evident from a
study of the magnitude and complexity of this problem. Develop-
ment of a strong centralized program is believed to be a necessary
prerequisite to the effective utilization of regional or local field stations
by the Federal Government.

Air pollution affects the health and well-being, the productive effort,
the convenience and happiness of millions of citizens in hundreds of
communities throughout the country. Air pollution is not confined
by political boundaries—and its chemical, medical, and physical com-
plexities are as yet poorly defined. It is a problem involving gaseous
emissions and mixtures of gases and particles of many kirlds from
many sources. Enough is known concerning the nature and serious-
ness of the problem in some urban centers to cause concern that it
may be more important than is generally recognized and that it may
be expected to become more serious with urban growth and the de-
velopment of new technology. The urgency of this matter is further
highlighted by the fact that the air-pollution problems of the next
25 to 50 years are being created by present urban construction and
planning, by product development, and by present sociological trends.

A national network of observers and investigators, coordinated and
directed from a highly specialized air-pollution research and opera-
tions center, is needed to detect and develop methods of controlling
air pollution at its source, or, lacking preventive measures, to develop
protective devices and systems for the protection of exposed popula-
tions. Research, surveillance, and training programs of the highest
order and technical assistance to State and local governmental agen-
cies are needed. Also needed is the development of strong research
and training centers in universities.

The Subcommittee, in carrying out its responsibilities, discussed
fully its findings and recommendations with the National Advisory
Committee on Community Air Pollution. In addition, the Sub-
committee reviewed the policies and proposals made by several national
groups representing the public and governmental officials, including
the Council of State Governments, the U.S. Conference of Mayors,
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the American Municipal Association, and the National Association
of County Officials, These groups have formally proposed a centrally
integrated air-pollution program by the Federal Government capable
of exerting leadership and providing technical assistance and material
and financial support to local governments in the solution of their
air-pollution problems.

In the light of these considerations, and in order to meet the needs,
the recommendations of the Subcommittee contemplate a central,
integrated air-pollution program, equipped with adequate facilities
of its own and utilizing, as required, existing supplemental resources
throughout the country. This program should be capable of provid-
ing national leadership through the mechanism of research grants,
contracts, and direct Public Health Service operations. These
include:

a. The use of existing and the development of new university-based research
and training resources assisted by research grants and contracts,

b. The use of other qualified public and private organizations through the
same mechanism ; and

¢. The use of existing or future Public Health Service field stations for specific
studies and operations where other solutions to the problems are not avallable.

The Subcommittee concludes that the Public Health Service, in
order to fulfill its obligation of providing national leadership in the
field of air pollution, requires a national air-pollution research, train-
ing, and operations center, located geographically close to the central
administrative offices of the Service. It further concludes, since there
are many elements scientifically and operationally common to the con-
trol of air pollution and other environmental health programs, that
a National Environmenta]l Health Center in which the various pro-
grams are closely associated geographically, scientifically, and ad-
ministratively is an urgent necessity.

Sercrrio CoONCLUSIONS AND RECOMMENDATIONS

1. The Subcommittee on Air Pollution takes cognizance of the re-
search recommendations contained in the 1960 report of the Surgeon
General’s Task Group entitled “National Goals in Air Pollution Re-
search” and concludes that this provides the basic plan of needed
research and time phasing. The Subcommittee believes, however,
that the level of support recommended in.each of the areas outlined
in that report is minimal, and concludes that among areas currently
needing particular emphas1s by the Public Health Service are the
following:

a. Intensified studlies of time and space variability of urban pollution levels
under various source, topographic, and meteorologic conditions,

d. The specific interrelationships of air pollution and the soclal and economie
development of communities in urban areas.
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¢. Increased emphasis on development of adequate automsatic instrumentation
and procedures for identification and measurement of air pollutants by the
Public Health Service.

d. Extension and intensification of the studies of interreactions of pollutants

in the atmosphere.
e. Increased studies on synergistic effects of pollutants on physical and biologi-

cal systems.

2. The Subcommittee has inquired into the current facilities avail-
able to the Public Health Service for the conduct of its intramural
research program in air pollution as outlined in “National Goals in
Air Pollution Research” and supplemented above, and concludes that
these are grossly inadequate to carry out the research program rec-
ommended. It further concludes that the present geographic separa-
tion of the central core research program from the operations and
administrative elements is a handicap to the fulfillment of the mis-
sion of the Service in air-pollution control.

3. The Subcommittee concludes that there is a lack of sufficient
numbers of trained personnel to carry on adequate air-pollution pro-
grams nationally and recommends that the Public Health Service
devote increased attention to the training of research, technical, and
administrative personnel. It is recommended that such training as-
sistance continue to be both intramural and through training grants
to universities and other qualified institutions. The Committee con-
cludes that the existing intramural training program also suffers
from inadequate facilities and from geographical separation from the
administrative and operations parts of the program. It further con-
cludes that the program could be made more effective by fuller asso-
ciation with the intramural training programs in other fields of
environmental health. This association could be best achieved in the
recommended National Environmental Health Center.

4. The Subcommittee has examined, in addition to the research
and training functions, the present operational functions, including
technical assistance, of the Public Health Service air-pollution pro-
gram, and concludes that it is soundly conceived and, within the re-
sources available, effectively executed. It concludes, however, that
the program is handicapped by the lack of adequate physical facili-
ties in which to operate and by the separation of the administrative
and intramural research parts of the program.

5. The Subcommittee concludes that the attainment of the objec-
tive would be better assured by centralized interdisciplinary technical
efforts as recommended for the National Environmental Health Cen-
ter. The Subcommittee further concludes that greater emphasis
should be placed on the application of existing knowledge in the
control of air pollution and recommends that for this purpose the
Public Health Service provide increased stimulatlon and assistance
to State and local governments.
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Among the areas in which the Public Health Service must provide
leadership and technical and financial assistance are:

a. Appraisal of present and potential air-pollution levels in specific localities
and their probable effects.

b. Stimulation of local participation in air-pollution abatement from the
administrative, legal, and sociological points of view.

¢. Provision of improved methods and instruments for recording emissions,
atmospheric levels of pollutants, and effects of pollution.

d. Administrative procedures useful in combating interjurisdictional problems
due to large-scale dispersion of pollutants.

e. Analysis of meteorological conditions in specific areas and relationships to
border regions,

One of the means for the attainment of these cobjectives is grants
for specific projects to stimulate the development, improvement, and
extension of local air-pollution-control programs by State and com-
munity agencies.

6. The Subcommittee recommends that the Public Health Service
assume the responsibility for the development of recommended air
quality standards based on scientific information, to guide communi-
ties in the establishment and conduct of control programs.

7. The Subcommittee recommends that the Public Health Service
assume the leadership in the development of standardized methods
for sampling, analysis, and recording of air pollutants.

8. The Subcommittee concludes that the funds available to the
Public Health Service in the past have been distributed so as to obtain
a reasonable balance among research, training, and operations activi-
ties in the air-pollution program. In the Subcommittee’s considered
judgment, the further needed development of the air-pollution pro-
gram will require the progressive increases in research, training, and
operations, including technical assistance, as heretofore outlined and
as tabulated below:

Millions of Dollars
Year 1056 1060 1062 1088 1 10661 19701
Research. oo oot 1,52 4.80 7.82 12.0 16.0 16.0
Tralning 3 i vam————— .04 .25 .87 15 5.0 5.0
OParations e oo cccmmrm e W17 .30 .61 14,0 $12.0 115.0
b Y RN 1.73 5.20 8.80 17.5 33.0 86.0

1 Lavels of sxpenditurs recommended by the Subcommlittes, with appropriats reco soommend
th; E’?w:ﬂ Ge{neral'adﬁommi‘cmﬂl “N?titi\lsala Gu;l:hln Al:e Pollullo: R?.o’unh.” .:::lon of the r ations of
matea of expenditures for ng in and thereafter include oosta for {alined ressa
and teachers, for graduate iraining of persons in specifis disciplines in control aperations. mdt:ﬁ:::.ugg w:jc:‘:?r::;
and technical personnel. The Bubcommitiee considers It important that the ssheduling of the varlous of training
be'o_er{nahd witheﬂeoa:idgmgon ?ffno:ldl'for vsrig:? c_:lumd ‘rleld‘lag time for 'uurric':’v.iuum development, and other {astors.
o increases refleot A jonal funds for gran o or ® PUrposs ol 90 dln‘ Illlltnan d".‘o roen
provement, and extension of local air-poliution programa. P o in P b, im-

The Subcommittee feels strongly that there has been a marked im-
balance in regard to facilities for this rapidly expanding program
which has been faced with so many demands. No funds have been
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appropriated to the Service for air-pollution facilities, and such ex-
pansion as has been accomplished, through rental of quarters and
temporary construction, has of necessity been at the expense of pro-
gram operations and research activities. The advantages of such a
facility are covered in greater detail hereafter.

9, The Subcommittee has examined the research, training, and op-
erations programs of the Division of Air Pollution in relation to other
environmental health programs of the Public Health Service and
concludes that the coordination and integration of these various
programs will:

a. Bffect savings, promote the prevention of undesirable duplication, facilitate
the sharing of knowledge and the exchange of ideas, and achieve a broader
coverage of studies;

b. Make for a more productive research program and provide a more stimu-
lating and effective training program; and

o. Provide for more efficlent operations, all of which are designed to reduce
the effect on humans and on the community of a wide varlety of environmental
pollutants in air, water, and focd. The Committee concludes that among the

additional benefits to the air-pollution program of such an asgociation are the
following:

(1) Increase in the llkelihood of attracting and retaining personnel of outstanding

ability who would be capable of evaluating all available information on air pollution and
of acting as a focal point for the total national effort.

{2) Among the facets of environmental health related to air poliution now relatively
underdeveloped that would be attacked more effectively by close association of the varlous
brograms are bloclimatology, meteorological factors In relation to air pollution, relationship
of indoor to outdoor atmosphereic environment, and the role of natural resource use such as
agriculture and forestry in relation to air pellution.

{8) Provision of centralized services and resources that would be beyond the reach of
any single Divislon, such as centralized Instrumentation and analysis functions, computer
operations and data processing, publiec Information services, graphic arts services, experi-
mental animal supplies, and central administrative services,

The contemplated Center should be funded and staffed to permit the
maximum stimulation and utilization of the total national resources
for research, training, and operations in the solution of environmental
health problems. The Center should be staffed with a core group of
topflight personnel in the various disciplines, which would be engaged
in activities of planning, stimulation, coordination, evaluation, pro-
vision of scientific leadership, and conduct of research, training, and
operations programs of national relevance. The Subcommittes, at
the same time, is cognizant that certain highly specialized functions
and services would of necessity have to continue to be specific-
program-oriented and directly associated with such programs.

10. The Subcommittee recommends that, in order to meet the grow-
ing need for Federal action to achieve the above objectives in the field
of air-pollution control, there be established at the earliest possible
time an air-pollution facility for research, training, and operations.
Ideally, this facility would be part of a National Environmental
Health Center provided this does not result in undue delay.
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INTRODUCTION
Avurnority For Prooram

As an entity, the air-pollution program of the Public Health Service
dates only from 1955. In that year, Public Law 159 was enacted by
the 84th Congress. It directs the Public Health Service to engage in
a program of research, technical assistance, and training in relation to
air pollution. The Act authorizes direct activities by the Service and
their support through grants and contracts; it directs the Service to
cooperate with and assist public and private organizations and to col-
lect and disseminate information relating to air pollution and its
control.

A second Act passed by the Congress in 1960, Public Law 86-493,
directs the Public Health Service to conduct a thorough study to de-
termine the amounts and kinds of substances which, from the stand-
point of human health, it is safe for motor vehicles to discharge to the
atmosphere and to report thereon to the Congress not later than
June 1962.

In addition to these two specific laws, there is authority for the con-
duct of air-pollution-program activity in the basic Public Health Serv-
ice Act, particularly Section 301, which authorizes the conduct and
support of research concerned with the diseases and impairments of
man.

For reasons which will appear later, the Subcommittee believes that
present authority isinadequate.

Scope, PuiLosorHY, AND OBJECTIVES OF THE PROGRAM

The Public Health Service air-pollution program to date has been
based on the philosophy that the basic responsibility for the regula-
tory control of air pollution rests with the States and local govern-
ments, and that the Federal role should be a supporting one of research
technical assistance to public and private organizations, and training
of technical personnel.

The basic objectives of the program are threefold: (1) to improve
the status of knowledge about the causes and effects of air pollution and
about the means of controlling it within acceptable limits; (2) to apply
our present and future knowledge to the actual control of air pol-
lutants through technical assistance to States, communities, and in-
dustry; and (3) to stimulate all levels of government, industry, and
the general public to devote increased attention and greater resources
to the prevention and control of air pollution.

If present needs to cope with this problem are to be met, a signifi-
cant expansion in the scope of the air-pollution program is urgently
required.
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NATURE AND EXTENT OF THE AIR POLLUTION PROBLEM

A1r A8 A NaToraL REsource

The pollution of one of our most important natural resources—the
air we breathe—has become a matter of national concern. Kxcept
for natural causes, polluted air is a product of industrialization, ur-
banization, and human mobility, all of which will continue to increase
rapidly in the years ahead. The concern with air pollution in urban
areas relates to the emission of a variety of gases and particles, often
followed by secondary reactions in the air. The pollutants come from
the fuels we burn in home and factory and in transporting ourselves
and our goods, from the production and processing of materials in
mine and factory, from our consumption of products, and from our
disposal of unwanted waste materials.

The concentration of pollutants in the air at any time depends upon
the interplay of many factors, such as the quantity being emitted, the
vertical and horizontal dispersion of the pollutants from the sources,
and the chemical and physical reactions that pollutants undergo be-
fore and after dispersion. Recent evidence has made clear that all
metropolitan areas have limited air resources. Even in areas where
the meteorological conditions are favorable, air resources are being
heavily utilized, and in many cases acceptable concentration limits
have been exceeded. The only recourse is source control. A combi-
nation of atmospheric capacity and the economic feasibility of control
therefore will limit the air utilization and even the maximum size of
a community. '

In any specific area, the atmosphere has only limited capacity to
dilute and disperse contaminants discharged to it before they can cause
undesirable effects, Thus, the air must be regarded as an important
and limited natural resource, whose quality must be conserved in the
common interest.

A1 PorLuTioN AND HEALTH

That air pollutants can affect health has been demonstrated dramat-
ically in several disasters in which many people were made ill and
human deaths occurred. A growing body of circumstantial evidence
testifies that long-term, low-level air pollution can contribute to and
aggravate certain chronic diseases. Any evidence which points to
differences in morbidity or mortality due to air pollution must be
followed up in order, if possible, to relate specific health effects to
specific pollutants or classes of pollutants.

The long-term effects of air pollution on man and other biologic
systems must be quantitated accurately in order to establish the neces-
sity, feasibility, and economic practicability of control measures de-
signed to abate these effects. Research is still sorely handicapped by
the lack of technics sensitive enough to detect minimal changes. To
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determine the levels of air pollutants above which biologic effects can
be expected, extensive toxicologic, pharmacologic, and physiologic in-
vestigations will be needed.

Since the respiratory tract is the portal of entry for inhaled sub-
stances, an intense effort has been directed toward pulmonary function
testing as an indicator of the physiologic status of exposed subjects.
However, until pulmonary function testing is standardized, epidemio-
logic studies which rely on such measurements as an index of physio-
logic changes have little comparability.

The industrial threshold limits which have been set up for many of
the individual compounds present in the outside air are probably in
most cases too high for community residents, who include the most
sensitive persons and who endure more or less constant exposure over
a lifetime. Information is required about the toxicity, either acute or
chronic, and the synergistic effects of pollutants in the various combi-
nations in which they may occur in community air,

‘We know the acute lethal dose of ozene and the morbid pathology of
chronic inhalation in various laboratory animals. But no one has
studied human populations long exposed to small amounts of ozone.

In most cases earlier studies on air pollutants have been carried out
on realistically high concentrations and have been concerned chiefly
with lethal effects or extremely crude measurements on physiologic
or psychologic consequences. This approach is of relatively little
value and it is most urgent to extend laboratory studies of air pollu-
tion to meaningful levels using much more systematic and informative
techniques for the evaluation of their effects. In many cases these
diagnostic techniques themselves will need development.

Many air pollutants require such study in respect to the nitrogen
oxides, for example. Little if anything has been ascertained about
time-dose relationships or about the systemic changes from long ex-
posures to low concentrations of nitrogen oxides, even in laboratory
animals. Nitrogen oxide is said to have an affinity 800,000 times
greater than oxygen and 1,000 times greater than carbon monoxide for
hemoglobin j the significance of this for actual exposure needs study.

Decreased production of specific antibodies and decreased resistance
to infectious disease were described many years ago in animals ex-
posed to nitrogen oxides for prolonged periods, but such experiments
need to be repeated with lower doses over longer periods, with an eye
not to such gross changes as survival time and mortality rate, but to
mors elusive immunologic phenomena. Additive and even synergistic
offects between nitrogen dioxide and carbon monoxide were shown
more than a quarter of a century ago.

A well-established biologic effect of smog is eye irritation. We
know that human panels exposed to irradiated mixtures of individual
hydrocarbons and nitrogen dioxide experience eye irritation. Appar-
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ently a number of factors in the original mixture determine the
occurrence and the degree of eye irritation, and the reaction products
considered to be mainly responsible are formaldehyde, acrolein, and
peroxyacyl nitrate.

Because a number of statistical studies have indicated a higher inci-
dence of lung cancer in urban than in rural areas and because such well
known experimental carcinogens as benzpyrene have been found in
community air, the finger of suspicion has been pointing for some time
to atmospheric benzpyrene and related aromatic polycyclic hydro-
carbons as at least contributory etiologic agents in lung cancer. Cer-
tainly, it does not seem possible to attribute the alarming increase in
its incidence to smoking alone. Besides the controversial statistical
association, a growing body of experimental evidence incriminates
atmospheric hydrocarbons. Benzpyrene, detected in significant quan-
tities in the air of U.S. cities, is sufficiently stable in air to permit its
being inhaled by community residents. In animals exposed to smog
and then to soot, particles are precipitated and retained on the injured
bronchial epithelium, allowing a high local concentration of hydro-
carbons carried on soot. Although carcinogens are biologically in-
effective while absorbed on soot, oxidants and human plasma are
capable of eluting them from soot-laden lungs. All organic fractions
of airborne particulate matter from U.S. cities are capable of pro-
ducing local skin tumors after subcutaneous injection in mice, and
chronic low-level exposures seems to be more injurious than brief
heavy exposure. Animals exposed to both the virus of influenza and
inhalation of ozonized gasoline develop true epidermoid cancers in
the lung. :

A causal relationship has also been suggested between air pollution
and the group of chronic obstructive ventilatory diseases which appear
to be increasing in incidence in this country as industrialization in-
creases. Isolated research findings—that asthmatic attacks occur
more frequently on days with smog damage to plants; that emphysema
patients improve on breathing filtered air after severals days’ exposure
to smog ; and that the daily course of patients with chronic obstructive
respiratory disease fluctuates with certain pollutant levels—strengthen
the conviction held by many experts in the field that these indicated
relationships may be important leads to definitive knowledge, leads
that should be vigorously pursued.

CurreENT STATUS OF
Amr Porrurron CoNTROL

Our present knowledge about the health effects of air pollution and
some of the steps needed to expand that knowledge were reviewed in
the preceding section. In addition, air pollution’s economic effects—
damage to crops, animals, and structures—are manifest and we need

62740862~
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to learn much more ahout these and to measure them much more ac-
curately than we have so far attempted to do.

We can also greatly expand our knowledge of effective control
methods, Nevertheless, the national application of what we now
know about controlling air pollutants is unsatisfactory. Engineering
procedures are known that can be used fo control or prevent the emis-
sion of most pollutants, with some notable and important exceptions.
The application of these procedures has been primarily pragmatic—
based on judgments of what is technically and economically feasible.
National expenditures for such controls, including oferation and
maintenance, are estimated to total $300-$400 million annually—a
figure to be compared with the estimated annual economc damage of
$7.5 billion, plus the unknown costs of effects upon health. Our sur-
veys indicate that local government or regional regulatory control
programs provide service to approximately 45 percent of the popula-
tion resident in urban areas which have air-pollution problems, In
many of these, however, the program is minimal. The average annual
expenditure for these official programs amounts to about 10 cents per
capita as compared to perhaps 40 cents for a reasonably comprehensive
program. '

Areas Neepinag FurTHER RESEARCH

Identification and measurement of pollutants: Although some prog-
ress has been made in identifying and measuring general classes of
pollutants, there is real need for intensive research into methods for
identifying and measuring general classes of pollutants; there is real
need for intensive research into methods for identifying and meas-
uring the individual substances that make up these classes. Simpler
and less expensive procedures are needed for this purpose.

Our knowledge is far from complete regarding air pollutants: their
identity and quantity; the specific sources from which they derive;
factors governing their dispersion and chemical and physical changes
in the atmosphere; their effects, singly and in combination. Methods
of measuring the physical state as well as the chemical composition
of pollutants are needed. _

Continuing source appraisals: We are concerned with pollution
arising from domestic, municipal, and industrial sources. These pol-
lutants in general are the end products of combustion, the products
of incomplete combustion, and the emissions from various types of
process industries. Technological development continually alters the
types of emissions from chemical processing and from manufacturing
and other industrial sources. The precise direction in which these
changes will occur cannot be predicted, but the fact that they will
occur is certain, emphasizing the need for continuing source appraisals.

The role of motor vehicles: One ubiquitous source of air pollution
is the motor vehicle. In all urban aregs, motor-vehicle emissions are
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in varying degrees already a significant source of pollution. Current
trends in their use suggest that motor vehicles may become an even
more significant source of pollution. The interrelationship between
hydrocarbons and oxides of nitrogen when photochemical air pollution
(smog) is produced in the presence of sunlight needs further elucida-
tion. The role of particulates in the formation of smog and the
mechanism by which smog irritates the eyes and causes damage to
vegetation will require further research.

Photochemical smog: The formation of ozone and other oxidants
characteristic of photochemical smog is known to result from reactions
among gases at concentrations of a very low order, at which they are
relatively innocuous. Control of such secondary reactions requires
identification of the participating primary pollutants and determi-
nation of the relative importance of each in the photochemical proc-
esses. Changing technology necessitates fundamental studies in photo-
chemistry. The identification of primary reactants associated with
secondary toxicants will facilitate the development of more effective
and less costly controls. Adequate knowledge of the intermediate
and secondary products must be acquired before their biologic effects
can be determined.

Meteorology: A fundamental scientific problem is that of establish-
ing suitable relationships between meteorological parameters and dis-
persive capacities. These relationships are necessary to predict the
three-dimensional distribution of airborne material, under a wide
variety of weather conditions, emitted from sources of known charac-
teristics. Objective determination of reasonable emission rates and
the degree of control required for single sources in a given community
are dependent to a considerable extent on this research.

Economic losses : Estimates of losses due to air pollution to date have
been largely guesses, and studies are required that will provide a sound
basis for future estimates of national losses from (1) damage to crops
and livestock, horticultural products, and other types of vegetation;
(2) corrosion of materials and soiling of surfaces; and (3) interference
with ground and air transportation. Economic losses due to the
expenses of illness and diminished productivity resulting from air
pollution are completely unknown, as are the effects of pollution upon
the general well-being of healthy individuals. .

Studies are also required to identify specific causative agents of
economic damage, their mechanisms and rates of action, their effective
concentrations, and the costs of control, as a further basis for the
development of adequate control measures and acceptable levels of
pollutants in community air.

Control procedures: There are control methods available today for
many of the known sources of pollution. In many cases, however,
effective control methods are not yet economically feasible, either by
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process design and modification or through the installation of specific
equipment. Considerable expansion of research on the fundamental
aspects of control is needed, as well as on the development of appli-
cable devices, so that the use of control methods will be more wide-
spread and acceptable from an economic viewpoint.

APPLICATION OF EXISTING KNOWLEDGE

Greater emphasis must be placed on the application of existing
knowledge—and of new knowledge as it is developed—if research is
to bear fruit in the form of control or abatement of air pollution.
Toward this end, it has now become quite clear that the Federal pro-
gram should provide greater stimulation and assistance to States and
local governments in (1) appraising their air-pollution problem;
(2) initiating or further developing their legislative authority; (3)
organizing effective air-pollution-control agencies; and (4) develop-
ing “tailored” control programs to meet special needs. Plans have
been developed for possible future Federal financial assistance to States
and communities through a program of matching grants and ex-
panded technical assistance activities to stimulate increased applica-
tion of knowledge at the State and local levels.

If Federal stimulation of States and communities to control air
pollution through regulation at the local level should fail to achieve
the desired results, it may become necessary at a future date to seek
some measure of direct Federal regulation.

Lastly, an expanded national research and application program
will depend upon the availability of trained personnel to staff it. The
numbers of such personnel are now woefully inadequate, and this
lack will be accentuated as expansion occurs,

TECHNICAL ASSIsSTANCE ROLE OF THE PuBLIC HRALTH SERVICE

In a large majority of the jurisdictions which need control activity,
State and local programs are nonexistent at present, or are grossly
inadequate. Technieal work in the field directed toward appraisal
of problems and development of solutions is at a level far below that
required for maintenance of an acceptable level of air quality, Over
the next few years, the broad objectives of the technical assistance
activity will be to assist States and communities in appraising overall
problems and in developing “tailored” control programs, and to pro-
vide technical consultation on specialized problems. Cooperative
Federal-State-local demonstration projects will be used to foster and
facilitate program development and to provide some of the informa-
tion upon which to base program design. In general, the Public
Health Service activity will be directed toward helping initiate pro-
grams and toward providing tools and techniques in a form useful in
attaining this end. Also, in order to provide a stimulus for this
needed State and local control activity and render initial support in
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surveying problems and in operating control programs, provision
would be made for Federal grants to State and local agencies for these
purposes.

In the more distant future, as State and local programs develop,
greater emphasis can be given to assistance in the more technical
aspects of air pollution control.

Socian AsPecTs

Among the areas which currently need special emphasis by the
Public Health Service are the specific interrelationships of air pollu-
tion and the social and economic development of communities in urban
areas.

In the structure of the American federal system of government,
problems of intergovernmental relations are most marked, varied, and
difficult in the large metropolitan areas, where the activities of all
levels of government function in close proximity. Within such areas,
Federal, State, county and municipal agencies, often supplemented by
a host of special-purpose units of local government, must carry on
their functions in close juxtaposition, subject to an extremely com-
plicated framework of Federal, State, and local laws and administra-
tive regulations. Obviously, it is the responsibility of government at
all levels collectively to deal effectively with the problem of air pol-
lution, which, unfortunately, does not respect lines of political
jurisdiction.

We have a continuing concentration of population and economic
activity in the metropolitan areas. As an example, it should be noted
that the 1960 Census of Population found nearly two-thirds of the
entire population of the United States residing within metropolitan
areas—112.9 million persons of the nationwide total of 179.3 million.
The 212 areas recognized as “metropolitan” in 1960 accounted for 84
percent of all the increase in the Nation’s population during the 1950-
60 decade. For these areas, the growth was 23.6 million persons, or
26 percent, while the population of the remainder of the country
changed only from 62 to 66.4 million, an increase of 7 percent.

It is also in these growing metropolitan areas, of course, that most
of the more serious air pollution problems arise. A question of some
sociological importance is why many of these areas fail to provide
adequate funds for the control of air pollution, It is doubtful that
the citizens of our metropolitan areas have accepted air pollution as a
desirable attribute of a high-density society. The desire for “clean
air” is universal, but it is necessary to provide a focus for action to
meet the problem., In this connection, the Division of Air Pollution
now has on its staff a sociologist who, among other things, will attempt
to determine the views of the citizens of various communities and the
best mechanism to translate the individual latent wishes into desirable
action for the general welfare.
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EcoNoxic AspecTs

The metropolitan areas of the United States account for the major
portion of the country’s economic activity, As of June 1960, metro-
politan areas accounted for 78.6 percent of all bank deposits in the
United States. In 1958, metropolitan areas accounted for more than
three-fourths (76.8 percent) of the value added by manufacture, con-
tained 67.2 percent of the country’s manufacturing establishments, and
accounted for 73.8 percent of the total number of industrial employees
and 78.5 percent of all manufacturing payrolls. Of the total amount
of value added by manufacture in that year, 55.2 percent was attribut-
able to 40 major metropolitan areas, in which 52 percent of all indus-
trial establishments were located, with 62.8 percent of industrial em-
ployees and 57.1 percent of the payrolls. Furthermore, a major portion
of building activity in the Nation takes place in metropolitan areas.
In 1959 and again in 1960, 69 percent of all “housing starts” occurred
in these areas.

The Diviston of Air Pollution, recognizing the economic damage,
estimated in excess of §7.5 billion annually, is interested in the devel-
opment of technics and methodology to more accurately assess such
costs, To meet this need, interest has been engendered in some
academic institutions to undertake such investigations by applying
for a research grant. Studies of the problem on a short-term basis
to evaluate the nature and scope of the economic aspects of air pollu-
tion have been completed. There remains the need for further inves-
tigation of this aspect by employing the services of a full-time
economist.

LEecisLATIVE ASPECTS

For a variety of reasons, the Division of Air Pollution must devote
considerable attention to the consideration of the legal basis for local
control problems. In many cases the existing legislation is antiquated
and fails to provide for sound administration. Compounding this
problem, many metropolitan territories are not within the limits of
any one political unit of government. Many cross State boundary
lines—and their polluted air, of course, crosses even more freely-—so
that adequate control requires interstate action.

Moreover, the problem may be simply too large for individual com-
munities. Photochemical smog, for example, which results largely
from motor vehicle emissions, is obviously a problem of nationwide
importance. It isa present Federal responsibility to provide informa-
tion which will enable communities to deal with this and other sources
of pollutants, but this one cannot be dealt with in any one community.
Ultimately, this is a problem of control and at present no Federal
authority exists to take care of it. '

The Division of Air Pollution hag prepared and distributed digests
of State laws and guiding principles for new legislation. There are
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many legislative needs to be met. Effective local action requires that
the State governments permit greater flexibility and freedom of action
for local units of government and provide for modification of re-
sponsibilities among such units in the best interests of the area as a
whole. Most significant action by States would be legislation which
provided, at least within the confines of metropolitan areas, for the
joint exercise of common powers or for entering into contractual
arrangements. In some cases the creation of functional authorities
would be desirable.

Of considerable significance are the problems of financing and staff-
ing local control agencies. Although about one-half of the core cities
of metropolitan areas have specific air pollution legislation, repeated
surveys have demonstrated that more than half of all funds now being
expended by local governments on this account are within the single
State of California.

On the national level, it appears essential that the State and local
agencies of government receive financial as well as technical assist-
ance to initiate or strengthen existing air pollution control programs.
This would furnish an opportunity to provide Federal leadership
at all levels of government. Legislation of this type has been under
consideration and is now awaiting introductory and legislative actions.

The effective exercise of the various activities indicated here should
be performed by the Division of Air Pollution. However, there are
circumstances, particularly in relationships with outside organiza-
tions, where a coordinated approach would be desirable.

ROLES OF PUBLIC AGENCIES AND PRIVATE INSTITUTIONS AND
ORGANIZATIONS

The respective roles of the Federal Government, the States and
communities, and industry were clearly set forth by the Surgeon
General ’s Ad Hoc Task Group on Air Pollution Research Goals as
follows:

Ag to the nature and extent of the research to be funded, the Federal Govern-
ment should be largely responsible for research of a broad nature and of general
applicability throughout the country, and for the training of specialized personnel.
In addition, the Federal Government should have primary responsibility for
development of information required to establish air quality standards, and for
the collection and distribution of information,

The States and communities have a responsibility to support research on prob-
lems of primary interest to them, and to survey and evaluate conttnuously or
intermittently the air pollution problems within their respective jurisdictions.

Although industry’s responsibility for reséarch In alr pollution extends in
varying degree to all the goals, the major contribution to be expected of industry
relates primarily to the development of adequate and economical control equip-
ment and procedures. As used In this Report, industry is intended to include
business, commercial, manufacturing, and other actlvities involved in the produc-
tion and the exchange of goods. This definition would inelude agricultural, real
estate (e.g., apartment houses), and Government agencies when these are sources
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of air pollution. The control of contaminants at industrial sources is solely
the responsibility of the industry concerned. It is reasonable fo assume, there-
fore, that the cost of research involved in the development of control processes
and equipment is largely the responsibility of industry. To realize the maximum
return on industry’s investment in air pollution research, perhaps even to qualify
it as a contribution to the national effort, requires that the information obtained
by industry be available for integration with the general fund of knowledge,

Funds from private sources such as research foundations and philanthropie
organizations may also be available. A number of voluntary organizations,
particularly those concerned with health research, have a real stake in this
matter and should be encouraged to participate fully. The role of the universi-
tles and nonprofit regearch institutes will largely be confined to the conduct of
research, the education and training of personnel, and the provision of con-
sulting services. With the exception of some State-supported universities, these
organizations cannot be expected to provide significant support for research on
air pollution problems with their own funds.

Although this Report is concerned only with responsibilities for research, the
committee is not unmindful that the full costs of enforcement will £fall on the
States and communities and that the entire cost of control of industrial sources
must be borne by industry. On the other hand it must be realized that all such
costs are ultimately borne by the public, so that in the final analysis it becomes
a matter of how much society is willing to pay for research, control, and en-
forcement to maintain a clean and healthful environment,

PHS ResEarcH

As a result of increasing concern over air pollution and its effects on
health, the Public Health Service recently conferred added strength
and recognition upon its two existing Air Pollution Programs by
combining them into a single unit with Division status. On Septem-
ber 1, 1960, the Air Pollution Medical Program and the Air Pollution
Engineering Program were consolidated in a new Division of Air
Pollution, consisting of five Branches: (1) Laboratory of Engineer-
ing and Physical Sciences, (2) Laboratory of Medical and Biological
Sciences, (3) Field Studies Branch, (4) Technical Assistance Branch,
and (5) Research and Training Grants Branch. Creation of this
Division provides a sharp focus for activities both within and outside
the Public Health Service and a more comprehensive, interdisciplinary
approach in research, technical assistance, and training.

The nature and range of research projects conducted or sponsored
by the Public Health Service can best be indicated by a brief review
of some typical studies which were actually underway during fiscal
year 1961,

Motor vehicle emissions: Following the approval, late in fiscal year
1960, of Public Law 86-493—which directs the Public Health Service
to make a thorough study and report to Congress by June 1962 on
the health effects of motor vehicle emissions—the Division of Air Pol-
Iution has sharply accelerated its research in this area.

In one group of studies, colonies of experimental animals are being
exposed in the laboratory to irradiated and nonirradiated motor ve-
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hicle exhaust and to concentrations of auto exhaust pollutants as they
occur in the ambient air on city streets.

In large cities, arrangements were completed for continuous meas-
urement of exhaust-related gaseous pollutants to determine their
ranges of concentration. In three cities, lead in the ambient air, and
blood and urine levels of selected population groups, are being meas-
ured for correlation with traffic density and other parameters.

To help determine the pollutant contributions of gasoline- and
diesel-powered trucks and buses, their operating modes are being sur-
veyed in several cities. The particulate fraction of gasoline and diesel
engine exhaust is also being analyzed for a variety of polynuclear
hydrocarbons and oxygenates for correlation with analyses of potential
carcinogens in emissions from other combustion sources. A coopera-
tive survey is under way in Los Angeles to determine exhaust con-
centrations of hydrocarbons, carbon monoxides, carbon dioxide, and
nitrogen oxides in a representative sample of registered motor vehicles
under prescribed operating conditions.

Other research activities: In 50 stations of the National Air Sam-
pling Network, gaseous pollutants such as sulfur dioxide and oxides of
nitrogen are now being sampled. Formerly, only particulates were
sampled.

Further advances were made in designing and improving instru-
ments for sampling pollutants or assessing their effects; for example,
a portable transistorized particle counter and size analyzer. For
industrial-type installations, improved filter devices were developed.
Chemical research was oriented toward analytic methods for aromatic
and aliphatic hydrocarbons and inorganic gases.

A forecasting network throughout 36 States east of the Rockies was
developed and research is in progress to provide a basis for extending
the service to the Western States. A nationwide network has been
set up to determine atmospheric turbidity. A program has been
initiated whereby tetroons can be tracked by radar to indicate the
trajectory of pollutant material. Further work was done on the
chemical analysis of precipitation and on pollen sampling.

Special sampling for assay of potential cancer agents was conducted
in six cities. The previously developed analytic technic for measur-
ing certain potential carcinogens, particularly 3,4-benzpyrene, was
applied to air samples of 103 cities and 28 nonurban sites; city levels
averaged 18 times those found in nonurban areas. To further gage
the potential carcinogenicity of polluted atmosphere, the geographic
distribution of lung cancer according to the histological type of tumor
is being studied to test the theory that the different cell types may
result from different causative agents.

The following are typical of many field studies of air pollumon’s
health effects, Tests in a large industrial firm indicated a relation-
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ship between absenteeism due to certain respiratory diseases and total
sulfate pollution in the air. Further study of Nashville survey results
disclosed a similar association between asthmatic attacks and air-
borne sulfates. In studies of two small towns, which differed only
in the degree of air pollution prevalent, preliminary analysis of data
suggests corresponding differences in the residents’ lung function and
breathing capacity.

Laboratory studies on health effects were also expanded. In further
animal studies, conjugated nitroolefins were found to be potent irri-
tants, with not only eyes and respiratory tracts affected but also cir-
culatory and nervous systems. An especially significant study revealed
that the resistance of mice to respiratory infection was markedly
decreased after exposure to ozone, as demonstrated by increased mor-
tality rate and lowered survival time. Pulmonary function tests re-
vealed that human beings exposed under laboratory conditions to
certain inhaled substances experienced reactions similar to those de-
seribed in animals.

ResearcH GRANTS

Nature and scope of ourrent grants: Research grants which were
supported during fiscal year 1961 can be grouped as to subject matter
and cost, as follows:

Bubiject Granis Cost

Epidemiological and Other S8tudies Involving Human Belngs. . coeooeeeana.. 10 $405, 159
BStudies Involving Laboratory Animals, Protozoa, and Tissue Cultures...... 13 241,904
Btndies Involving Plants, Including Algaeand Fungl.._ .. ... o vivunne.. 8 288, 107
Meteor0lOgY oo vecme e eiir e anvm e mrcm et metr et mae e aen e m e m————— 4 64, 839
Baste and Applied Chemistry of Afr Pollutlon .. .. 18 426, 640
Analysis and Identification of Air Pollutants. o oo ocooer e eaaeeees 15 271, 761
Oontrol Deviees. oo erc e mm e e 5 84,333

POLAYS. e nvcmvcmecmmemcamcmemc s entmamasemeawamesssmessreacmesmceenes 73 1,788,793

The present research grant program appears to be fairly well bal-
anced and broad enough in scope to support research in the biomedical
and physical sciences related to the physical environment. In the
above areas, a stepped-up effort is indicated.

Other areas of research requiring grant support: The total needs
of an adequate air pollution control program also include research
activities in the social sciences {economics, sociology, and community
planning) and the humanities (law). A general research grants pro-
gram in these areas should be initiated consistent with program needs.
There are in addition two general areas of need in the field of research
grants which are of primary importance. The first is for a substantial
increase and acceleration of program-oriented research, research di-
rected toward solving specific practical problems. The second is for
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more bagic research in areas which may provide fundamental informa-
tion useful in the resolution of air pollution research problems,

The respective roles of the Bureau of Environmental Health and
the National Institutes of Health: Aslong as the Division of Research
Grants acts as the initial receipt and assignment office for Public
Health Service research grant proposals, there should be a minimal
overlap in the support of programs of the several Bureau of Environ-
mental Health divisions and the National Institutes of Health insti-
tutes and divisions. Criteria of referral for research grant applica-
tions have been developed to delineate the program interests of these
several organizations. Those related to environmental health are out-
lined in Public Health Service publication No. 870 entitled “Research
Grants in Environmental Health.,” In those cases where a given grant
may be supported by more than one program, it receives the ultimate
program assignment after negotiations between program representa-
tives concerned. This system should be continued as it appears to be
most successful. In the environmenta] health programs, there should
be constant communication between the Divisions and the Bureau
office to determine areas of most needed emphasis.

ResEarcH SuppPORTED BY OTHERS

Other Federal agencies: Federal agencies other than the Public
Health Service which have sponsored air pollution investigations in
cooperation with the Service include the Atomic Energy Commission,
the Bureau of Mines, the Bureau of Standards, the Department of
Agriculture, the Library of Congress, the Department of Defense, and
the Department of the Air Force.

States: Outside the Federal Government the State of California
has been the largest supporter of medical research, with projects
totaling approximately $250,000. These include population surveys
in California, studies of lung function, and research relative to the
setting of air quality standards. Cooperatively with the Service,
medical research studies are under way with partial support from
Erie County and New York State in the Buffalo area and from the
State of New Jersey in Jersey City.

In general, activities engaged in by States and localities are more
directly concerned with air sampling technics and control devices
aimed at ameliorating local problems, although the effects upon
agriculture are also being studied through State-supported research
stations. If additional Research Grants and Contract funds become
available there would undoubtedly be greater participation on the
part of the States.

Industry: With a few exceptions research by industry has been
primarily on control measures. A few industrial groups or individual
companies have from time to time sponsored specific projects at a
number of universities, institutes of technology, and research institutes,
concerned largely with determining the smog-forming potential of
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their own operations and with developing economical methods of re-
ducing emissions from these operations.

According to available information, the total research expenditures
for the automobile industry have approximated $1 million annually,
with the greater part devoted to research on auto exhaust control
devices as a consequence of the acute problem in California.

Expenditures for the study of agricultural problems resulting from
air pollution have been contributed by several directly interested in-
dustrial groups but, as far as can be ascertained, these appear to have
been mainly for field monitoring in the vicinity of various plants
rather than for fundamental research.

The American Petroleum Institute and the Automobile Manufac-
turers Association, through the Coordinating Research Council, under-
took studies of automobile exhaust gases. The combined expenditures
of API, Western Oil & Gas Association, and numerous individual com-
panies for fundamental research are said to exceed $1 million annually.

In 1960 the petroleum industry announced a program for 1961 in re-
search on new equipment aimed at the better combustion of fuel oil and
distillates. Research projects supported by the petroleum industry
include development of new tools and technics; air analysis programs;
characterization of chemicals present in gasoline; research in photo-
chemistry at the Franklin Institute; studies on the effect in photo-
atmospheric materials upon vegetation at the University of California,
Riverside; and the development of specific devices for control of re-
finery emissions.

Very recently two manufacturers of lead additives for gasoline
indicated their desire to support a cooperative project on the relation
between atmospheric lead and auto exhaust to be conducted by the
Kettering Laboratory in Cincinnati.

The fourth edition of “Guide to Regearch in Air Pollution,” pub-
lished recently by the American Society of Mechanical Engineers and
developed jointly with the Division of Air Pollution is the most up
to date (calendar year 1959) tabulation of Air Pollution research
throughout the United States.

TrAINING

Ingramural training : The Air Pollution Training Activities Section
of the Division of Air Pollution participates in the overall training
program at the Robert A. Taft Sanitary Engineering Center, Cin-
cinnati, Ohio. This Section designs and presents short-term technical
courses based on the needs of professional people at the point of
practical application, Tn scope these courses cover the analytical,
survey, control, medical, and meteorological aspects of air pollution.
Field courses are given throughout the country to professional persons
in the field of air pollution and to technical and nontechnical personnel
from organizations which have need for a broad understanding of the
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current problems of community air pollution. This Section also offers
consultation services to university staffs on the design and conduct of
air pollution courses.

Current program: In fiscal year 1962, 13 residence courses are
scheduled for presentation, with an expected enrollment of 260 pro-
fessional personnel. The broad 2-week course, “Community Air Pollu-
tion,” will be presented twice during the year. Other 2-week courses
which will be offered include such highly specialized courses as
“Atmospheric Survey,” “Microscopic Analysis of Atmospheric
Particulates,” ‘“Analysis of Atmospheric Organics,” “Control of
Particulate and Gaseous Pollutants,” and “Particulate Pollutant Con-
trol.” Courses of shorter duration will include “Sampling and
Identification of Aeroallergens,” “Medical and Biological Aspects of
Air Pollution,” “Radioactive Pollutants in Air,” “Analysis of Atmos-
pheric Inorganics,” “Meteorological Aspects of Air Pollution,” and
“Source Sampling for Atmospheric Pollutants.”

Also scheduled for fiscal year 1962 are two Summer Training In-
stitutes: one on “Atmospheric Particulate Sampling” to be given at
Rutgers, the second on “Control of Particulate Emissions” to be given
at the California Institute of Technology. Also, an “Orientation in
Air Pollution” is to be presented in Denver, Colo.

Additional needs: The number of short courses offered by the Public
Health Service and the number of persons enrolled in the courses have
shown a steady increase over the past several years. There is a need,
however, for further amplification of this centralized training. This
type of training also should be expanded on a decentralized, regional
basis by the Public Health Service, and should be offered by universities
in the form of extension-type curricula.

The existing intramural training program also suffers from inade-
quate facilities and from geographical separation from the administra-
tive and operations parts of the program. The program could be made
more effective by fuller association with the intramural training pro-
grams in other fields of Environmental Health, This association could
be best achieved in the recommended National Environmental Health
Center,

Training grants: Assuming satisfactory progress, the estimated
needs for air pollution personnel by 1970 may be summarized as
follows:

Total Speclally
Activity o)
Lol L0 B L0 ) TSSO 7,500 2,000
AU Y - . oo ce e eemeameinoteamsanmmemmm s —amm—an . ——————— 7, 500 2,000
F LT e PP 3,000 1,500
YT V- O 100 100
POl remsmeenrasennsnseanmsssnnaseneniacemsnmmmansaennessnaansanmnnnn 18,100 5,600
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The above estimate of 1970 needs calls for the addition of approxi-
mately 4,000 specially-trained individuals to the number currently
working in this field.

Personnel working in the fields of air pollution research and control
must be drawn from a wide variety of disciplines. In some cases, in-
dividuals may enter air pollution activities with little specialized
training in air pollution or merely an orientation to air pollution
problems. In other cases, formal training in the methodology and
techniques peculiar to air pollution activities will be required above
and beyond initial disciplinary preparation.

Some 40 professional disciplines are currently represented—or
listed among the needs—in air pollution research and control. They
include 7 specialized areas in engineering, 4 in medicine, 6 in chemistry,
and 2 in nursing, plus at least 20 more ranging from toxicology and
genetics to economics and community planning. In the majority of
these disciplines, additional specific training in air pollution appli-
cations is needed.

Current activities: In fiscal year 1962, $79,208 is being expended by
the Division to provide training grants to 8 schools of engineering and
public health for the support of graduate teaching to cover physical
and engineering problems of air pollution. Approximately $25,000
more is being used to support trainees in some of these institutions.
This training grant program falls far short of the needs for personnel
outlined above. The entire biomedical and social science needs have
been so far neglected. -

General needs: In meeting these needs, it would be preferable for
the Bureau to support training grant programs in the fundamental
disciplines related to environmental health as a whole. To name a
few, this could very well be done in toxicology, epidemiology, and the
basis engineering disciplines. On the other hand, categorical training
programs could be used to provide the formal training in methodology
and techniques peculiar to air pollution activities which must be ob-
tained above and beyond initial disciplinary preparation, or to pro-
vide specialized training for certain special purposes.

Speoial needs: In view of the many types of trained personnel
needed to pursue air pollution research and control activities in the
United States, it is evident that no one particular kind of grant pro-
gram is completely suited to all these needs. It is, therefore, pro-
posed that extramural support of training activities in universities
and other institutions be developed toward four objectives: (1) train-
ing for research, (2) training for program needs, (8) individual
traineeships, and (4) special training for top-level administrators,

(1) Tralning programs to meet speclal research needs would best be patterned

after that currently in effect at the National Institutes of Health. There would
be established in the Division three training committees: (a) for air pollution
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biomedical sciences research training, (b) for air pollution engineering and
physical sciences research training, and (¢} for air pollution social sciences re-
search training. Each committee would review for merit the appiications as-
signed to it and make recommendations to be acted upon by the National
Advisory Health Council.

(2) Training for program needs would be established In the Division under
three training committees: (a) for air pollution biomedical sciences service
training, () for alr pollution engineering and physical sciences service train-
ing, and (e) for air pollution soclal sciences service training, Each committee
would review for merit the applications assigned to it and make recommendations
to the Division Chief. These recommendations could then be reviewed by the
Bureau Chief and acted upon by the Surgeon General.

{3) As authorized by Public Law 84-159, the Divisfon would establish a
traineeship program for study at all academic levels. A standing advisory re-
view commiftee would receive applications from candidates who wanted to
study in any of the flelds related to air pollution activities, Committee recom-
mendations would be acted upon by the Division Chief.

{4) Speclal training for top-level air pollution control administrators would
be instituted on only a very few university campuses. The chief control officer of
a large air pollution control program must, above all, be a good public ad-
ministrator. In order to arrive at intelligent decisions, he must have a knowl-
edge of the needs of his program and an acquaintance with the relative con-
tributions the several disciplines can make to it. He may have for his back-
ground training skills in one or more of some two-score professional disciplines,
It is necessary therefore, that a training program for such an individual be
tailored to his specific needs, in order to fill the gaps in his background and
provide him with the skills of public administration.

The first requirement for such a program would be its establishment
in a university center which contains departments and colleges which
deal with all the background disciplines. There would have to be
close cooperation between the departments under the general direction
of the student’s mentor to provide suitable training, There would
probably be few, if any, formal course requirements but rather semi-
nar and discussion sessions. The student who could best take ad-
vantage of this program would be a trained expert in his own field,
and in addition would have senior level working experience in some
phase of environmental health.

A single institution might be able to train two to Hve chief control
officers per year. The training grant to such an institution should
provide for-the full support of one faculty member, who would or-
ganize and guide this program and maintain the necessary cooperative
interdepartmental relationships.

Such & training grant program might be funded in the range of
$75,000-$100,000 per year.

OPERATIONS

Introduction: Public Law 159 specifically states that control of air
pollution sources is & State and local responsibility. At present,
therefore, the “operations” portion of Federal activity encompasses no
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control activity as such. However, there are several problem areas
in which the concept of control at the local level is less than realistic.
Among these are the problems of automotive vehicle exhaust and in-
terstate pollution. It is a reasonable prognostication that the opera-
tions portion of the Federal program eventually will include some
control activity and will require development laboratories and testing
facilities in support of such activity.

The operations portion of the Division of Air Pollution Program
is not synonymous with Technical Assistance, but is much more in-
clusive, involving as it does Public Information, Monitoring, Fore-
casting, Standardization, Development, and Evaluation activities, in
addition to those more specifically classified as Technical Assistance
to State and local agencies.

If one defines as “operations” all phases of a national air pollution
program other than research and training, then operations includes
the entire area of the application of our accumulated know-how to the
problem of air pollution control. Since control operates essentially
at the local level, this phase must also encompass the communications
channels to funnel information and assistance to the thousands of
localities throughout the Nation. ILet us therefore first examine these
channels as to both their adequacy and their content.

Two sets of channels are needed : one carrying technical information
and aid to the professional workers in the field, the other transmitting
information to the lay public. The technical channel is closely re-
lated to the research and training functions of the program in that it
is the means by which the results of the research are put to use and
incorporated in training program curricula. It is obvious that dis-
semination of information does not, by itself, insure its application.
Therefore a complete operations program includes not only the means
for disseminating information but also the means for encouraging its
application.

Technical assistance: A large part of the operations program of the
Division of Air Pollution falls in the category of Technical Assistance
to State and local agencies. These activities are characterized by the
fact that in practically all cases the Division is required to work in
a local community, with and for the local agency, and to provide
services to support the local activity. Studies have indicated that
all communities in the United States having a population greater
than 50,000 and about 40 percent of the communities in the 2,500~
50,000 bracket have air pollution problems. Thus about 6,000 com-
munities are potential clients for some form of technical assistance.

The Division of Air Pollution has Air Pollution Program repre-
sentatives in the New York, Chicago, and San Francisco regional
offices to provide personal attention to local problems. More such
representatives are needed in the several regions to which none are
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as yet assigned and in any particular State or city where the demands
are very great.

There is a continuing demand for assistance to communities in the
drafting of control legislation and of rules and regulations. To meset
this need, the Division of Air Pollution has expended considerable
effort in the assembly, codification, analysis, and publication of exist-
ing and proposed forms of legislation and regulations. As time goes
by, increasing sophistication is being required in these matters; deci-
sions are being faced such as whether or not to incorporate regulatory
concepts based upon considerations of toxic levels, meteorological
factors, topography, control technology, etc.

The survey has been the most common form of technical assistance
provided by the Division to State and local agencies during the past
6 years. Many jurisdictions have as yet not been surveyed to deline-
ate the extent of their air pollution problem and point out the means
of its control. The newer, more sophisticated survey techniques yield
more information than earlier surveys, but require more manpower
and equipment per survey. Local agencies are in frequent need of
assistance also in dealing with specific problems. Until each State
agency is capable of handling these problems, many of them will be
referred to the Division of Air Pollution.

The more deeply State and local agencies get involved in monitoring
ambient air and air pollution sources, the more frequent will be the
situation where the local agency lacks certain pieces of unique or
costly laboratory or field equipment. In the former case, a solution
is to send the sample to a fully equipped PHS laboratory for analyses;
in the latter case, it makes sense to lend the needed field equipment
from an equipment pool maintained by PHS for the purpose. The
Division of Air Pollution presently provides both these types of
service on a moderate scale, with indications that the scale will increase
in the future,

Project and program grants: A tremendous buildup of State and
local agency facilities and staff is needed if the desired decentraliza-
tion of technical assistance is to be ultimately achieved, The surest
way to reach this objective is to provide funds to State and local
agencies through project and program grants. For the initial survey
in a State or community, it is proposed that project grants cover the
entire cost. For subsequent support of a State or local program
after the completion of the survey and appraisal, it is proposed that
the grants be on a matching basis on the order of $1 of Federal
grant funds to $3 of State or local funds.

Investigation of interstate problems and intrastate problems of
national significance: Under the present legislation the Division of
Air Pollution lacks authority to gain access, on its own recognizance,
to municipal, industrial, and commercial sources of air pollution for

627408 —82——17
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the purpose of assessing the nature and extent of emissions to the
atmosphere and studying the means for their control. This makes
it difficult to properly assist local agencies. 'The solution is legislative
authority to PHS to investigate on its own initiative air pollution
problems of national significance, with such authority spelled out to
mean appropriate access to emission sources,

The identical problem arises where air pollution from one State
adversely affects a neighboring State. Where the offending State
has neither a compact on interstate air pollution with its neighbor
nor a State control agency willing to intervene in behalf of its sister
State, there should be authority vested in the Surgeon General of
PHS to conduct an appropriate investigation on his own initiative,
with rights of access to responsible or suspected sources assured by
the enabling legislation.

Forecasting : Since August 1960, the Division of Air Pollution has
operated an Air Pollution Potential Forecasting Service for the States
east of the Rockies and is currently pilot testing a similar service for
the western United States. The ultimate development of a really
satisfactory local air pollution forecast system will have to await
the establishment of a national network of stations to take vertical
soundings of gradients between the ground and 5,000 feet.

Implicit in air pollution potential forecasting is the ability to spot
the stagnation that lingers longer than expected, since this is the situa-
tion with disaster potential. A start is being made toward the devel-
opment of procedures for Federal, State, or local action in the event
the disaster potential situation should oceur.

Monitoring: Most present air quality monitoring activity is to
establish baseline data against which high values may be detected.
More and more future monitoring will be for the purpose of com-
parison with baseline data to detect dangerous situations. Presently
the Division of Air Pollution operates the National Air Sampling
Network as the basic national air quality monitoring scheme. This
network is not adequate to the air quality monitoring needs of the
Nation. For instance, it provides continuous monitoring in only six
cities and for only a limited number of pollutants. Permanent con-
tinuous monitoring stations need to be established in many more
cities and in a few nonurban locations as control stations. .

A number of State and local agencies operate local networks -An
expansion of these and the stimulation of others would be in the
national interest and would seem to be a proper use for air pollution
project grant funds to States and cities.

Process and equipment development and evaluation: Since instru-
ment development, control equipment application, and related activ-
ities are primarily undertaken by private industry, this area is one
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requiring extensive cooperation with industry, and one for which the
Division needs appropriate laboratories, test facilities, and staff.

Standardization and certification: One important need of both
control agencies and industry is in the general area of standardiza-
tion—of equipment and process test procedures and of analytical
methods. In American practice, professional and trade associations
spearhead standardization activities. However, Federal agencies par-
ticipate in such activities and frequently provide valuable supporting
services, Standardization activities in the air polluton field are in
their infancy. The future should see more participation on the part
of the Division of Air Pollution with professional and trade associ-
actions in these activities. The Division should plan to provide the
laboratory facilities and staff for carrying on such activities.

Dissemination of technical information: A national air pollution
agency has a major responsibility of providing a source of technical
information for State and local use. However, even before satisfying
the extramural need, a firm intramural technical information base
must be provided to meet the needs of the technical staff of the Divi-
sion of Air Pollution. Thus, the library, abstracting, translating,
and other services discussed need to be readily accessible and available
to the Division’s staff.

A wide dissemination of abstracts of the pertinent technical liter-
ature is an essential need of the professional worker in the air pollution
field. At present the Division of Air Pollution is supporting some
abstracting service, but there is need for further extension and coordi-
nation of abstractmg services.

Additional translating services, both from English to foreign lan-
guage and from foreign languages to English, would be desirable.

To a larger extent than at present, the Division of Air Pollution
should provide reprints of important air pollution literature which
appears in reports of very limited initial distribution.

It would be desirable to publish and make available for wide distri-
bution the series of course manuals already compiled by the Division
of Air Pollution, and to prepare manuals in additional areas.

The professional air pollution worker in all except a few major
cities lacks access to a comprehensive air pollution library. The Divi-
sion of Air Pollution has a national responsibility to provide a
National Air Pollution lerary and Reference Service so that these
workers may thereby have easier access to the technical llterature in
their field.

Digsemination of information to the general public: Although cer-
tain information activities do lend themiselves to centralization, an
effective public information program is important to the success of
this Division’s functional program and, for the reasons noted below,
should be planned and carried out as an mtegral part of that program.
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The objectives of the Federal program are not yet generally under-
stood by the public nor accepted by the many groups which affect and
are affected by the air pollution problem. Air pollution is far from
being adequately controlled now. A long-continued public education
program will be needed to bring about adequate control. Air pollution
has major social and economic ramifications beyond those traditionally
dealt with by the health professions. Since control depends upon
cooperation among all levels of government and industry, its achieve-
ment depends to a high degree upon understanding on the part of all
interest groups as well as the public. These groups include State and
local governments, most industries, unions, schools, women’s and civic
clubs, professional associations, voluntary health organizations, and
many more. Many of these have interests in conflict with the objec-
tives of the Division and with each other, yet many can and do make
concrete contributions toward better control of air pollution, provided
they are kept well enough informed to be properly motivated.

The Division not only must continue its public relations program
with magazines, newspapers, radio and television now largely geared
to the Federal program—but should also provide professional guid-
ance to State and local air pollution agencies and other local groups
which seek to inform their local publics on local situations, There
is also a need for development and publication of short informational
brochures of the kind needed to explain aspects of the problem and
program to the public. National conferences and regional demon-
strations offer another means by which current problems and progress
may be brought to public attention.

Strictly from the information viewpoint—apart from possible gaing
in economy or efficiency—the Division’s activities could in many
instances be expanded or its public impact be strengthened by coopera-
tive action with other divisions concerned with environmental health.
Some worthwhile activities can be better carried out jointly. For
example, the Museum of Science and Industry in Chicago has offered
an entire room for a permanent display on environmental health, but
would not be interested in air pollution alone. A motion picture
intended for lay audiences would have more impact, if it covered
water pollution and radiological fallout, for example, rather than air
pollution alone. The support of many organizations would be easier
to enlist for the entire field of environmental health than for any one
area of that field. A recruiting booklet for the environmental health
field might be more appealing than one limited to air pollution—
and more selective than one which covered the entire Public Health
Service. In addition, there would be advantages in the location of all
environmental activities in a centralized location for easier access by
reporters, writers, and other visitors with information potentials,
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There would be “overflow” from one division to another, from which
all benefit.

INTEGRATION OF AIR POLLUTION WITH OTHER ENVIRONMENTAL
HEALTH PROGRAMS

The proposed reorganization of the Public Health Service now
presents all divisions of the proposed Bureau of Environmental
Health with a timely opportunity to coordinate and integrate opera-
tions, to effect savings, to prevent undesirable duplication, to share
knowledge, and to achieve broader coverage in studies of the total
insult inflicted on humans by a wide variety of ubiquitous environ-
mental pollutants in the air we breathe, the water we drink, and the
food we eat.

Perhaps the most important benefit to be derived from the inte-
gration of the Division of Air Pollution with the other environmental
health programs at a National Environmental Health Center would
be the greater likelihood of attracting men of outstanding ability and
national reputation, men capable of pulling together all available
information on air pollution and of acting as a focal point for the
total national effort. The cooperative efforts of recognized authorities
in each of the programs, under the stimulation and guidance of a few
topflight scientists acting as coordinators at the Bureau level, could
bring about general recognition of the importance of environmental
health problems and develop a reputation for the Center which would
attract personnel to these programs.

DivisioNn Funcrions AND CENTRALIZED ACTIVITIES

There are certain functions presently carried out by the Division
of Air Pollution which in the general interest of all environmental
health programs could be performed as a centralized activity of the
Bureau of Environmental Health. There are also some functions
which could be carried out profitably either as a Bureau activity or
as a cooperative activity by two or more program divisions. The
Division of Air Pollution, however, should retain primary responsi-
bility, in whole or in part, for much of the program in this field, due
largely to the nature of its activities.

_ For example, research projects and technical assistance and train-
ing activities in the Division of Air Pollution are characterized by a
high degree of interdisciplinary effort. One example of the need for
close collaboration among many disciplines is the study of auto ex-
haust emissions and their effects on health. This study requires
several research teams, each consisting of: Mechanical, chemical,
elecftrical, and electronic engineers and instrumentation specialists to
design and operate the unique facilities required; chemists and physi-
cists to characterize the exhaust prior to and following complex photo-
chemical reactions, and to identify a wide spectrum of organic and
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inorganic compounds, sometimes in the parts-per-billion range; toxi-
cologists, physiologists, pathologists, veterinarians, microbiologists,
biochemists, geneticists, and statisticians to conduct studies of effects
on animals; and a similar variety of specialists to study the response
of plants to auto exhaust.

Centralized bureau support of this interdisciplinary attack on pro-
gram-related projects could provide comprehensive toxicological
information services and such services as the care of animals, and could
stimulate the exchange of information among scientists of the same
or related disciplines in each of the divisions.

Special functions of an interdisciplinary nature at the bureau level
might include: (1) Recognition of new environmental health prob-
lems not related to a specific program and initiation of action, by
assignment of responsibility to one of the divisions or by other appro-
priate means; and (2) direction of broad investigations involving
multiple environmental factors.

Specific program-related methodology and instrumentation re-
quired to carry out program functions also should remain the pri-
mary responsibility of the Division. Examples in the air pollution
program include: (1) The development of equipment to measure
respiratory function in humans and laboratory animals, and (2) the
development of technics and instrumentation for laboratory and field
sampling of air pollutants.

Centralized instrumentation and analysis functions, on the other
hand, would be desirable in connection with the operation of a com-
bined system of networks for the routine sampling of air, water, and
food. Specialized networks required for short periods of time by the
operating programs should remain the responsibility of the respective
programs,

Computer operations and data processing should be centralized
or pooled but not to the extent that it would discourage individual
investigation. For example, programing should be a function of the
organizational unit charged with responsibility for conducting a
project.

Intramural training consisting of short, intensive courses for re-
search, enforcement, and administrative personnel should be the re-
sponsibility of the operating program in so far as course content and
staffing are concerned. Administrative coordination and operation of

training facilities, on the other hand, should be part of a centralized
activity.

NeGLECcT OR UNDERDEVELOPMENT WITHIN THE Frerp

Within the field of environmental health there are several areas
which have not received much attention, due primarily to a lack of
clear responsibility for division effort in these areas, -Bioclimatology
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is an example of an area of relative neglect. The well-being of indi-
viduals, particularly those already suffering from physical impair-
ment, is known to be affected by weather. Meteorological factors also
have a significant effect on the frequency and severity of air pollution.
The combined effects of weather and air pollution on human health
and well-being need intensive study.

The relationship of air ions to air pollution and to public health
also should be explored. The Division of Air Pollution has interest
in this field.

The Division of Air Pollution is almost exclusively concerned with
the outdoor environment, while the indoor environment, except for
occupational problems, remains essentially neglected as an area of
interest in environmental health. The inquiries concerning heating,
cooling, cleaning, and deodorizing air in public and private buildings
which this Division receives from occupants and representatives of
industries engaged in various aspects of air treatment, seem to indi-
cate an expectancy that the Public Health Service would be actively
engaged in this area of environmental health.

RELATIVE EMPHASIS TO ACHIEVE BALANCED PROGRAM

Among PrograM ELEMENTS

The program elements—research, training, and technical assistance
(operations)—are interrelated. Operational needs largely deter-
mine the nature and scope of the research program and the relative
effort to be devoted to the various problems from time to time. The
need to acquire new knowledge regarding air pollution has placed
the greatest emphasis on research. Approximately 80 to 90 percent
of program funds have been spent annually on research, and the re-
mainder has been used to initiate token efforts in technical assistance
and training, As additional funds become available, greater empha-
sis can be placed on technical assistance and training. The level of
effort by the Federal program on research recommended in “National
Goals in Air Pollution Research” will serve as a general guide in the
allocation of funds to achieve a balanced program.

Just as the research program must be designed to meet the needs of
control programs, so the training activities must be designed to meet
the long-range and short-term requirements of the research and oper-
ating programs on a national scale. Thus a program attuned to the
needs in air pollution includes what might be considered a built-in
mechanism to achieve and maintain a balanced program, namely: (1)
Federal, State and local, and industry operations; (2) research to
meet the needs in (1) ; and (8) training to meet needs in (1) and (2).

The application of existing and new knowledge must be stimulated
throughout the Nation in State and local agencies. The Public Health
Service should provide the national stimulus and leadership in effect-
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ing this application. A mechanism which has proven successful in
other public health fields has been the awarding of grants to State
and local agencies to assist them in initiating or reinforcing their con-
trol programs. The Public Health Service now has authorization
for the awarding of grants to State and local agencies for the appraisal
of air pollution problems. Additional legislative authorization would
have to be sought to permit the awarding of grants for control opera-
tions at the State and local levels. The Public Health Service should
seek this additional authorization and should seek the funds to carry
out the legislative provisions. If such authority and funding are
realized, the relative emphasis of the various elements of a balanced
program necessarily will be altered, with additional emphasis on the
operations aspect of the total Division activity.

INTRAMURAL AND EXTRAMURAL

Intramural activities include the “in house” efforts of the Public
Health Service and other Federal agencies, efforts supported by the
award of contracts to private individuals or organizations, and such
Federal efforts as the law permits in support of State and community
activities. Extramural activities are those supported by grants to
universities.

It does not seem feasible to arrive at a precise ratio of intramural
and extramural activities. Certainly a strong central program is
urgently needed to serve as a focus for the national effort. Beyond
this it is considered highly desirable to expand the extramural effort
at universities within the next 5 to 10 years to about five times the
current level.

It is the opinion of this Committee that a proper balance between
intramural and extramural activities and among the various elements
of the air pollution program will be assured through recommenda-
tions and reviews by the National Advisory Committee on Community
Air Pollution, and that the normal budgetary and legislative proc-
esses will further tend to ensure a program balanced in accordance
with the needs.



REPORT OF THE SUBCOMMITTEE ON
ENVIRONMENTAL ENGINEERING

RECOMMENDATIONS

The Subcommittee on Environmental Engineering at meetings held
on August 31, September 21, and October 13, 1961, considered its
responsibilities in the field of its subject. In accordance with the
charge from the parent Committee, this Subcommittee has defined
long-range research objectives in environmental engineering. It has
also discussed the field of environmental engineering per se and has
delineated relationships to that field of the Public Health Service,
Division of Environmental Engineering and Food Protection, herein-
after often referred to as DEE&FP or as the Division.

The Subcommittee visualized the need for a greatly expanded
research program in environmental engineering as defined herein.
However, the difficulties of stafing led the Subcommittee to make con-
servative estimates of the magnitude of expenditures required. The
Subcommittee presents the following recommendations.

1. It is recommended that there be developed, under the leadership
of the Public Health Service, a more comprehensive program in en-
vironmenta] engineering, as discussed in this report, utilizing the com-
bined and separate skills of physical, biological, and social scientists,
at a level of expenditure which will assure the resources commensurate
with the task.

9. That an Environmental Health Center be provided wherein a
part of the environmental engineering program may be conducted by
the Public Health Service,

8. That the research goals outlined in this report be used to guide
the development of the environmental engineering research program.
In addition to urgent research needs in established program areas the
Subcommittee particularly recommends action to initiate investigation
into new and unexplored phases of environmental engineering such
as community noise, vibration, lighting, and open space requirements.

4. In establishing the Environmental Health Center that provision
be made for centerwide programs as well as divisional programs and
that separate funding be provided for each.

8, That research funds be apportioned on an extramural to intra-
mural ratio of the order of 5 to 1. It is further recommended that
basic research be largely done on an extramural basis,

6. That the levels of research grants and contract research in en-
vironmental engineering be increased from their present level of about
$700,000 to & lavel at least of $10 million per year in 5 years.

97
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7. That there be provided to DEE&FP resources which will permit
it to meet its intramural research responsibilities in environmental
engineering. It isrecommended that funds to a level of $2 million per
year in 5 years be appropriated.

8. That substantially greater emphasis be placed on research and
development in the field of public water supply treatment and dis-
tribution, particularly from the standpoint of water quality, and that
provisions be made for an identifiable, organizational unit within
the DEE&FP to deal with these critical water supply problems.

9. The Committee recognized the importance of field studies and
demonstration projects in the environmental engineering field es-
pecially pertaining to regional and metropolitan problems. It recom-
ments that funds be made available to DEE&FP to support this work
at a level of at least $3 million per year by the end of a 5-year period.

10. The Subcommittee recognized the metropolitan and regionwide
character of most environmental engineering problems and recom-
mends that the Public Health Service utilize its field study and re-
search grants in such a way that this concept is observed.

11. That the level of research and nonresearch training grants be
increased for environmental engineering. Future requirements for
manpower are incorporated in the overall figures prescribed by the
Subcommittee on Manpower Resources and Training.

12. That the Public Health Service take the lead in promulgating
the criteria required by commumtles in the engineering area of en-
vironmental health.

13. That a review be made of the inadequacies of legislation where-
under the Division operates and that new legislation be promulgated
to provide the Division an adequate framework to discharge its obli-
gations in—

@. The control of noninfectious disease agents in relation to interstate ear-
rlers and interstate dlsease problems; and

b. Research and development pertaining to solid wastes; and

¢. Research and development regarding health problems in intrastate metro-
politan areas; and

d. Research and development regarding the health problems of housing,

14. That early steps be taken to establish high-level liaison and
operating relat;ionships between HEW-PHS and other appropriate
Federal agencies (such as, but not limited to HHFA and the Depart-
‘ment of Commerce, Burean of Public Roads) in the area of urban
development and metropolitan planning so as to promote the interests
of environmental health.

15. The Subcommittee recognized that in order to carry out the pro-
grams recommended above, an expansion, proportionate to the new
workload, of existing DEE&FP central, technical, and administrative
staffs, will be required. Itis recommended that provisions be made for
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this. Itisestimated that an increase of at least $500,000 per year at the
end of § years will be required for this purpose.

NATURE OF THE PROBLEM

Environmental Engineering concerns itself with the establishment
and maintenance of a healthful environment, particularly in urban
areas where the problems are most acute. This requires bringing to-
gether the social, biological, and physical sciences in dealing with the
problems of the health® aspects of man’s relationships with his en-
vironment. This involves safeguarding man’s water, air, food, con-
veyances, structures for habitation and employment, and his recrea-
tional and work environments. It involves not only the control of the
quality and quantity of basic necessities, but also, importantly, the
control of the waste byproducts, whether solid, liquid, or gaseous.
These byproducts, if uncontrolled or allowed to accumulate, would not
only stifle existence, but lead to widespread disease and physical
impairment.

Increasing population and increasing concentrations of people into
the urban areas of the United States have accentuated environmental
problems in two important, related ways: (1) As our air, water, and
land resources are fixed, increasing populations decrease the quantity
of each of these basic necessities available to the individual; (2) with
increasing amounts of waste products concentrated in areas with grow-
ing populations the relative effects of these wastes on man is increasing
at an ever increasing rate. These threats are of an insidious nature,
a form of creeping paralysis which, if not recognized and corrected,
can lead to urban stagnation and death as surely as the most violent
epidemic. -

It is for this latter reason that the environmental health concept
and an environmental health research center are of particular sig-
nificance to the environmental engineering field—the recognition of
the problem and the development of effective measures for correction
and control depend more on a calm scientific appraisal of the overall
problem than on public demand.

The Subcommittee recognized the importance of accidents and their
relation to environmental engineering. We believe that there are
many factors in the environment which contribute to accidents. These
should not be disregarded but made the subject of research. The
Subcommittee understands that accidents of all types are the concern
of the PHS Division of Accident Prevention in which there is con-

1There are four basic levels of publie health ¢oncern with the environment, as enun-
clated by the American Public Health Association (1):
1. Insuring the elements of simple survival ;
2. Prevention of disease and polsoning;
8. Maintaining an environment suited to man’s efficlent performance:
4. Preservation of comfort and the enjoyment of living.
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ducted a research program at the present level of about $2 million
per year. As accidents fall within the purview of this Subcommittee
in connection with metropolitan planning, housing and recreational
areas, there should be coordinated efforts and funding between
DEE&FP and the Division of Accident Prevention.

In order that the Public Health Service can take immediate steps to
assure the quality of our urban environment, priority must be given
to the following:

1. The application of the technical “know-how” that twe already possess
through more effective adiwinistration and organization, including metro-
politan planning.

2. Research into all phases of the environmental engineering problem,
including a more fundamental knowledge of the effect of wastes on man
(both physically and sociologically); more economiec methods of water
supply collection, treatmnent, and distribution; more efficient and effective
methods of sewage treatment (including onsite disposal), drainage, and
the collection and disposal of garbage and refuse.

8. The development of health criteria or guidelines for use in planning and
conducting programs involving water supply and sewage disposal, drainage,
the dispousal of garbage and refuse, housing, urban renewal, zoning, open
space, and accident prevention.

TRENDS IN ENVIRONMENTAL ENGINEERING

The term environmental engineering is itself rather new. However,
a close study of the definition given above shows that environmental
engineering is the growth, or possible the sophistication, of what
is known as sanitary engineering. To the fields of water supply,
sewage, air pollution, and others, has been added a new dimension.
It pertains to the practice of the profession, from the public health
viewpoint, under urbanization. It is the large dimension of gaining
acceptance of proposed environmental control projects by contiguous,
diverse political groups. It is at this point that the engineering and
social science professions became interdependent. Among the trends
noted in “environmental engineering” the following are important.

Socrar, AND EcoNoMmI¢ IMPLICATIONS

Although engineers have traditionally endeavored to design the
most economical as well as the most workable solution to a problem,
economics in our context has a larger meaning. Involved is the need
for evaluating the overall economic picture of a metropolitan complex
for, say, the provision of an adequate water supply. In large metro-
politan areas the provision of enlarged water supply facilities is some-
times hampered because of irrational rate structures. Solving such
problems requires thorough economic studies of the water rates and
instituting an equitable system overall. The importance of social
factors is illustrated by the Jocation of arterial highways without
regard to social, economic, and health implications of these decisions,
When this does occur, the completed road may create savere problems
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of neighborhood decay, inaccessibility to industrial complexes, or other
undesirable “direction” of city growth. Appendix I of this report
contains a pertinent discussion of social factors,

MEerrorPoLITAN APrroacu To PLANNING

The Subcommittee is convinced that the metropolitan factor is the
common denominator to most environmental engineering problems.
The technical literature of the past 10 years abounds with references
to the recognition of this fact. There are now 210 Standard Met-
ropolitan Statistical Areas (2) and the number is growing each year.
Of these, 27 are interstate. Still another pertinent statistic is that
70 percent of the U.S. population lives in urban areas. The growing
interest in comprehensive metropolitan health planning is well illus-
trated by the recent appearance of an Environmental Health Plan-
ning Guide (8) published by the Public Health Service. Designed
for use by either technical or lay people, the guide emphasizes the
evaluation of health related utilities and services which readily lend
themselves to long-range planning.

NEw EnviroNMENTAL HazARDS

Until a few years ago the principal cleansing agent used in the
U.S. was soap which when discharged in waste waters was changed
by biological action to innocuous substances which disappeared. By
1958 the people of this country were consuming 8.8 billion pounds
(4) of detergent which after use was discharged to the environment
usually by way of drainage to surface or ground waters. Detergents
resist biological decomposition and travel nearly unchanged for long
distances to be picked up in municipal and individual water supplies.
They pass readily through usual water treatment processes. What
the long-range effects of detergents on health may be is not known.

Other chemical contaminants (5) found in drinking waters in recent
years include DDT, aldrin, orthonitrochlorobenzene, diphenyl ether,
tetralin, and acetophenone. The concern of the Public Health Service
over these agents is expressed by the fact that the National Cancer
Institute has begun studies of the carcinogenic properties of organic
extracts from finished water supplies of several cities.

NaT10NAL GOVERNMENT AND METROPOLITAN RELATIONSHIPS

From the cities themselves has come increasing pressure upon the
Federal Government to provide direct assistance in solving their prob-
lems, many of which fall in the environmental field. The Council of
Mayors at their annual Convention held in 1958 in Miami, Fla., re-
quested Senator, now President, Kennedy (6) to speak on the subject,
which he called “Time for an Urban Magna Carta.” In the past few
years several bills have been introduced in Congress providing for
the establishment of & Department of Urban Affairs. Although this
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has not yet occurred, it is clear that direct relationships between the
Federal Government and urban centers will grow. From the health
viewpoint, an increasing demand by local government for environ-
mental engineering standards is anticipated.

S¥NERGISTIC EFFeCTS

Synergism is defined as the “Cooperative action of discrete agencies
such that the total effect is greater than the sum of the . . . effects
taken independently.” Little is known about the total effect of com-
bined insults to man by his environment and major research should
be directed toward this field as soon as possible. It is also here that
the value of a central research center, where all facets of the environ-
ment are being simultaneously investigated, would be most apparent.

RESEARCH OBJECTIVES

This Subcommittee considered its scope of interest according to the
broad definition given under Nature of the Problem. Although the
term environmental engineering embraces air pollution, water pollu-
tion, milk and food, radiological and occupational health, these inter-
ests were excluded from consideration as other subcommittees were
dealing with them. There remained a large area embracing the major
part of the environment. The Subcommittee defined the major divi-
sions of this area as given in Table I,

TabLe I
Major Divisions of Environmenial Engineering

Housing and Occupled Space
Urban and Recreational Areas
Water Supply

Solid Wastes

In terms of program interests of the Public Health Service, Division
of Environmental Engineering and Food Protection, various seg-
ments of the environment with which the Subcommittee concerned
itself ure listed in Table IT.

TanLe II
Begmenis of the Environment of Interest to the Division of
Bnvironmental Engineering and Food Proteotion

Water Supply *
Metropolitan Development
Holid Wastes

Houslng

Interstate Carriers
Plumbing

Emergency Sanitation
Individual Sewage Disposal
Individual Water Supply
Swimming Pools
Recreational Areas

Noise and Vibration

Afr Conditioning
Baovironmental Aspects of Accldent Control

1 Public water supplies from water works intake to con-
sumers tap.
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An inspection of Table I shows that each element of the environment
listed in Table IT may be placed under one or more of the headings of
Table I. The Subcommittee delineated three categories of research:
Basic, operational (applied), and administrative. Research objec-
tives ? were then developed for each division of interest shown in Table
I. The degree of priority as to when these projects should be initiated
has been shown in terms of (I) immediate; (II) 2 to 5 years; (III)
5-10 years. A review of these is convincing as to the vast amount and
scope of research which is required if environmental health is to keep
pace with changing world conditions.

NEED FOR CRITERIA OR GUIDELINES

Environmental engineering guidelines, or criteria of performance,
are viewed as an outstanding need by both professional workers and
government officials at local, State, and National levels. Authoritative
criteria require years of research and observation to develop, and when
developed, must be reviewed at suitable, periodic intervals, changed
and updated. Some problems of standards formulation are illustrated
by the Public Health Service Drinking Water Standards. First is-
sued in a very elemental form in 1914, they were revised in 1925, 1942,
and lastly in 1961. In the latter work the Advisory Committee was
unable to set firm requirements for limits on several important items,
including viruses, because of the lack of basic research data.

Another example where much basic research is required is in the
area of housing hygiene criteria. After three decades of increasing
interest and work in the health aspects of housing there is still little
or no information on the effects on health of room size, noise, air
conditioning, lighting, and other environmental factors.

In the area of metropolitan development, health oriented standards
are either nonexistent or empirical. Attempts have been made by some
zoning authorities to set criteria. For example, New York and Chi-
cago zoning authorities have set arbitrary limits on noise and vibra-
tions from industrial sectors but the problem of permissible noise
levels in business and residential areas is not dealt with.

The setting of health standards for urban development is compli-
cated by the subjective nature of the problem. Modern health concepts
include mental health aspects. Much of how persons or large groups
of people react to noise, vibration, light, and temperature is gov-
erned by attitudes. To research this area the combined skills of social,
psychological, physical, and medical scientists will be required. In
summary, the following table lists selected, environmental engineering
areas where, in the opinion of this Subcommittee, sound standards are
required.

3 These are listed in Supplements A through D,
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TasLE III
Arens in Which Environmmcutal Engineering Oriteria Are
Needed
Housing and Occupied Space:
Room Size
Noise
Vibration
Lighting
Ventilation
Plumbing

Mobile Homes
Accident Prevention

Urbar and Recreational Areas:

Bullding Lot Size

Population Density Standards for—-
Water
Sewage
Waste Disposal

Noise and Vibration by Type of Area

Mobile Home Parks

Accident Prevention

Water Supply:
Drinking Water Standards
Bathing Water Standards
Recreational—Other Thuan Bathing

Solld Wastes :
Collection
Disposal

On Site
Community

LONG-RANGE OBJECTIVES

The Subcommittee reviewed long-range objectives in terms of the
administrative, legislative, and financial arrangements required to ac-
complish research objectives in environmental engineering. An anal-
ysis of the Division’s work indicates the need for strengthening in
fiscal resources, manpower, and legislative authority some parts of its
organization. Legal authority for the Division’s activities is con-
tained in the broad terms of the Public Health Service Act and amend-
ments. The provisions of the Act should be carefully reviewed and
further amended to provide a modern, legal framework within which
the Division can operate to meet the problems of today’s changing
environment.

The Division is now staffed with a Research Grants Branch which
administers the distribution of PIIS research grants for projects re-
lated to its work. A review was made of the level and distribution of
research grants of interest to the Division. In force, as of March 1,
1961 (7), there were 135 research grants of which only 25, or 18.5 per-
cent, were in environmental engineering. The rest pertained to milk
and food. Dollarwise, these projects were distributed $655,700 for
environmental engineering and $2,214,600 for milk and food. The
Subcommittee interprets these statistics to show two deficiencies.
(1) Research grants, in terms of dollars, in the area of environ-
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mental engineering are grossly inadequate; and (2) the small num-
ber of applications shows a lack of interest or awareness on the
part of investigators in universities and other research organizations
as to requirements and opportunities for study in the environmental
engineering field. The Subcommittee strongly urges that steps be
taken to remedy both defects.

During the next 5 years the Research Grants Program should be
expanded both in scope and funds. In addition to the present proj-
ect grants, provision should be made for more broadly based support
to institutions for programs of research, research facilities, and sup-
port for large-equipment items which may be used by more than one
project or research program. Amounts of money required for this
purpose are estimated to require progressive annual increases of
$2 million so that in 5 years there will be an expansion of the pro-
gram to the level of $10 million per year.

In addition, the Division, which currently has virtually no com-
prehensive organized research program, should be provided with re-
sources to permit it to do research work both in its own facilities and
by contract. It is estimated that an annual expenditure to the level
of $2 million per year at the end of 5 years will be required.

Long-range planning to meet the research and operational goals
must face the questions of manpower and training. The diverse dis-
ciplines required for conducting the work are well described by
DEEFP in its “Areas of Specialization Required To Attain Long-
Range Program Goals,” a copy of which is appended to this report.
The Subcommittee is in agreement with statements made therein.
Estimates of the required numbers in the specific disciplines will be
furnished by another subcommittee. It is clear, however, that envi-
ronmental engineering must compete with other sciences and engineer-
ing professions, for young, technically minded persons. It isalso clear
that in the past the field of environmental engineering (sanitary engi-
neering) has not been successful in attracting adequate numbers of
young men to its practice. Part of this deficiency can be met by pro-
viding graduate-level training to engineers and scientists who were
basically trained in related fields. This effort must be encouraged
and research and traineeship grant programs by the PHS should be
augmented.

LEVELS OF RESPONSIBILITY

The foregoing discussions have shown that any program of environ-
mental engineering commensurate with the Nation’s needs involves
responsibilities at many levels,

Among the agencies and professional groups sharing the burden of
providing a continuously healthful environment for U.S. citizens are
the following: universities, foundations, health agencies, State and

627408 —03——8 ’
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local governments, women’s organizations, and medical and engi-
neering and professional societies. Pertinent especially to this report,
with its emphasis on research, is the role to be played by the university
and the health agencies, particularly the Public Health Service.

In keeping with their traditions, it is expected that the universities
will continue to have the responsibility for professional education and
a major share of the responsibility for conducting much of the funda-
mental research.

The Public Health Service, with its long tradition of protecting the
Nation’s health, is in an established position where it may furnish
leadership in aiding the States and localities in solving their environ-
mental health problems. It should accomplish this by technical
assistance, certain types of training, demonstration projects, and in-
creased research activities, both intramural and extramural. The
Subcommittee believes that the major part of the research program
should continue to be extramural. It is also convinced that the Divi-
sion of Environmental Engineering and Food Protection, having at
present no organized, intramural research effort in environmental
engineering, should institute such a program. The Subcommittee is
convinced that adequate funds and facilities should be provided to
enable DEEFP to discharge these responsibilities.

The Subcommittee also considered levels of responsibility or activity
of other Federal agencies in the four areas of environmental engineer-
ing listed in table I. In the field of housing, the HHFA is the major
Federal agency involved, but it does not presently conduct or sponsor
major undertakings in health-oriented housing research. The area of
urban or metropolitan development is a new identified entity. The
Subcommittee noted little or no health-related research being done in
this area at the present time. In the water-supply field extensive
research is going on at the Engineer Research and Development
Laboratory, Corps of Engineers, Fort Belvoir, Va. However, the
thrust of this work is toward military and not civilian applications.
Also, within the Department of the Interior, the Office of Saline Water
has an extensive research program, but the prime objective is the aug-
mentation of water resources through treatment of saline water.
Within the PHS the Division of Water Supply and Pollution Control
conducts water-supply research mainly related to raw water up to the
waterworks intake. This Subcommittee has coordinated with theirs
in the development of this area. No other Federal agency than the
PHS undertakes solid-waste research and virtually none is being con-
ducted at the present time.
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Supplement
RESEARCH GOALS IN ENVIRONMENTAL ENGINEERING

A. Housing and Occupied Space

B. Urban and Recreational Areas

C. Water Supply

D. Solid Wastes

E. Social Science and Environmental
Health

F. Areas of Specialization Required: To

Attain Long-Range Program Goals

A. HOUSING AND OCCUPIED SPACE

Narn.—Ocecupied space includes, but in nottlimlbed to, in-titutiac:ndal bu::!‘Inn. such as nurseries day-care ocenters,

schools, colisges, and hospitala, offices, v
Deacription of Research Area Calegory t Priority ¢
To formulate minimum standards for residences and oc- B I

cupied structures to satisfy the physical, physiological,
and psychological needs of man, and to formulate de-
sirable standards for residences and occupied structures
to fulfill the desires of man and to provide efficiency and
comfort of living; such minimum and desirable stand-
ards to include, but not limited to—

(e¢) Room sizes:
(1) Floor area.
{2) Room volume,
(3) Limiting dimensions; e.g., ceiling heights.
{b) Thermal factors; including air temperature, radi-
ant temperature, air movement and relative
humidity:
(1) For warmth.
(2) For cooling.

CODE:

¥ Category of Research: 8 Recommended Priority:
B—DBasie. I—Undertake as soon as possible,
O—Operational, 112 t0 5 years,
A—Administrative, 115 to 10 years,

108
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Dezcription of Research Area Category
(c) Ventilation: :
(1) Air cleanliness.
(2) Removal .of odors. .
(d) IMumination; quantity and quality standards:
(1) Natural lighting.
(2) Artificial lighting.
() Noise; including that from internal and external
sources: :
(1) Relationship to hearing.
(2) As a disturbing factor of sleep.
(f) Vibration; including that from internal and
external sources.

To formulate criteria for the design of neighborhoods for
planners, developers, etc., to provide a healthful resi-
dential enviornment including, but not limited to._... AO

(a) Basic requirements for site selection:
(1) Physical characteristics of the site.
(2) Proximity to hazards and nuisances.
(3) Essential community facilities.
(b) Utilities and services:
(1) Water supply.
(2) Sewage disposal.
(8) Refuse and garbage disposal.
(4) Telephone, electricity, and fuel.
(¢) Land use:
(1) Housing and population densities.
(2) Development of open space,
(d) Vehicular and pedestrian facilities:
(1) Roads and streets.
(2) Vehicle parking.
(3) Walkways.

To evaluate the adequacy of present governmental con-
trols to create and maintain a healthful residential
environment and to propose amendments and/or sup-
plements a8 necessary, including...cceeonnuaoaaoo AO

(a) Building codes.

(b) Housing codes.

(¢) Fire and safety codes.

(&) Zoning codes.

(¢) Bubdivision regulations

(f) Other administrative legal instruments,

To determine the relationship of housing to health and to
health and to identify the causative and contributing
factors:

(a) communicable disease. .. v oeemnmcean B
(b) mental N8R e o mro e eieeeeea B
(c) chronio disease. cocv oo B
(d) well-being .o o eeeeaeae B

CODE:
1 Category of Ressarch: 3 Recommended Priority;

Priority?

11

1

ol bl e e

I

B—Basie. I—Undertake as soon as possible,

O—Operational, II—2 to § years.
A—Administrative, ‘ : III—5 to 10 years,
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Description of Research Area Category 1 Priorfty?
To determine the role of the following in causing or con-
tributing to home accidents:
(@) Design o cccrnicnecammmcmcm—— - B 1

(1) Of the dwelling unit and structure.
(2) Of the installed equipment and facilities.
(3) Of furniture and household utensils.
(4) Of the neighborhood.

(6) THUMINAtION . — oo B II
(¢) Noise and vibration. . .. cecoaocaoroaoao2 B 1T
(d) Toxic or irritating gases, dust and fumes_______ B I

To determine the mechanism of the transmission of air-
borne disease organisms in dwellings and structures
heated or cooled by circulating air.. .. _._________. B 11
To evaluate the public health significance of exposure
over long periods of time to low concentrations of toxic
or irritant gases, fumes, dust, ete- oo a_. B I
(a) In the residential environment.
(d) In other oceupied space.
To revise the American Public Health Association’s Ap- :
praisal Method to Evaluate the Quality of Housing... AOQO 1
(e) To provide a technique for epidemiologists and
others to use in studying housing and health.
() To provide an instrument for redevelopment
officials, planners, and others to determine
areas of communities which need corrective
action to provide a healthful environment and
indicate the type of corrective mction that is
needed.
(¢) Ta develop a precise index of the hygiene quality
of an individual dwelling unit or structure.
To evaluate the role of housing in the transmission of

virus diseases to man_. ..o aaaas BO I
To determine if a relationship exists between juvenile
delinquency and housing quality ... _______. B 11

To develop more effective and efficient methods of treat-
ing solid and liquid wastes on-gite in residential areas,

particularly in the suburbs and urban fringe areas_._._. B 111
To develop effective means of protecting inhabitants of
residences from radicactive substances including fallout. B I

To develop criteria for the elderly and the handicapped to

provide a healthful residential environment for them

living independently to the maximum practical degree. BO I
To determine adequacy of mobile homes as places of

prolonged residence of families with and without

children. _ i ————— 0 III
To formulate design standards for mobile home parks to _
create a healthful residential environment ... ... ... 0 11
To define housing standards for itinerant workers....... AO 111
CODE:
1 Category of Ressarch: $ Recommended Priority:
B—Basie. I—Undertake as soon as possible,
Q--Operational, II—2 to 5 years.

A—Administrative, I11—5 to 10 years,
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B. URBAN AND RECREATIONAL AREAS

Description of Research Area Category Priority 3
To assess health problems related directly to metropoli-
tanism._ . e ciceecme—mm——aan B I
(a) To compare chronic disease rates in urban and
rural populations. - B I

() To compare communicable disease rates in
erowded urban areas versus sparsely populated

BATBAB . - e e oo e e m e e e cmmame e ————— B 1
(¢) To determine the effects on health of levels of

community moise ..ol B I
(@) To evaluate health values of open spaces....... B I

To determine effects of environmental facilities on metro-
politan development patterns, and vice versa; relation-
ships to changing forms of metropolitan areas and
patterns of land use.. .o _C B,O,A I,1II,III
(a) To determine capacities, costs, operational char-
acteristics, and space requirements of various
types of sanitation facilities and services as
related to the planning funetion.. ... .______ OA 1I
(b) To determine the role and limitations of various
types of sanitation systems and residential
development, by general classification, in serv-
ing future land use plans and urban area__... OA 1I
(¢) To determine the effects of change in form of
sanitation services and facilities on urban de-
velopment.. e mda———————— B II
(d) To determine the effects of land use patterns on
sanitation and environmental health services
(various patterns and levels of serviee)_...... B II
{¢) To determine the effects of various levels of user
charges on operation and utilization of public
and private sanitation and environmental
health service and facilities; also the effects of
different levels of charge on land use as well as
on all utilization of systems. . o oo AB I
(f) To determine theoretical limitations of possible
degrees of substitutions for various types of
services and facilities ... AB 1
(g) To determine zones of influence of major trunk-
lines of water and sewer facilities in terms of
residential and industrial development.... ... AB II
(k) To develop concepts of points of diminishing
returns and break-even points for sanitation
.. and environmental health facilities, in relation
to unit components.. ... ccecc - B T
(¥) To develop methods for projecting the range of
posaible future facility patterns within which

we have chofoe._ ... mcememmm————— --- B 11
CODE: ' ' -
1 Cutegory of Ressarch: 1 Recommendsd Priority:
B—Bassle, I—~Undertake as scon as possible,
O—Operational, IX—3 to & years.

A—Administrative. LI to 10 years.
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Description of Research Area Category ! Priority 3
(7) To assess forces shaping urban areas ......._.. AB 1
(k) To determine restraints on change due to insti-
tutional, physical, or financial factors__.._._.. AB I

() To determine the relation of national, industrial,

and population changes to urban environ-

mental health projections. . ... ___.__.___ B II1

Criteria development—

(a) To identify fundamental criteria for use in en-

vironmental health planning____._._..._ _.. B I
(b) To develop methods for use of mathematical

models, systems analysis, and computers for

evaluation of interaction and effect of various

L 1) o L P B 1
(¢) To research the methodology of sampling tech-

niques, survey techniques, and other tools

needed for studies . .. .o eno o OB I

Soeial values related to environmental health—

(a) To determine the effects of various types and lev-

els of environmental and sanitation services on

individual and family life; also neighborhood

relations . oo o c s AB II
(b) To assess the effects of open areas and recrea-

tional areas in relation to planning of residen-

tial development . - oo e 0] 111
(¢) To determine the effects of social customs and

ethnie tendencies on the use and effectiveness

of environmental health measures............ B J11
(d) To evaluate greater population mobility—short

term and long term—in relation to environ-

mental health planning - ... v viomamacnao. 0B IT
() To identify and refine social criteria for decision
making in environmental health planning.___ B II
Economic development—industrial, commercial, trans-
portation—

(a) To determine the effect of industrial growth and

development on planning for environmental

health and sanitation requirements...__..__.._ A 111
(b) To determinc the effect of changes, such as shift

of commercial activity from central core to

fringe areas, on environmental health facilities

and Berviees. v e oo A 0414
(¢) To measure and analyze costs and benefits of al-

ternative interurban systems and services and

their effects on loocation and growth of indus-

trial and commercial areas. . oo ... AB 11
CODE:
1 Category of Resegrch: 3 Recommended Priority:
B—Baasle, ‘ I—Undertake ag soon as possible.
0O—0Operational, : ITI—-2 10 5 yeara,

A—~Administrative, IIT—5 to 10 years.
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Description of Research Area

Interrelationship between environmental health facilities
and services and other programs such as urban renewal,

urban highway, and airport programs—
(@) To develop methods of collaboration among
planners and program operators in different
fields of activityu e e e cmcucwaaa e o
{b) To study the impacts of urban renewsl, highway,
and airport programs on environmental health
and sanitation facilities and service programs.
{¢) To determine the effect of changing modes of
transportation (i.e., to mass transit) on de-
velopment of metropolitan sanitation services.
Intergovernmental relationships, financing, and admin.

istration—

(@) To evaluate various systems of laws and regula-
tion to their effectiveness as environmental
health controls_ oo
(b) To define conflicting governmental programs of
public works or regulations as they affect envi-
ronmental health. _______________________
(c¢) To identify and evaluate trends in forms of gov-
ernment as they relate {0 environmental health_
{d) To determine the effectiveness of various forms
of financing sanitation facilities and services.
(¢) To determine the effect of different levels of gov-
ernment on administration and financing of
environmental sanitation facilities and services.
(f) To evaluate the effectiveness of communication
between government and citizenry on environ-
~ menta) health problems__ .. ___ . __._____._.

C. WATER SUPPLY

To determine the future water supply nceds—particularly
of urban Areas. . .e oo e
(a) Relationship of concentration of population in
metro areas and availability of surface and
underground water resources to those areas. ..

(b) Metro and municipal water supply planning and
evaluation related to development of adequate

water sSupplies. o e rnna -

(c) Alternate water supply sources for emergency

------------------------------------

CODE:

Calegory 1

AO

AO

AO

AO

1 Category of Research: % Recommended Priority:
B-~Basio. I—Undertake as socn as possible,

" 0-=Operational, II—2 to B years,

[{E A—Administrative, III—5 to 10 years.

Priority ?

11

11

III
I
IT

II
IT

II

IT

II

I11
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Description of Research Area Category ¢ Priority $
To determine efficient methods for water supply utiliza-
tion, augmentation, and development. .____________. AO I
(a) Conservation of surface watersa______________._ AQ I

(1) Better utilization of wasted flood waters.
(2) Control of evaporation.
(3) High rate recharge aquifers.
(4) Prevention of silting of reservoirs and
reclamation of silted reservoirs.
() Conservation of ground waters_...___..____._._ BOA I
(1) Self-purification of ground waters and
persistence of ground water contami-
nation.
(2) Depletion and recharge of underground
reservoirs.
(¢) Water wastage control._ . __ . ___ . _____._._____.. AO I
(1) Resources.
(2) Plumbing design and installation.
(3) Sociological factors.
(d) Augmentation of water resources.... . ......-. BOA I
(1) Development of marginal sources.
(2) Conversion of sea water.
(3) Extraction from atmosphere.
(4) Reclamation of polluted water.
To determine the relationship of water quality—for drink-
ing, recreational, domestic, and food processing uses—

to the health of man_ .. oo BO ) §
(a) Communicable and chronic diseases incidence re-
lated to water quality. - . _____._.-_ BO I
{b) Optimum and minimum physical, chemieal, and
biological standards for various water uses... B II
(¢) Standards for raw water quality related to in-
tended usage and treatment available...._._. B II
(d) Beneficial effecta of constituents in or added to
water supplies—fluorides, ete. ... . __.__.__. BO 11

(e) Criteria for public acceptability and economio
factors of water supplies—taste, odor, color,

hardness, ete. .o BO II
(/) Effects of algae and other organisms on water

qQuality oo e B II
(9) Effects of gross and trace quantities of chemicals

in water on humans.. c oo cocacoan B 1
(h) Effects of viruses in water supplies on humans.. BO 1

(#) Toxicological significance of organic chemicals in
water fertilizers, insecticides, weedicides, and
other agricultural poisons. What is the effect
of chronic toxicity when combined with other

environmental conditions?. - i i o.a. BO I
(/) Effect of antibiotics in water supplies.....__._. BO I
(k) Effects of detergents in water supplies.. . ._.... B 1
CODE:
1 Category of Research: 3 Recommended Priority:
B-~Basio. I—Undertake as soon as possibls,
O—Operational. II—2 to § years, :

A—Administrative, III—5 to 10 years,
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Description of Research Area

Category

Priority *

() Standards for temporary emergency supplies.... B I
{(m) Relationship between risk of infection and bae-
terial standards—particularly tracer organ-
isms—for drinking and swimming water._...__ BO I
(n) Effects of metals and salts of metals on humans
(also organic compounds) - _ . .. creinana B I
To develop, improve, and standardize laboratory quality
0] 117 0 ) S IO B I-11
(a) Methods for recovery, identification, and enumer-
ation of viruses such as infectious hepatitis,
B0 o ;e emme—m—mm—m——ccmm—m—————— B I
() Methods for accurate and rapid detection and
determination of toxic chemicals in trace
quantities, such as endrin, etCuo oo eaoo oo B I
(¢) Methods for accurate and rapid determination
of biological organisms. - ____________._____. B I
(d) Methods for determining specific radionuclides.. B II
(¢) Automated quality determination and control.. BO 11
To develop and improve systems for water treatment... BO II
(@) Development of equipment and operational
aystem design for more effective removal of
harmful substances or less costly operation.
(b) Particulate removal_. ..o B I
(¢) Removal of chemicals in solutions (heavy metals
and salts of heavy metals) and synthetic chem-
icals (detergents, insecticides, antibiotics, etc.). B 1I
(d) Removal of Viruses. - . cceeeccmcmeccccaaen- B II
(¢) Coagulant aids. - - oo ovceee e BO II
(f) Automated treatment . .. ... 0 111
(¢) Hardness removal—ocentral vs. individual and
home treatment.___________________.____. AO II
(h) Mechanisms for the removal or inactivation of
sulfates, nitrates, and phosphates in waste
waters used for ground water recharge._____. B nn
To determine and control water quality deterioration in
distribution systems. - o ree—amm 0] 11
(a) Decontamination of reservoirs and systems...... 0 I1
(b) Control organisms and pests in water distribution
systems and in reservoirs on the system....._ . 0 111
(c) Effectiveness of devices to prevent backflow or
introduction of contamination into distribu-
tloneystem. .- ccieea 0 I
(d) Programs for detection and control of distribution
system hagards.._ . ... ... A I
(&) Toxicological determination of piping materials
and other contact surfaces, such as plastic pipe
O CORLINEE e o e e ccccc e ———— BO 11
(N Performance of plumbing systems and devices
and appliances. ... v e m——ae (8] I
CODE:
1 Category of Research: 8 Recommended Priorily:
B—Basio. I--Undertake a3 soon as possible,
O—Operational, II—32 to & years.
A—Administrative. II5-§ to 10 years.
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Description of Research Area Category 1 Priority 8
(g) Pressure and flow problems in distribution system
and plumbing_. . . . 0 III
(k) Disinfection procedures. .. oo _.._._ BO 1I
{(¢) Corrosion eontrol . . ..o BO 111
To determine related factors influencing water supply
PrOZIamMS . o o o o e e mm——— e m————— A I
(@) Develop health information____ _______._____ A I
{b) Manpower requirement8_ _ ..o ___. A I
{¢) Training of operational personnel—especially the
smaller plants__ . __ o __. A I
(d) Political, social, and economic factors in devel-
opment-relationship between water supply and
subdivision development.__. ... _____ A 1T
To determine health hazards associated with recreational
water use and effective measures to control any hazards. O 11
(a) Determination of toxicological and physiological
effects of such chemicals as iodine and isocya-
nine compounds.. _ _ .o eeeicmaaooao B I
(b) Operational problems of backyard swimming
POOI8. e 0 I
(¢) Treatment and operation of swimming pools.... O II
(d) Effect of recreational use on water supply quality. O 1I
(¢) Evaluating chemicals proposed for use in swim-
ming pool disinfection. . ..o ____.__ B II
() Determination of optimum design criteria for ma-
terials, shapes, depths, and bathing load of
swimming pools for maximum safety and acci-
dent prevention. . .o eaaaoan B 111
() Determination of required bacteriological quality
standards for outdoor water sports and bathing
WAbETB . v e e e m e m e e cmc e mmam e B 11T
(h) Development of new practical and economical
methods of maintaining satisfactory water
quality for small backyard swimming pools._... BO 111
(7) Communicable disease transmission factors in
residential swimming pools_ ... ..__.__ BO 11
To develop systems for dispensing safe drinking water
from moving conveyances—ships, airplanes, trains,
vehicles, ete. ..o aaaa- 0] III
(a) Water supply to conveyanee._ . - __..._. 0] II1
(b) Distribution system aboard conveyance....____ o) 11X
(¢) Closed systems. - . _ocoacoao——_ e 0 II1
CODE:
1 Category of Research: 3 Recommended Priorify:
B—Baslc, I-—~Undertake as soon as possible.
0~—Operational. I1--2 to § years,

A—Administrative, I1T—5 to 10 yeass,
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D. AREAS OF NEEDED RESEARCH IN SOLID WASTES

1.

10.

11.

12,

13.

14,

15.

Description of Research Area
To determine the relutionship between property value,
or lot size, on the content and guantity of refuse
produced per eapita._ - .. .o ao___
To determine the effects of different provisions of laws
and regulations governing refuse storage and collec-
tion practices; their effect on refuse production, on-
gite disposal practices, sanitation, and total cost of
BOIVICE . e crm—c e mceccccecmmme—e—m e ———————
To develop “public education’ measures which would
increase eficiency and effectiveness of refuse collec-
tion operations. . . L.,
To develop criteria or guidelines for refuse storage,
collection, and disposal to improve service, sanita-
tion, and efficiency . oo e eceeaea
To determine the economic feasibility of compressing
and packaging refuse on the premises, or collection
trucks, and at sanitary landfill sites. .. .. ___.
To determine if controls can be developed to assure
the safe and satisfactory operation of home incinera-
tora with mixed refuse and with rubbish._____._.
To determine the economic feasibility of using home
incinerators instead of providing refuse collection
BeIVICE e ———————
To determine the economic feasibility and sanitation
benefits of using disposable containers in refuse
coltection operations.____ ..o _..._.
To determine the feasibility and sanitation benefits
of using chutes, moving belts, or other materials
handling methods in the collection of refuse from
apartment buildings and multiple family units_...
To determine the economic feasibility of using port-
able or truck-mounted incinerators for reducing the
volume of refuse and demolition debris_ .. ... ._
To determine the characteristies of the end products of
refuse disposal systems, their use, and market value,
such as finding methods or ways to utilize metals
found in incinerator residue_ .. ... ..o _.._
To determine the design criteria, and operation prac-
tices necessary to increase the efficiency of central
municipal ineinerators__ .. ... .. __....
To determine the effects of the changing contents of
refuse on the various methods of disposal..._._..
To develop administrative and' technical methods
that can be used to secure the optimum use of man-
power in refuse collection operations_....coveumeas
To determine the rate of fly production of commonly
encountered solid wastes. ..o eo...

OODE:

1 Catspory of Ressarch:

Calegory 1

B

A

A

A

0

0

)

3 Recommended Priority:

Priority 2

III

ITI

III

II

II

IT

II

I

I1

III

111
IIT

II

B~-Basie. N I—Undertake as soon as possible,

0—Operational, 113 to 5 years,

A~-Administrative. I11--5 to 10 yoars,
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Description of Research Area Category ! Priority?

18. To develop a method of field testing to measure the

degree of soil compaction necessary to prevent the

emergence of flies from sanitary landfills, Specifi-

cally, the study should correlate instrumentation

to the emergence of adult flies from compactedsoil. B 1
17. To determine the economic feasibility of composting

as a method of solid waste disposal in communities

of varying size, i.e., establish the market for com-

post in agriculture, home gardening, and nursery

use as related to packaging and distribution costs.. A I
18. To determine the monetary value of compost to agri-

culture in terms of soil improvement or increases

in plant germination, growth, or yield__._.._.___. B 1
19. To determine criteria or guidelines for the handling
of demolition wastes_ ___ . __ .. ... B 1

(a) Weight, volume, and character of wastes pro-
duced in metropolitan areas, based on popu-

lation served . o - B I

(b) Cost of on-site burning_ & - e oo B 1
(¢) Cost of hauling and off-site burning—both
burning at a central site and in tepee

burners. oo e B I

(d) Cost of hauling and filling___________..__.. B I

(¢) Cost of hauling and incineration_ _._______. B 1
() Measurement of weight and volume of demo-
lition wastes produced per square foot of

floorspace of buildings being razed_..._ ... B I
20. To determine the contribution to air pollution of open

burning of refuse. - . ... B I

(a) Open dumps. oo meaaas B 1
(b) Controlled burning dumps—ramp burning

or bank burning_ _ ____ .. ____...... B I

{c) Backyard burning..______..._ __________.._ B I

(d) Agricultural burning.. .. oo ... __.. B 1

(e) Methodsof laying fires to reduce airpollution.. B 1

21. To determine the effects of refuse dumps and landfills

on ground water, including operations receiving

mixed refuse and operations receiving rubbish only. B 1
22. To develop a simple and reliable method of deter-

mining concentrations of particulate matter in

gtack discharges from incinerators by using the

light refraction principle rather that the present

colormetric method of analysis_.ue-ccvooomuoaao.o B I
23. To determine the effect of the mass installation of

commercial and household garbage grinders on

water consumption and on sewage treatment

facilities. o e B II
————————————
CODE:
t Catsgory of Ressaroh: ¥ Recommended Priorily:
B—Basio, I—Undertake as soon as possible,
O—Operationsl, II—2 to 5 yoars,

A--Administrative, ITI—5 to 10 years,
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Deseription of Research Area Category 1 Priority ?
24, To determine the most economic operating charac-
teristics of existing and commercially available
municipal incinerators. This would enable these
incinerators to be classified according to the range
of ocalorific value of the refuse for which they are

best suited . - e evcnermmm—————————- 0 1
CODE:
Category of Research: # Recommended Priority:
B-—Basie, I—Undertake a8 soon a8 possible,
O—Operational, II-2to 5 years,
A-—Mdministrative. ITI--5 to 10 years.

E. SOCIAL SCIENCE AND ENVIRONMENTAL HEALTH

COMMENTS ON SCOPE

The definition of environmental health which is suggested by the
Subcommittee structure of the Main Committee excludes much of the
environmental health area with which social scientists are concerned.
For example, mental health, apart from occupational health, seems to
be excluded. If so, the interests of the sociologist, anthropologist,
psychiatrist, and many medical people in the metropolitan area as an
environment for man in great measure are outside Committee con-
cern. The functions suggested for the proposed new Bureau of Com-
munity Health by the Study Group on Mission and Organization of
the Public Health Service, also include many of these aspects of health
services in the urban area which are of basic concern to the social
scientists. Thus the definition of environmental health with which
we are working excludes much of the area of direct interest to social
scientists. ,

The comments which follow assume these limitations on the defini-
tion of the field of environmental health.

PARTICIPATION BY SOCIAL SCIENCES IN ENVIRONMENTAL
HEALTH RESEARCH

There is probably no aspect of environmental health, however nar-
rowly or broadly defined, to which the social sciences cannot make a
contribution. The environment in which man meets- hea,lth chal-
lenges is inevitably social as well as physmal

Experience suggests that if social scientists are to make their maxi-
mum contribution, they should participate in at least two ways in
program formulation and conduet.

The first grows out of exposure of social scientists to the engineers
and natural scientists that are engaged in research in such program
areas as water pollution, air pollution, radiological health, housmg,
food supply, etc. One or more social scientists part1c1patmg in the
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deliverations of such groups can, at minimum, point out the existence
of economic, social, and administrative considerations that influence
the parameters of the physical problems under examination. For ex-
ample, the newest health hazards come from radiation but the degree
and nature of atomic energy and fissionable materials employed in
industrial production are both technical and economic questions, The
economist should, therefore, be a part of the team effort directed at
understanding and eventually controlling the threat to environmental
health caused by radiation. Similar technological changes lie behind
the new or enlarged areas of environmental and occupational health
and social scientists have a contribution to make to this understanding.

Also directly related to environmental health is urbanization and
suburbanization of American society. The nature and trend of popu-
lation concentration, the economic and social pattern of people living
in the areas, their cultural traditions, the public and private social
institutions in which they live and participate are a direct part of the
environmental health problem, especially so when corrective action is
the aim. For example, air pollution is related to commuting methods
and patterns as well as to industrial location, Commuting patterns
is an area where economists, political scientists, socmlog1sts,. and
geographers have been paying increasing attention and can contrlbut'e
significantly to research. The development of improved mass transit
systems or the ending of those now in operation have a significant
bearing on air pollution. The Los Angeles studies estimated that
69 percent of the hydrocarbons deposited in the air eac‘h-day came
from automobiles, trucks, and buses, Thus, individual drlvmg‘hablts,
future trends, and their relationship to road patterns, industrial and
recreational locations, are aspects of the problem of air pollution which
can be usefully studied by economists, geographers, and other social
scientists.

These examples are intended to indicate that the traditional areas
of study in environmental health have underlying social causes to
which social scientists can contribute insight, especially when the ob-
jective is to develop standards for use in systems of social control.

The second kind of participation by social scientists in environ-
mental health studies may perhaps be best undertaken without con-
tinuous exposure to the work of the physical, life, and engineering
sciences directed at the more specific health problems. At least it is
suggested that a small group of social and other scientists could use-
fully be engaged in focusing on the complex administrative and inter-
governmental relation of the traditional program areas,

Such a group should also look at the multidimensional character of
the concepts of health and environment, and the complex behavior
patterns which compose the modern metropolitan area. This need is
also suggested by the fact that the Public Health Service shares its
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concern with environmental problems with many other Federal de-
partments and agencies. The impact of the multiple Federal pro-
grams at the local government level, when not coordinated can be
devisive and not effective.

If Public Health Service programs are to be relevant and influential
at the metropolitan level, this condition needs to be reflected in Ad-
ministration in Washington, the State capitals, as well as at the local
level.

A multidisciplinary team set to work on the health environment as
a total system would perhaps open up new doors for health re-
searchers. For example, such a team might select one or a few
metropolitan communities as case studies for testing such techniques.
What is suggested here is an enlargement of the work proposed for
the Division of Environmental Economics and Organization, in the
report of the Study Group on Mission and Organization of the Public
Health Service.

An ideal setting for the work of such a group would be the pro-
posed environmental health center.

SOME EXAMPLES OF METROPOLITAN AREA PROBLEMS IMPORTANT
TO THE IMPROVING OF ENVIRONMENTAL HEALTH

Improvement in environmental health is possible only to the degree
that its hazards can be eliminated or mitigated or to the extent that
man’s behavior can be altered in ways which will reduce his suscepti-
bility to the hazards. Again, staying within the usual fields included
in environmental health, the social scientist has a great deal to
contribute.

Most threats to environmental health cover geographic areas which
are larger than the traditional political boundaries which constitute
the basic State and local governmental system of this country. The
problem of fragmented government is particularly acute in metro-
politan areas and it is in these areas that the problems of environ-
mental health are most serious. Further, these health problems are
no respecters of the boundaries which divide these areas into literally
hundreds of semiindependent principalities, Air and water pollu-
tion, and radiation are hardly controllable unless the attach can be
made on an areawide basis. The possibility of such areawide co-
operation is a field which has been extensively researched by political
scientists during the last decade. Most practical advances have been
made through the use of the areawide functional special district. The
employment of this and other governmental innovations may well fit
the need of the public health function. Different problems are being
created, however, by the mushrooming of these special districts, Some
central function is going to play a coordinating role; health may be

the logical function for this purpose.
627408—62——9
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There is also need for more specific research projects: looking to
ways and means of meeting area environmental health problems,
within the framework of the existing governmental structures.

Health programs also cost money—usually tax money. Can a local
community afford to conduct the kind of programs which may be
necessary to alleviate certain health hazards? Measuring community
resources, particularly in metropolitan areas, is a complex problem.
A whole metropolitan area, for example, may have sufficient fiscal
capacity to carry out an extensive health improvement program; yet
many of the governmental units which constitute the area may lack
the necessary resources. Or a program may require interstate co-
operation—many metropolitan areas cross State lines—and such co-
operation may present legal and constitutional barriers that only
experts in law understand. A critical evaluation of interstate com-
pacts might prove valuable in this connection.

Health programs often involve extensive regulatory activity by
government. DPrograms in the environmental health field are likely to
require a type of regulation which reflects the highly scientific content
of the standards and their probable highly restrictive intent. Do local
and State governnients possess the type of personnel which such pro-
grams will require? If not, what kind of training will be needed to
produce them? The best designed program has no possibility of
success unless it is carried into the field by personnel capable of ap-
plying it. Further, the regulated publics will have to be educated
to a level of understanding in order to secure compliance, which is
required in few fields today.

Environmental health is also more closely related to overall physical
and social planning than any other part of the health field. How are
environmental health needs going to be integrated into the planning
process? Population density, for example, is inevitably related to
environmental health, yet densities are more often determined by
economic and political than by health considerations. Environmental
health programs dependent on particular population densities are not
likely to succeed unless coordinated with actual densities. The need
here is twofold. First, research in environmental health to be mean-
ingful must take into consideration the kind of densities likely and,
second, health considerations should in some way be integrated into
overall planning in order to provide the densities least harmful to
good environmental health. Further, many private economic de-
cisions uncontrolled by the public planning agency may adversely
affect the community health and should therefore be brought into the
planning purview. Here the planners need improved measurements
and standards to guide their decision, and these can best be derived by
the doctors, physical scientists, life scientists, and engineers working
together on these problems.
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In all of these applied areas, the social and natural scientists work-
ing in environmental health complement each other. In order to
develop programs which are realistic and in order to understand better
what is necessary to get the programs adopted and correctly adminis-
tered requires a team effort.

A few more specific illustrations may serve to demonstrate the
viability of a metropolitan perspective in research on environmental
health problems,

Porrurion CoNTrROL

One field is the problem of administration of pollution regulations.
A significant part of the recent Delaware Valley Project dealt with
this subject and points to the need to view enforcement problems in
the context of a total river system and of the multipurpose use of its
water. Similar comprehensive studies need to be made of enforce-
ment practices and experience in air pollution and in the control of
food and milk moving in metropolitan areas. While many small
studies have been made, few have been directed toward a concern for
developing national enforcement standards and methods.

MerrorPoLiTAN COOPERATION AND HEALTIT

A study of an unsuccessful effort to create a county health depart-
ment, and a more recent study of the social forces blocking State
efforts to create countywide health departments are examples of rele-
vant social science research. The similar failures to secure public
action on water fluoridation suggests the need for social science re-
search into public attitudes as a basis for health action.

Closely related in subject matter would be the study of interstate
cooperation in health matters. Particularly in metropolitan areas
interstate cooperation has become an essential to an effective attack
upon common problems. Today air pollution and water pollution are
of special interest in this connection, but these are only two aspects of
the problem. Recent social and legal research has produced an ac-
cumulation of knowledge in the field of interstate cooperation and in
the use and limits of the interstate compact which needs to be related
to public health. What is suggested is studies of metropolitan health
problems that would be comparable to those conducted in the mass
transit field by the Transportation Center at Northwestern,

Cope DEVELOPMENT AND ENFORCEMENT

Research projects concerned with housing problems, with the Gov-
ernment’s regulation of private housing, with zoning as a land planning
tool are all relevant to environmental health in cities. The use of
standards and their acceptability in the light of political, economic,
and cultural factors is of importance to gain acceptance for research
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results. The fact that such standards are of local origin and use,
gives rise to economic and health problems of national concern by
imposing standards unrelated to the most up-to-date knowledge in the

public health fields.

Errinic MinoriTies Anp Pusric Heaurw

Increasingly society’s contact with new groups of immigrants in
our metropolitan centers occurs through the five partners of the
minister, teacher, policeman, welfare oflicial, and public health officer.
The first two have always been a part of the assimilation process in
the United States, but the latter two are relatively new on the scene
and partly have served to take the place of the professional machine
politician. This alternation in roles might be examined from any
one of a variety of angles: (1) The problems facing the public health
officer in enforcing regulations that are not understood by the minority
groups involved; (2) the development of a consistent policy toward
the minority group that can be used to provide directives for such
professional personnel. The New York City Puerto Rican popu-
lation would be an obvious subject of study in such an inquiry.

STBURBAN Sci10oLs AND Gray AReA Scrioors as Heanri ProrreMs

Among the problems produced by high density of population com-
bined with administrative separation from the central city are the
development of health programs and health standards for the sub-
urban and rural school systems. As the upper and middle income
group move from the central core of the city, the children who remain
also present a special health problem and a special opportunity for
effective health action programs addressed to improving living con-

ditions in general.

LocaL Finance AND PuBric HEALTH

Research in what is often described as the community power struc-
ture is currently extremely fashionable in social science. Numerous
attempts have been made to explicate the process by which decisions
are made in the local community and to classify the variations. One
of the questions still largely left unanswered is the extent to which the
local community leaders are free to make decisions and the extent to
which decisions are forced upon them by circumstances inherent
in their environment. Thus, Robert Wood’s study of the New York
metropolitan area governments has generated the suggestion that the
greater part of the variation in local government expenditures can be
explained by variations in population, tax resources, etc. ; little leeway
is left in the form of unexplained variance for the operation of local
community decisionmaking. One of the first detailed explorations of
the subject is currently underway as part of the Carnegie program of
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research in educational problems. Economists, sociologists, and polit-
ical scientists have joined in a statistical study of variations in local
government spending on schools, A comparable study of local gov-
ernment health expenditures might profit from the methodological
advances made, contribute to the knowledge of the public health pro-
fession as to its fiscal environment, and provide useful comparative
data for the student of local government finance.

Other aspects of the study of community power structure would
also be relevant to the overall research theme proposed. One of the
pioneer comparative studies in this area was Paul A. Miller’s “Com-
munity Health Action,” a study of initiation of hospital construction
applications under the Hill-Burton Act. Charles Wille has pub-
lished a similar study of the conflict surrounding a proposal to build
a community hospital in “Patients, Physicians, and Illness: A Source
Book in Behavioral Science and Medicine.” The methods involved in
these studies are relevant to studies needed to secure action in areas
of environmental health.

Heartin ProressioNALs AND CoMMUNITY DECISIONMAKING

One of the principal methodological contributions of metropolitan
leadership studies has been the formulation of a procedure to deter-
mine the degree of overlap among the community participants in
decisionmaking in the various functional fields; e.g., do the same
men who determine who is nominated for the city council also appoint
school superintendents, ete.? Research employing these same proce-
dures might be used to identify the character of public participation
in decisionmaking affecting health and to fix the position of the
health professionals in relation to them.

MeTROPOLITAN REORGANIZATION AND THE PRIVATE HEALTH AGENCIES

Usually the problem of metropolitan reorganization is presented
in terms of public instrumentalities; it exists, however, for private
agencies that are structured around separate communities as well.
What happens when a previously separate community is absorbed into
the metropolitan areas as a suburb; how freely do the suburban pri-
vate health agencies accept incorporation into metropolitan-level
organizations? These and related questions might also be explored.

SAFETY AND THE AvromoBniLg A8 A PusLic Heaurn ProbLem

The car, the driver, the highway, the manufacturer, the police, and
the lawmakers represent a system. This is the system that produces
the automobile accident—4,888,000 injuries in 1957 reported by the
U.S. Public Health Service. This environmental health problem
cannot be left to the highway engineers, or even the automobile en-
gineers, It isa logical system for the epidemiologist to study together
with social scientists and engineers,
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F. AREAS OF SPECIALIZATION REQUIRED T0 ATTAIN
LONG-RANGE PROGRAM GOALS

The Division’s diverse responsibilities in providing protection and
improvement of public health in the areas of environmental engineer-
ing and food protection require numerous areas of professional spe-
cialization. There are three basic objectives to be met for each
individual program goal:

1. The identification, measure, and assessment of problems;

2. The development of standards, criteria, and practices necessary to solve
these problems;

3. The application of the most current standards and techniques toward the
solution of problem situations and the enforcement of regulations under legis-
lative responsibilities.

There is a need for expanding basic and applied research, technical
assistance competency, standards development, training activities, and
interstate control procedures.

The professional resources required to attain the Division objec-
tives are described below under four categorical headings reflecting
the overall development which each specialized area is expected to
attain within the coming 5 years. The status of these specialties will
change progressively as new problems appear and additional tech-
niques or pertinent knowledge becomes available. New specialties
will undoubtedly need to be added and the emphasis on existing areas
of competence will require adjustments to meet the changing problems
in environmental public health.

INDEPENDENT RESOURCES

The areas of specialization in this category form the core of the
professional resources required to meet the Division’s research, tech-
nical consultation, training, and related responsibilities, Each area
will be developed in depth to serve the principal day-to-day needs of
the Division.

ENcINEERS

Sanitary engineers with competence in water treatment, sewage dis-
posal, solid-waste methodology, and applied radiological health. Also
included are sanitary engineers with special orientation to metro-
politan planning and development problems and techniques. Sani-
tary engineers will be available for consultation and technical assist-
ance at the local levels or at the operational level as well as lending
their specialized knowledge in developing research information.

Chemical engineers with competence in research evaluation of food-
processing techniques, water purification, and swimming pool equip-
ment and operation,
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Mechanical engineers equipped to investigate problems relative to
the design, construction, and operation of food equipment; control
of time-temperature operations; ultra-high-temperature pasteuriza-
tion; dehydro-freezing ; and hydraulics and pneumatics for application
to plumbing and water-supply systems.

Marine engineers for vessel construction and facility review at oper-
ational level; competence in nuclear powerplant installation and
shielding will supplement the basic marine engineering skills.

Puvsicar Sciences

Chemists with competence in inorganic, organic, and biochemistry
for application to problems in enzymology, metabolism, nutrition, im-
munology, and other subspecialties related to the study of natural food
products. Strong support will be needed in physical, organic, in-
organic, and analytical chemistry to deal with the increasing problems
of hazardous chemical contamination of foods. Radiochemistry will
be essential component of this area, because of special significance of
foods as sources of environmental radioactivity and the importance of
tracer techniques in research. Special competence in water floccula-
tion and treatment, water-supply-quality evaluation, and sewage-
treatment techniques would also be required.

Physicists: The application of engineering physics to the research
areas in sound, light, vibration, and other preceptory phenomena will
be required. Physicists with special competence in health physics
will be utilized at the field level for problems involving radiation
hazards.

Lare ScieNces

Microbiology: Specialists in bacteriology, virology, mycology, and
parasitology will be required to investigate the causative agents of
food infection or intoxication and to develop control measures. Ori-
entation to microbial physiology, genetics, and serology, as well as to
medical, veterinary, sanitary, dairy, and marine microbiology, will
be nacessary to investigate the public health implication of microbial
food contamination, develop sanitation standards, and devise pre-
ventive measure applicable to the preparation and serving of foods.
Special competence in water microbiology will supplement the chem-
ical and engineering skills also applied to this problem area.

Sanitarians and health service officers: Specialist in the applica-
tion of research information and techniques in the areas of microbi-
ology, entymology, and zoology in carrier sanitation and vector control
and for each class of highly perishable foods such as milk, shellfish,
meat, and poultry products will be required at the field level to conduct
studies and demonstration projects and perform surveillance
operations.
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METROPOLITAN PLANNING AND DEVELOPMENT SPECIALISTS

Political-economic disciplines: Political scientists, economists, and
attorneys with special orientation of their skills toward assessing and
solving metropolitan planning problems in such categories as local
and State political structures, public utility financing, community
economic base studies, enabling legislation at local, State, and regional
levels.

Oity planners to perform studies and demonstration projects and
furnish technical assistance to local, State, and regional units.

Hearta EbpuvcaTors AND TrECHNICAL INFORMATION SPECIALISTS
This group will have the prime responsibility of—

(e) Enlisting community participation in study areas and demonstration
projects; and

(b) Insuring that all research information submitted be available to the
scientific community for application to existing problems and to prevent duplica-
tion in research investigations and the application of research information to
operational programs,

DEPENDENT RESOURCES
Included in this category are areas of specialization for which the
Division must have the competence to meet its ordinary needs, but will
also require the support of other groups with respect to fundamental
or theoretical research and unusual equipment or professional talent.

PrysrcaL ScrenNces

Towicologists: The Division will need the services of chemists,
pharmacologists, and pathologists to evaluate experimentally and
judgmentally the health hazards of foreign chemicals and natural
constituents found in foods. Recommendation of safe practices and
control measures will be a part of their responsibilities. Toxicologists
will be needed to evaluate materials proposed in construction of
equipment having public health significance and such special problems
as insecticide residues in food products and stored-water supplies.
This competence would be shared with such elements as the Division
of Water Supply and Pollution Control and the Division of Air
Pollution. B

Physiocists: Specialists capable of utilizing complex physical in-
strumentation and interpreting the results will be needed to charac-
terize foods and their significant components or contaminants. The
orientation of the work will be primarily to biophysics, but knowledge
of both radiation physics and the classical physics of heat and pressure
will also be required. In recognition of the very high degrees of
specialization within this ares and the large investment required for
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proper instrumentation, the Division will also need the support of
other groups with related competences. Quite probably a central
facility will best serve the needs for the most costly items which are
infrequently used by any division.

Statisticians: In this area, a distinction is made between statistical
design and analysis of data, on the one hand, and the broader areas
of systems analysis, data retrieval, and operations research which are
considered in the Category IIX, “Pooled Resources.” The Division
will require a statistical staff and facilities sufficient to develop sound
protocols for research, evaluate technical data, and record information
in forms which can be subjected to more sophisticated statistical treat-
ment. Although the Division will need machines and staff for coding,
sorting, and collating statistical information, it will depend on others
for computer services and the development of mathematical statistics
to meet its needs,

Live SomNcEs

Hydrography: The special problems associated with production,
harvesting, and processing of raw shellfish and other seafoods re-
quires the attention of specialists in marine biology and oceanography
to complement the chemical and microbiological work on sanitation of
these products. Because of the allied interests of the Division of
Water Supply and Pollution Control, coordination of work in this

area is contemplated. -

MEepICAL SCIENCES

Physiologists will be required to evaluate physical effects of precep-
tory phenomena such as excessive levels of vibration, sound, tempera-
ture and related environmental factors encountered in the urban
environment. ‘

Epidemiologists: Both “classical” and “experimental” epidemiolo-
gists will be needed to investigate the occurrence, causes, and circum-
stances associated with illness as attributed to foods, Field studies
with human populations, as well as experiments with animal popula-
tions, will be conducted in this area to examine critically and perhaps
extend the precepts of epidemiology with respect to the impact of both
food contaminants and food itself on health, Such specialists will.
also determine sources and dissemination of communicable diseases
through food-service operations on interstate carriers, such recrea-
tional media as swimming pools and bathing places, and vector borne
disease problems stemming from faulty waste-disposal practices. -
Beaaviorar Somyoes o

Psychologists and sociologists will be required for community
studies to determine the effect of urban environmental problems on
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the individual, the family structure, and the overall community social
framework. The effects of changing environmental factors on the
populations of our urban centers must be evaluated in the sociological
and psychological aspects which will then be supplemented by what-
ever data of a physiological nature can be obtained. This total pic-
ture of deleterious effects of urban problems on our social structure
will provide positive guidelines not presently available for recom-
mending and implementing expanded community services and environ-
mental health measures.

TraiNING

Training officers and apeczalwts will insure that survey and evalua-
tion techniques, developed in the research area, are made available to
field personnel and that the latest and best techniques devised in the
research community are made available to the regional staffs. They
must be capable of recognizing, interpreting, and communicating
technical information of value in public health practice. They will
need the support of other professional staff members and consultants,
as well as certain training facilities available to the Center as a whole.

ADMINISTRATION AND MANAGEMENT

In order to work effectively within the administrative framework
of the Bureau, DEEFP will need the full-time services of specialists
in personnel, fiscal management, procurement, management, and bibli-
ographic services, as well as skilled illustrators, draftsmen, shop-
workers, janitors, and emergency maintenance personnel. This group
will be heavily dependent on the central management and service
groups available to the Center as a whole.

POOLED RESOURCES

Areas of specilization in this category will be supported in common
with others using divisions at a single location. DEEFP will employ
ancillary specialists who have some knowledge of these fields, but will
depend on the central organization for facilities and additional talent.
Areas included here differ from those in category II with respect to
the degree of internal development required to meet the needs of the
Divigion.

ADPS Unrr

Systems analysis: As noted above, DEEFP has need for sup-
porting resources which will bring to bear advanced mathematical
theory and data processing equipment on the public health surveillance
of the environment. These resources will supplement the internal
statistical competence of the Division if a central facility is provided.
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PrysicaL SCIENCES

Mathematicians to develop mathematical models for solving aspects
of environmental programs in community development and planning
on a predictive basig wherever possible,

COlimatologists: Rainfall, temperature, day length, and other cli-
matic factors are well known to affect the composition of food crops.
In order to assess the role of these factors in the uptake of radionu-
clides, agricultural chemicals, and soil constituents, climatologic
studies will be required. Studies may also be needed on the rela-
tion of climate to human nutrition.

Lire SciEnces

Ecologists: Understanding of the health problems associated with
foods requires knowledge of food chains and the factors that determine
the dietary habits of man. These important components of human
ecology can best be investigated in broad studies, but are of special
interest to DEEFP.

Rap1arioN aNDp REacTOR TECHNOLOGY

These specialists will represent a very high degree of competence
in the specialized aspects of radiological health and nuclear reactor
technology. DEEFP has direct interests in (a) the possible contri-
bution of reactors to radionuclide contamination of foods, and ()
the utilization of high-energy sources as tools for research on radia-
tion sterilization and neutron activation analysis. Because of the
high costs involved, the Division would prefer to utilize a central
facility which might be constructed and operated by the Division of
Radiological Health. In addition, such projects as the evaluation of
radiochemical constituents in water supplies and specialized prob-
lems in nuclear powerplant units on ships would be investigated by
these specialists.

UNDEVELOPED RESOURCES

This includes categories to be drawn upon intermittently for special
projects or problem application and will consist primarily in profes-
sional competencies retained under contract or by consultant appoint-
ments. Other elements of the Service are also included which would
not be found within the projected Bureau structure.

CrinNioAL AND Mreproar DisoreLines

Specialists in such fields as geriatrics, pediatrics, radiology, allergy,
dentistry, and internal medicine may be needed to undertake specific
studies or provide advice on responses of man and animals to fooclr
constituents and dietary regimens, - | ,
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OrHER AREAS

Even within the areas where the Division has considerable com-
petence, situations will almost certainly arise which require the help
of additional specialists in such fields as spectroscopy, organic syn-
thesis, chemotherapy, electron microscopy, and the like. The full
range of possibilities cannot be clearly defined in advance, but ample
provision should be made for the temporary employment of such in-
dividuals on a basis that will be mutually acceptable to them and to
the Government.



REPORT OF THE SUBCOMMITTEE ON
MILK AND FOOD

CONCLUSIONS AND RECOMMENDATIONS
The principal conclusions and recommendations of the Milk and
Food Subcommittee, regarding the food-protection aspects of environ-
mental health, are summarized below.

CoNcLUsIONS

1. Food is a major component of man’s environment, which exerts
important multiple effects on human physiology and psychology.
Food may also serve as a carrier of chemical and biological contami-
nants acquired from soil, air, water, food handlers, equipment, and
many other sources. Much useful information is at hand concerning
the impact of diet and food contaminants on health, but the more
subtle relationships are not yet clearly understood. Enough is known,
however, to suggest that food, alone or in concert with other factors,
may affect man’s response to nearly all environmental stresses.

2. There is an enormous and rapidly increasing dlsparlty between
the rate at which new public health problems are arising, due to
growth and technological changes in the food field and the level of
effort being directed toward their solution. The food industries and
governmental enforcement agencies are actively engaged in the com-
mercial application of new processes and in determining compliance
of finished products with existing standards. They urgently need
the active participation and leadership of the Public Health Service
in a national program to develop additional information, methods,
and criteria applicable to new products which may be used to protect
the health and welfare of the consumer.

8. It is necessary that the Public Health Service program in food
protection include aspects of the problem not now being studied. In
areas of common interest, collaboration with other governmental
agencies will be required. Among the major problems of public
health concern are the following:

¢. Prevention and control of foodborne-disease outbreaks caused by micro-
organisms or their toxic products, which represent one of the more common

categories of nonfatal fllness in the United States.

¥, Determination of the health effects of forelgn chem.icals occurring in food as
residues, additives, or tallout.

0. Assessment of the physiological significance of the complex chemical and

physical changes resulting from novel methods of processing, packaging, atoring,
and marketing convenience foods.

d. Development of criterla and methods for determining food safety.
133
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e. Surveillance of the consumer food supply with respect to sanitary quality.
7. Evaluation of food equipment and processes from the public health view-

point.
g. Improvement of control technigques used by health agencies in the field of

food protection.

4. The current Milk and Food Program of the Public Health Serv-
ice is making valuable contributions in the areas of milk, shellfish,
and food service sanitation, which fortify, rather than duplicate, the
work of industry and other governmental agencies in these areas. The
intramural and extramural phases of its research, training, and tech-
nical assistance activities are severely handicapped by inadequate
funds, manpower, facilities, legislative authority, and organizational
status. The Program cannot be expected to cope with the rapid
changes occurring in our $80 billion food industry, or to be an effec-
tive participant in a comprehensive environmental health program,
unless its support is increased substantially over the $5 million appro-
priated in fiscal year 1962 for grants, laboratory construction, and
internal operations. :

5. Inclusion of a Food Protection Program in the proposed environ-
mental health center is essential to its effective development and for
the ultimate solution of problems involving multiple environmental
stresses on man. Among the specific advantages are:

a. “Crossfertilization” of the research staff by association with professional
counterparts in other flelds.

b. Common use of special equipment, such as high-energy radiation sources
and climatological facilities, which may be accessible in other parts of the
Center,

o. Capitalization of talent by creating a community of scientific culture which
will attract, hold, and develop capable people.

d. Participation in a program to determine the total impact on health of sub-
stances acquired, not only from food, but other environmental sources, including
air, water, and occupational exposure.

¢. BExploration of the part played by environmental factors in determining
the varied responses of man to ingestion of certain bacteria and other potential
causes of foodborne illness.

7. Guidance of research studies involving health hazards of foods so that the
results will be more readily useful to industry and community health agencies.

REcOMMENDATIONS

1. The Public Health Service is recommended as the focal point for
research, surveillance, and standards necessary to maintain and im-
prove the quality of the food supply as it affects the health and welfare
of the consumer and for the stimulation of research application, The
Service has worked for many years with States and localities as well
as other Federal agencies and industry, and is in a key position to
integrate the interests of the producers, processors, distributors, and
consumers of food. Such preventive action is essential to the main-
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tenance of our high health status in the face of revolutionary changes
in food technology and eating habits of the population. The proposed
overall mission is to improve and protect the public health and welfare
as they may be affected by foods and beverages, alone, or in combina-
tion with other environmental stresses. The primary objectives
include:

a. Detection, assessment, and control of microbiological, chemical and nu-
tritional health hazards which have been and will continue to be introduced as
the result of changes in food productfon, procurement, processing, packaging,
marketing, and serving,

b. Reappraisal of food protection measures now in use, as they are affected
by changes in technology and food handling practices.

0. Burveiilance of developments in science and technology as they may potentl-
ally affect food protection.

d. Development and maintenance of a basic-data program on trends of public
health hazards associated with food production, processing, and distribution.

e. Investigation and development of methods to prevent or reduce health-
hazard problems confronting the food industries,

7. Application of the accumulated knowledge to improve publle health
practice.

2. The pressing need for competent manpower, to staff both food
research and operational programs, warrants a major expansion of
training activities, including the following : :

a. Development of interest among potential candidates for employment by
offering career inducements, beginning at the high school level.

b. Creation of greater opportunities for basie sclentific training, at both the
undergraduate and graduate levels, by means of grants to colleges and univer-
sities as well as fellowships for the support of individual students. _

¢. Reinforcement of technical knowledge among industry, Btate, and municipal
health workers concerned with foods, by organizing and presenting intenslve
specialized courses in the various phases of food protection.

3. The increasing occurrence of foodborne illnesses, and the dearth
of information about potential health hazards associated with recent
technological developments in the food field, are compelling reasons
for fostering a broad program of research on food protection,
including :

@. Rapid expansion of the research grants program in scope and funds durins
the nm B years,
b Establishment of a central research and technical-service facllity, supported
by regional laboratories designed to deal with the special problems of each ares.

c. Utllization of the existing PHS Milk and Food Program as a nucleus around
which to build g multidisctpiine organization that has greatly increased capacity
and resources for experimental work, technical leadership, and eonvenion ot
research to practieal food protection programs.

d. Development of contractural relations and interageney ammeﬁ:l m

projects of mutual interest to the Public Health SBervice and. other governmental
or private organizations. -
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4. The Committee notes that the Public Health Service Act,
as amended, does not refer explicitly to food protection, but covers this
ares only by implication. The Service is, therefore, urged to seek
legislation that will specifically authorize and support a national pro-
gram in the food field along the lines recommended above. Enactment
of such legislation would serve to delineate Service responsibilities,
generate public awareness, and establish a basis for the working re-
lationships with other organizations, on which the program depends
for its continued development. In this connection, the Committee be-
lieves that planned improvements in the Milk and Food Program,
including the construction and operation of two new shellfish research
laboratories, are so much needed that they should proceed independ-
ently of further legislative proposals or administrative determinations
relating to longer range developments in the field of environmental
health.

5. A five- to six-fold increase in the scope and intensity of both the
intramural and extramural food-protection activities of the Public
Health Service is recommended during the next 5 years, in order to
overcome the evident deficiencies and to keep pace with new develop-
ments in the food field. The Service should plan to acquire an addi-
tional 250 professional staff members,! about 500 more supporting
personnel, a new central research facility, and an annual operating
budget of approximately $8 to $10 million by fiscal year 1967. It is
estimated that an additional $15 to $20 million will be needed to pro-
vide support for extramural research, training and facilities grants,
contracts, and interagency agreements, thus bringing the total sup-
port for the Program to roughly $25 to $30 million within 5 years.
A further three- or four-fold expansion should be anticipated by
fiscal year 1972,

INTRODUCTION

Food protection is defined, for the purposes of this report, to include:
(2) The prevention and control of contamination with biological,
chemical, or physical agents which, alone or in combination with other
environmental insults, adversely affect man’s health; and (3) the
maintenance or improvement of those dietary, sensory, and other
qualities which contribute to human welfare. The important multiple
effects of foods on health and welfare and influenced, in large measure,
by the environmental conditions under which the foods are produced,
processed, packaged, and made available to the consumer. They, in
turn, affect man’s physical and mental responses to other stresses, which
together make up the complex termed environmetal health. (1)

‘When foods come into contact with air, water, soil, and the byprod-
ucts of civilization, they acquire a variety of microbial and chemical

1 8ee Supplement for types of professlonal specialists required.



Milk and Food 137

contaminants which may be passed on to the consumer. Food process-
ing may remove or destroy some agents, but it may also allow further
exposure to environmental contamination. The complexities arising
from multiple ingredients, processes, and types of contamination,
make food protection a pecuharly difficult area of public health. Much
of the needed research in this area requires an interdisciplinary team
approach.

In contrast to air and water, for which availability and purity are
the principal considerations, food, even when plentiful and uncon-
taminated, exerts profound physiological effects on the consumer. Al-
though man’s basic nutritional requirements have been defined (18),
much remains to be learned about the more elusive, yet important,
sensory properties of foods, and the more subtle dietary relationships
to physical vigor, mental alertness, longevity, resistance to infection,
and the onset of degenerative diseases. In any event, enough is al-
ready known to suggest that man’s response to almost any environ-
ment stress may be affected by the food he eats.

Food also differs from air and water in being the private property
of individuals and business enterprises, whose economic interests do
not necessarily coincide with the needs of public health. Public pres-
sure has led to a profusion of laws related to food (27), which some-
times result in the misuse of public health regulations to erect
economic barriers.

TrENDS

The store of Abrsham Lincoln’s day sold less than a hundred food
items, consisting mainly of dried staples and produce from nearby
farms (37). Meals were generally eaten at home, where they were
prepared daily from the basic ingredients. Perishable foods, such
as milk and meat, were used as quickly as possible or were converted
to butter, cheese, sausage, etc., which would keep longer. Neither
the causes of foodborne dwea.ses nor the means of preventing them
were clearly understood, and the quality of food products was deter-
mined largely by the odors, tastes, and appearances associated with
spoilage.

About the turn of the century, notable changes began to appea,r in
the traditional pattern, based on the development of farm machinery,
commercial canning, long distance transportation by railroads, and
mechanical refrigeration of storage warehouses, Concurrently scmn-,
tific studies were begun which, over the years, have led to a succession
of remarkable advances in the production, manufacturing, distribu-
tion, and serving of foods. For example, bactenologmal and epidem-
1ologlca1 studies on the role of milk and other foods in the spread.of
infectious disenses, such as typhoid fever, dysenbe:zy, tubercu]osls, and

637408—062——10
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septic sore throat, led to the establishment of sanitation programs
involving pasteurization of milk, veterinary examination of dairy and
food animals, inspection of restaurants, and education of food han-
dlers in hygienic practices. Botulism was found to be caused by the
toxins of spore-forming bacteria that could grow in foods without
air. As a result, commercial canning practices were radically revised
to incorporate adequate heat-processing for the destruction of these
spores.

Biochemical research laid the foundation for modern concepts of
human nutrition and toxicology. Prevention of deficiency diseases
was made possible by supplementation with vitamins and minerals.
Addition of vitamin D to milk, thiamine to ﬂour, and iodine to table
salt are well-known examples Possible carcinogenic and other harm-
ful effects resulting from improper use of certain food additives were
considered, and legislation has been promulgated to control the com-
mercial application of chemical preservatives, artificial colors, and the
like, in order to prevent a potential problem from actually occurring
(17).

In the agricultural field, tremendous strides have been made in the
development and application of chemicals, such as fertilizers, weed-
killers, insecticides, fungicides, and feed supplements; these have re-
sulted in an increased food output per acre. Selection and hybridiza-
tion have also increased the productivity of crop plants and domestic
animals. With the aid of power-driven machinery, the American
farmer now produces 10 times as much food per acre with less man-
hours than his Indian or African counterparts (32).

The technology of food processing, packaging, and distribution
has also undergone dramatic changes since World War II. The ma-
jor trend is toward centralized processing and widespread distribution
of commercially prepared convenience foods which minimize or elim-
inate culinary work in the preparation of meals. Among these foods
are dried, precooked, and frozen products which are not sterile. The
consequences of improper storage, shipment, or marketing are obvious.
Because of the consumer demand for convenience products, modern
foods are no longer simple commodities; they are compounds and
blends of products, obtained from worldwide sources and subjected
to multiple processes, which may introduce unrecognlzed health
hazards,

Food processing is becoming increasingly complex and often in-
volves elaborate electronic control of high-speed continuous opera-
tions. In some instances, momentary temperature fluctuations may
result in failure to protect large amounts of the product, without the
knowledge of the operator. High-temperature short-time processing,
freezing, vacuum dehydration, and radiation sterilization may be
applied singly or in combination to those products. Certain of these



Milk and Food 139

new methods involve increased handling after cooking or other treat-
ment ; therefore, the skin and fecal microflora, including bacteria, vi-
ruses, fungi, and parasites, may contaminate the final product.
Continuing changes in processing techniques may be expected to intro-
duce a variety of new problems in the future.

In addition to the usual glass and metal containers, foods are now
being packed in treated papers, plastics, laminated foils, flexible tubes
and pressurized cans., The time-honored method of canning involved
heat sterilistion, but today packaged foods may be only partially
sterilized and held in the refrigerated or frozen state until marketed.
Certain packaging techniques, for example, by excluding oxygen may
prevent molds from developing ; however, at the same time, such tech-
niques may contribute to the less apparent, though more important,
health hazards involving the growth of toxigenic bacteria.

More than 8,000 food items are available for sale in supermarkets,
and new products are being offered to the consumer at the rate of
about 2 dozen per day (11). Further evidence of the rapid rate
of change in this field is provided by the fact that two-thirds of
these convenience items either did not exist in 1946 or have been
radically changed since that time.

Comparable developments have occurred in the food service indus-
tries. Today practically all urban wage earners and students eat
at least one meal a day away from home. In addition to spending
about $1 billion per month in restaurants, the American public is
giving ever increasing patronage to commercial catering and delicates-
sen operations. The development of automatic vending machines,
which deliver individual hot or cold foods and even complete meals,
is also progressing rapidly. The automatic food dispensing business
has increased from $10 million in 1954 to move than $200 million in
1960 (5). In the future it may be expected to receive an even greater
share of business now going to restaurants and grocery stores.

The retail value of the U.S. food supply now stands at approxi-
mately $80 billion per year (11), and it will continue to expand as
the population grows (28). At present, industry is spending more
than $100 million per year on new product developments, all of which,
a priori, involve a wide assortment of food safety problems (21), Too
often such technological changes are equated with improvements in
quality, without discriminating between chenges which actually re-
duce health hazards and those introduced primarily for reasons of
convenience or economic advantage. Unquestionably many improve-
ments have been made in both directions, but public health agencies
have been unable to keep pace with the overwhelming number of new
problems that continue to arise as the technological mlntmn in the

food industry progresses (88,47).
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An estimated 1 million cases of food poisoning occur annually in
the United States (14). This estimate is probably too low because
scarcely any individual escapes an occasional intestinal upset. The
number of reported outbreaks has approximately doubled since 1952
(see Figs. 1 and 2) and the majority of these outbreaks are of undeter-
mined etiology and scope. Staphylococcal food poisoning and
salmonella infections are among the most commonly reported forms
of gastroenteritis, but investigation and reporting of foodborne illness
are so grossly inadequate that a real evaluation of the impact of con-
taminated food on health cannot be made at the present time (see
Figs. 8 and 4).
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Acute illnesses represent but one facet of the total problem. To
this should be added other difficulties introduced through direct
and indirect addition of chemicals which may have long-term effects
on health (41). These may be introduced at different stages; e.g.,
during production (residues of insecticides, growth regulators in
plants, hormones in animals, etc.) during processing (detergents or
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other contaminants of the water supply, dust and fumes from the
air, and additives used in formulation), during storage (via leaching
from containers) and during preparation for serving (contact with
faulty utensils, and residues of cleaners or sanitizing agents). In
addition, the human body may suffer other stresses of a psychological
or physical nature, which should be integrated with those of food
origin.

Study of the cumulative effects from repeated exposures to small
amounts of food contaminants has only begun, and knowledge of the
interrelationships between dietary factors and other elements of the
environment is essentially lacking. Recent research has begun to
indicate that the main nutrition problems of the future may well be
concerned with the sensory properties of foods, such as flavor, odor,
texture, etc.—how these are affected by processing, and their mediation
via the central nervous system (42). All of this must be integrated
with the above cited physical, chemical, and microbiological problems
in respect to the whole human being.

Positive action is needed to stem the trend toward obsolescence of
the food protection program in public health agencies, and thus keep
pace with the developments in food science and technology. In con-
trast to the notable progress made in food sanitation during the first
half of the 20th century, this area of Government activity has now
hecome the weakest link in the protection of the Nation’s food supply.

CurreNT REspoNsIBILITIES OF THE PuBLic HEeArTH SERVICE AND
Its Rernatronsares WiTH OTHER (FOVERNMENTAL AGENCIES

The Milk and Food Program derives its statutory authority from
the Public Health Service Act of 1944, as amended, particularly Sec-
tions 301, 811, 814, and 361 of Public Law 410 (42 U.S.C. 241, 243,
- 246, 264). This broad authorization provides for the Public Health
Service to assist states and localities and to carry out interstate quar-
antine activities, primarily directed at the control of communicable
diseases. Public Law 410 does not specifically direct the Service to
conduet programs related to food protection in relation to infectious
disease control nor does it address itself to the problems of nonliving
disease-producing agents. Under its mandate, the Service is now
engaged in milk, shellfish, and food service activities designed to assist
the States and local authorities in the development, operation, and
maintenance of programs for the prevention and control of food-
borne diseases. To implement this role and to provide national leader-
ship in this area, the Milk and Food Program (@) conducts research
and field investigations, (3) evaluates the public health significance
of new processes, techniques, and equipment, (¢) develops recom-
mended sanitation standards, technical procedures, and program
guides for State and municipal adoption, (d) provides technical and
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advisory assistance to governmental agencies and food industries on
food sanitation, (¢) conducts specialized training courses for public
health workers and industry personnel engaged in sanitary control
of milk, shellfish, and food service operations, and (f) participates
with the States in cooperative programs for the certification of inter-
state milk shippers and interstate shellfish shippers.

In this program, working relationships and agreements are main-
tained not only with the States, but with elements of the Public Health
Service, other Federal agencies, and various domestic and foreign
organizations having responsibilities for the U.S. food supply. A
review of these numerous relationships indicates that they are mutually
beneficial, and do not lead to duplication of effort. At present, the
Milk and Food Program is heavily dependent on the Communicable
Disease Center at Atlanta for epidemiological investigation of disease
outbreaks, and when these occur on interstate carrierd, both groups
frequently assist the Interstate Carrier Program with studies neces-
sary to enforce the Interstate Quarantine Regulations. Research and
surveillance related to radionuclides in milk and other foods are co-
ordinated closely with the Division of Radiological Health, which, in
fact, provides fiscal support for the activities of the Milk and Food
Program in this field.

‘In 1959, a document, entitled Shellfish, Milk and Food Service
Sanitation Activities of the Public Health Service and the Food and
Drug Administration, was developed jointly by the two agencies and
the Office of the Secretary of the Department of Health, Education,
and Welfare (44). It identifies and compares the activities of these
agencies, and in addition, summarizes the cooperative agreements,
understandings, and working relationships between PHS and FDA
in the areas of milk, food, and shellfish sanitation. A similar docu-
ment was developed in 1961, Public Health Service and Food and
Drug Adminisiration Aotzmtwa Concerned with Pestioide Hasards
(88). These analyses indicate that the enforcement efforts of FDA
against adulteration and misbranding of foods in interstate commerce
are, in fact, strengthened by the collateral efforts of PHS to support
intrastate and local food protection programs (25). The differences
in responsibilities and objectives of the two agencies are effective deter-
rents to duplication, even in research, where both frequently work on
different facets of the same problem to the mutual advantage of all
concerned. Additional work is necessary (a) to make these relation-
ships more effective in areas of food safety above and beyond the
present scope of the Milk and Food Program, (b) to keep pace with
the rapid developments in food science and technology which have

been and are continuing to be made, and (0) to keep abreast of the_ o

nedds, requirements, and desires of the American people‘
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The Public Health Service also has a memorandum of agreement
(2) with the Fish and Wildlife Service of the Department of Interior
relative to the certification of interstate shellfish shippers, as well as
a bilateral agreement with Canada (15) on the sanitary control of
shellfish, These are supplemented by informal liaison and collabora-
tive research efforts. All of this is cited to illustrate the cooperative
and integrated effort undertaken for the protection of the American
people in this portion of their food supply. It is an extremely im-
portant one from the food protection point of view, since so much of
our shellfish is consumed raw,

Working relationships with the U.S. Department of Agriculture are
concerned principally with protection of dairy and poultry products.
Currently the Service is a participant with the U.S. Atomic Energy
Commission and the U.S. Department of Agriculture in cooperative
research on the development of a feasible process for the removal of
radioactive contamination from milk (89)., The present successful
method of treatment with ion-exchange resins to remove radionuclides
was devised by the Milk and Food Research staff of the Public Health
Service (34), and pilot plant operations are in progress at the Belts-
ville laboratories of the Agricultural Research Service.

A variety of relationships is maintained with the Department of
Defense, which range from individual consultation to formal agree-
ments. For example, Milk and Food Research receives support for
investigation of properties of paralytic shellfish poison under an inter-
agency agreement with the U.S. Army Chemical Corps. These two
agencies are also cooperating informally with several other groups,
including the Food and Drug Administration and the Food Research
Institute of the University of Chicago, to study staphylococcal entero-
toxin, which is the most commonly reported cause of food poisoning
in the United States. Rather intermittent and casual relationships
are maintained with other components of the Department of Defense,
including the Armed Forces Food and Container Institute of the
Quartermaster Corps.

IxpustrY CoNTRIRUTIONS TO F0oOD PROTECTION

In addition to the development of new products and processes, the
food industry is making noteworthy contributions to public health,
particularly in those areas which directly affect sales or where govern-
mental agencies have taken the initiative. The competitive nature of
private enterprise is a barrier to acceptance by industry of full re-
sponsibility for food protection, but it willingly cooperates with health
agencies to protect the consumer from any foreseeable hazard.

For example, industry participates with public health agencies in
the 3A Sanitary Standards organization for the design of dairy equip-
ment. Similar voluntary standards are being developed by industrial
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groups concerned with bakery equipment, restaurant equipment, vend-
ing machines, pickles, olives, mayonnaise, confections, and the like.
These and other groups may also provide engineering and micro-
biological data for common use in the development of new processes.

The food industry frequently supports projects in universities and
privately owned laboratories on problems relating to health and wel-
fare, such as sanitary requirements, foodborne diseases, nutrition, engi-
neering performance of processes, chemical composition, microbiologi-
cal content, toxicology of additives, and consumer acceptance of new
products. The findings are generally published in the technical
periodicals of professional and trade associations, which industry also
assists in supporting.

Most firms recognize the importance of inhouse sanitation and
quality control programs; however, the smaller manufacturers, in
particular, frequently lack the technical knowledge and resources to
determine their needs in this area. It is, therefore, essential for pro-
tection of the consumer to provide reliable sources of such information.
At present, many local health agencies are unable to render this service,
and the industry is, understandably, reluctant to reveal its difficulties
to enforcement agencies. The manufacturer often depends on advice
from the technical representatives of other firms which sell sanitizing
agents or equipment. Although the contributions of the latter groups
to food protection are invaluable, experience has shown that they
cannot cope with the total problem. Thissituation presents a challeng-
ing opportunity for collaboration between industry and government,
in which the Public Health Service is well suited to extend its leader-
ship along the lines already developed with the dairy and shellfish
industries. ,

Examples of work which needs to be done in this area are:

1. Development of standards of sanitary quality for procurement, processing,
and distribution of foods comparable to those contained in the various PHS
recommended ordinances, codes, and guldes dealing with milk, shellfish, and
restaurant sanitation.

2, Reevaluation of existing standards in terms of (a) their applcation to
products produced by new procedures or processes and (b) possible simplification
or improvement on the basis of new sclentific knowledge.

3. Evaluation of engineering limits to performance precision of food process
equipment as it relates to (e¢) control of microbiological contaminants, (&)
maintenance of desired temperatures, pressures, flow-rates, and other physical
conditions. '

4, Formulation of requirements for the quality of air and water used in food
processing, ‘

b. Establish_ment of design and conatruction criteria for food equipment which
minimize handling of the product, opportunity for contamination, growth of
micro-organisms, and difficulty of cleaning. _

6. Development of precise simple methods for examination of foods with re-
spect to thelr sanitary quality, which may be applied uniformly by both industry
and health agencies.
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PROBLEM AREAS AND GOALS

Industry, enforcement agencies, and the public need the assistance of
a national organization primarily concerned with health problems,
which can work and be the focal point of leadership in a lattice of other
governmental and private organizations to provide the inspiration,
information, guidelines and resources necessary for food protection
(27). The Public Health Service has an obligation to meet this need
in such a way that it will engender the confidence and cooperation of
all concerned. It must avoid, on the one hand, a fragmentary approach
which cannot give adequate and timely answers to new problems being
evolved or, on the other hand, an overly comprehensive program that
tends to duplicate and infringe on the primary responsibilities of other
organizations, Particular attention should be given to health-related
problems which require the participation of a public agency for the
protection of the consumer’s interest and to those areas of environ-
mental health where food indirectly may play a decisive role in human
welfare.

The proposed overall misgion is to improve and protect the public
health and welfare as they may be affected by foods and beverages,
alone or in combination with other environmental stresses. The
primary objectives include:

1. Detection of microbiological, chemical, and nutritional health hazards which
have been and will continue to be introduced as the result of changes in food
production, procurement, processing, packaging, marketing, and serving,

2. Reappraisal of food-protection measures now In use as they are affected by
changes in technology and food-handling practices.

3. Surveilllance of developments in secience and technology as they may
potentially affect food protection.

4, Development and maintenance of a basic-data program on trends of public
health hazards assoclated with food production, processing, and distribution.

5. Investigation and development of methods to prevent or reduce health-
hazard problems confronting the food industries.

6. Application of the accumulated knowledge to improve public health practice.

Major problem areas, which are expected to be of continuing im-
portance during the next decade or longer, are noted below, together
with comments on their significance and some suggested approaches to
their solution.

Microsrorocicar, CoNTAMINANTS OF Foobs

The notable successes of the past 50 years in controlling botulism,
typhoid fever, and other severe foodborne diseases, have tended to
create an impression that technical knowledge in this area is adequate
to prevent all infections and intoxications of microbial origin. How-
ever, the facts are that gastroenteric episodes continue to occur at a
rate second only to respiratory infections, among the short-term ill-
nesses suffered by middle-class American families, Current food sani-
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tation practices have failed to reduce the high incidence of foodborne
diseases during the past 8 years (14). Although the majority of out-
breaks either go unrecognized by health authorities or are of un-
determined etiology, a growmg body of evidence indicates that hitherto
unsuspected fungi, bacteria, viruses, rickettsiae, and protozoa may be
partially responsible (20). For example, infectious hepatitis has been
traced to consumption of polluted shellfish, first in Sweden (40), and
on two more recent occasions in the United States (29, 30). Clostri-
dium perfringens, which has long been associated with foodborne
gastroenteritis in Great Britain (24), is only now beginning to receive
serious consideration in U.S. health departments. The first official re-
ports of such outbreaks were received by the Public Health Service less
than 2 yearsago (14).

Well-known types of food-poisoning organisms occur frequently in
a variety of foods. Raw market milk supplies nearly always contain
Staphylococous aureus. Dried or frozen egg products are notable
sources of Salmonella organisms (12). When these products are used
for manufacturing purposes, they may cause serious contamination
of the finished product, as happened in the case of commercially mar-
keted hollandaise sauce. Outbreaks of Salmonella typhimurium were
reported from Los Angeles, Calif,, and St. Paul, Minn., in mid-June
1961 (81). The hollandaise sauce withdrawn from the market was
found to contain 8. typhémuriwm in lots obtained in San Antonio, Tex.,
San Francisco, Calif., Washington, D.C,, and St. Paul, Minn, The
product was manufactured in New York State.

There are in excess of 600 serotypes of Salmonella which may cause
illness in man. A sharp increase in cases in the United States due to
one, 8. reading, rarely identified among Salmonella isolates from
human or animal infections, began in September 1956 (28). During
the 12-month period following, 325 acute sporadic cases and 3 out-
breaks due to 8. reading were reported in widely scattered states from
Alaska to New York. Obviously, this widespread illness, due to a
specific micro-organism, does not follow patterns of water- or milk-
borne outbreaks but would be applicable to a processed contaminated
food product in national distribution.

An example of spread of Salmonella infections from contaminated
egg albumin was reported in England (45). Widely scattered cases
were traced to certain bakeries where dust from American egg-albumm
powder contaminated the finished bakery products.

From the above examples it may be seen that foodborne disease-
producing micro-organisms are widely distributed in foods in national
and international distribution, for which no protection of the publ:c
is afforded. -
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Recent field studies in a metropolitan area have shown (¢) that
Salmonellae were present in 17 percent of the raw market poultry (48),
and (b) that Staphylococci were found in 21 percent of the market
Cheddar cheese {16). Direct evidence regarding possible effects of
these contaminated foods on the health of consumers is not available,
but similarly contaminated products have, on other occasions, been
implicated in gastroenteric outbreaks (3, 23, 46).

The foregoing examples illustrate the complexity and magnitude
of the microbiological problems of food protection, which require
much increased research efforts by the Public Health Service, in con-
cert with other governmental agencies and industry. Potentially
useful approaches to these problems include:

a. Methodological studies to improve techniques for the quantitative detection
and identification of pathogenic foodborne miero-organisms and their toxic
products.

b. Bacteriological, virological, mycological, and parasitological investigations
to determine the kinds, prevalance, persistence, and public health significance
of potential pathogens in specific foods. For example, the production of safe
shellfish depends on a thorough knowledge of the microbiological condition of
estuarial growing areas, as well as commercial harvesting, shucking, and pack-
ing operations, which are subject to contamination with various toxic dino-
flagellates, enteric bacteria, and viruses.

¢. Veterinary public health studies on epizootic diseases of food animals,
which may be transmitted to man.

d. Ecological studies on the interrelated physical, chemical, and biological
factors that affect the growth and survival of pathogenic micro-organisms in
foods.

e. Coordinated epidemiological, clinical, and laboratory investigations of food-
borne diseases to establish cause-and-effect relationships, modes of contamination
and transmission, extent and severity of illness, techniques for finding and
reporting natural outbreaks, and means for prevention and control.

7. Consideration of the public health significance of alterations in the micro-
flora of foods, which may be brought about by the newer methods of processing
and marketing; e.g., freeze-drying of products which may be reconstituted and
sold at delicatessen counters or from vending machines.

g. Field studies in the community setting on practical approaches to the control
of microbiological contamination of foods,

Foreieany CreEMIcCALS IN Foobps

Increasing contact between foods and foreign chemicals is unavoid-
able in our technologically oriented economy. Without use of agri-
cultural chemicals, food additives, sanitizing agents, chemically
treated water, and synthetic packaging materials, the United States
could not feed the urban population (17, 19,36). It hasbeen estimated
that elimination of agricultural chemicals alone would reduce farm
yields by 10 to 90 precent (32).

There is also growing concern about the radionuclide contamination
of milk and other foods by fallout from nuclear explosions, byproducts
of atomic reactors, and residues of radioactive wastes. Campbell
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et al. (7) have estimated that about five-sixths of the strontium 90
taken into the human body comes from foods, especially dairy products.
Accidental release of short half-lived radionuclide, such as iodine 131,
from a reactor in another country has, on at least one occasion, neces-
sitated withholding milk from the market until the level of radio-
activity declined (43). Extensive studies, in close cooperation with
radiological health and atomic energy experts, will be necessary to
understand the progression of radionuclides through the food chain
and their long-term effects on man.

In a recent address, “Foods, History and Problems,” Mrak (32) has
noted that “there are no harmless substances; there are only harmless
ways of using substances.” The determination of how and when
chemicals may be used safely in relation to food is already a major
public health problem, and it will become even more important in
the future (9). |

Some of the avenues by which the health implications of foreign
chemicals in foods may be approached are as follows:

@. Methodological studies to develop and simplify analytical procedures for both
the presumptive qualitative and quantitative determination of herbicide, insec-
ticide, rodenticide, germicide, and other potentially harmful residues in food.
There are many new tools now available which should be studied with respect to
their application in this field.

b. Toxicological and pharmacological investigation of animal and human re-
Sponses to repeated low-level dietary exposures, using chemicals singly or in
combinations which are typical of their occurrence in food.

¢. Bxpioration of the correlations between long-term, chronic-toxicity testing
and more rapid presumptive procedures, based on reactions of enzyme systems,
tissue cultures, or micro-organisms, to chemical agents.

d. Radiqchemical studies on the occurrence, measurement, intake, retention,
and biological effects of radionuclides from foods and other environmental
sources, including dietary means of minimizing human exposure and damsage.

NurriTioNaL Quarity oF Marger Foobs

The newer types of food processing, packaging, and storage provide
many opportunities for the addition, removal, modification, and inter-
action of substances which are physiologically important (4, 22). For
example, high temperatures may destroy heat-labile vitamins and
amino acids, and they may also affect the availability of caleium or
other mineral components. Efforts to compensate for such losses by
supplementation may lead to imbalances and excesses in the total diet.
Blending and reprocessing of products may bring about changes of
posgible health significance which would not otherwise be encountered.

Undigestible materials, such as alginate, pectin, or modified cellu-
lose, are often substituted for normal food ingredients in an effort to
improve texture and keeping qualities or to_lower calorie value and
cost, If carried to excess, such modifications may have serious
nutritional conseguences to certain segments of the population, There
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are, in fact, hundreds of other artificial substances being used in the
manufacture of foods to improve texture, flavor, color, and stability
(17, 19). Apart from their intended uses, these substances have
physiological potentials which are, in many instances, incompletely
explored at the present time.

In addition to recognizing and avoiding undesirable changes in food,
there is the problem of learning how to promote good health by dietary
means. The potential for increased resistance to infection, lengthened
life, greater vigor, and retardation of degenerative diseases is now
recognized, but not enough is yet known in these areas to take advan-
tage of the possibilities in public health practice.

In assessing the physiological significance of the complex changes
which occur in foods as they move from farm to factory and thence
to the family dinner table, the following approaches may be useful:

a. Comparisons of the dietary effects of different processing methods as ap-
plied to a common food, such as raw, pasteurized, evaporated, and dried milk,

b. Assessment of nutritional changes resulting from new processes such as
ion-exchange treatment of milk, ultra-high-temperature pasteurization, freeze-
drying, dehydro-freezing, microwave cooking, or radiation sterilization.

¢. Evaluation of safety with respect to unusual levels and combinations of
food ingredients.

d. Biochemical investigation of reactions among food ingredients, with special
reference to the formation of compounds which may influence the metabolism
of mammals,

e. Controlled long-term studies on animal and human populations te identify
and investigate the interrelationships between diet and other environmental
factors such as temperature, exercise, radiation, or the pollutants of air and
water.

Criteria AND METHODS OF DETERMINING Fo0OD SAFETY

Public confidence in commercially distributed foods depends on
the maintenance of high sanitary quality. The buyer, whether he
realizes it or not, depends entirely on the industry’s awareness of
food-hazard problems and the integrity of industrial and governmental
controls to insure the safety and wholesomeness of food items pur-
chased in retall markets or public eating places (6). When these
foods are produced and/or processed at locations remote from con-
sumer areas, local health agencies cannot inspect the sanitary condi-
tions to which these products may have been exposed prior to their
arrival in the local market. The trend toward centralized manufac-
turing and widespread distribution of refrigerated, nonsterile, con-
venience foods has created & need for the development of standard
methods and uniform criteria by which the sanitary quality of these
products may be determined (8, 13). Even more, there is vital need
to identify the nature and extent of the potential public health hazards.

A substantial beginning has already been made in this area with
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respect to the interstate shipment of milk and shellfish. The volun-
tary programs between the States and the Public Health Service in
these areas are based on: ,

1. Employment of sanitation, administration, and evaluation standards rec-
ommended by the Public Health Service.

2, Utllization of laboratory methods recommended by the American Public
Health Assoclation and the Assoclation of Official Agricultural Chemiats.

8. Uniform application of these methods and criteria by the responsible gov-
ernment agencies in both producing and receiving areas; and

4, Self-imposed compliance of the dairy and shellfish industries with the
established criteria of sanitary quality.

On the basis of the experience gained in these programs, the Public
Health Service is not only in an excellent position to accept leader-
ship in the extension of these concepts to other foods, but must do
so at the earliest possible tims, since technological progress in the food
industries is expanding rapidly. Acceptance of this responsibility
will require a continuing effort on each type of food for which the
potential public health hazard has been carefully studied, proper
practices established, and enforcible sanitary standards adopted.
Present knowledge does not permit the use of identical procedures
and criteria for different categories of foods. Because of the diffi-
culties in detecting and identifying specific etiological agents, devel-
opment of feasible sanitary standards will depend upon the application
of indirect tests for indicator organisms and chemicals, which reflect
the past history and present quality of the product in question. Ac-
tivities which will contribute to the development of this area include
the following:

@. Study of the microflora, typical of selected foods, and the changes it may
undergo during various stages of productlon, processing, storage, distribution,
and preparation for serving.

d. Develop analytical schema for determining chemieals in foods of unknown
composition.

o. Develop and evaluate biological, chemiecal, and physical tests, which may
be routinely applied to the examination of foods.

d. Conduct collaborative studies to determine the practical feasibility of
selected sampling and analytical procedures.

SurverLLaNce oF THE CoNsuMmreR Foop SurrLy

Development of national leadership in the field of food protection
depends heavily on the availability of factual evidence about the
ganitary quality of the food supply. Much useful information of
this type is obtained regularly by a wide assortment of public and
private orgamza.tlons, but no mechanism presently exists for the col-
lection, processing, and analysis of these data. By developing in the
food field a cooperative basic-data program, analogous to the existing
air, water, and radiation networks, the Public Health Service can
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become the focal point of comparative data on the microbiological,
chemical, nutritional, toxicological, and related qualities of key food
items. Such information will serve to identify potentially hazardous
products, provide leads for research, and guide both public and private
agencies in planning effective control programs.

Because of the magnitude and complexity of the surveillance pro-
gram, gradual development over the next 5 years is suggested along
the following lines:

a. Establish surveillance programs on milk, shellfish, and the food services
of interstate carriers, with which the Service already has much experience
and numerous contacts in both control agencies and industry.

. Determine the variety and utility of information obtainable about additional
foods from other sources.

¢. Formulate plans for regular collection and analyses of samples from key
stations located in different areas and, if possible, at sites being used by other
networks.

d. Devise methods for coding, statistical analysis, and reporting.

e. Develop techniques for utilization of reported findings by industry and
government,

Evavuation oF Foobp EQUipMENT AND PROCESSES FROM THE PUBLIO

Hreavra ViEwPoOINT

The design, construction, and operation of milk and food equip-
ment determines, to a large extent, the sanitary condition of finished
products. Study of the operational characteristics, reliability of
control devices, feasibility of cleaning and sanitizing, resistance to
corrosion, and protection against product contamination are essential
to the development of sound public health performance criteria.

For competitive reasons, the food-equipment industry cannot as-
sume full responsibility in this area, but it has willingly cooperated
with public health agencies to the extent that the latter could specify
commercially feasible sanitary requirements. The 3-A Sanitary
Standards for dairy equipment represent a notable example of such
cooperation.

A substantial increase in public health activity in this area is needed
to cope with the wide variety of new equipment being applied to the
mechanical processing, packaging, and serving of foods (10.85). For
example, ultra-high-temperature pasteurization of milk involves com-
plex problems of heat transfer, vapor pressure, fluid flow, and elec-
tronic control on which the success and reliability of the process
depends. Intimate knowledge of these problems is essential to the
definition of the public health requirements, and can only be obtained
by use of experimental devices and testing of commercial-scale equip-
ment. The service is now constructing temporary facilities in which
to conduct engineering and microbiological studies along these lines.
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Other important areas in which evaluative studies are needed
include:

Purification of shellfish taken from substandard growing waters.
. In-transit food services of airlines, trains, buses, and ships.
Automatic vending of meals.

Mechanical dish washing.

In-place cleaning and sanitizing operationa.

Freezing, drying, and related processes such as dehydro-freezing, vacuum
drying, and multistage evaporation,

¢ Cooking and pasteurization processes intended to prolong shelf life, such
s heating with infrared or microwaves, high-energy ionizing radiation, or
ultraviolet radiation of surfaces,

h. Possible chemical contamination from new types of packaging and equip-
ment materials,

OpErATIONAT: TrCHNIQUES OF Foop PROTECTION

The traditional food sanitation programs of health departments
already utilize a large segment of the available funds and manpower.
Generally speaking, funds have not been appropriated at a rate com-
mensurate with the new responsibilities resulting from advances in
food technology, changing eating habits, and population growth. So
many new problems have arisen that many departments are no longer
capable of providing adequate food protection (6). There is urgent
need to reverse this trend toward obsolescence by the introduction of
new administrative and operational techniques which will make more
efficient use of the available resources,

In order to guide the State and local agencies in this direction the
Public Health Service needs to extend its operations along the fol-
lowing lines:

Se RS @R

a. Provide reference laboratory services for the investigation of unusual
problems and assessment of routine laboratory performance,

b. Develop recommended ordinances and codes, guldes, administrative manuals,
and information suitable for distribution to the public.

o. Sponsor fleld studies and demonstrations to show in practice how new
research findings may be applied to local problems.

d. Conduct speclalized training courses for the benefit of laboratory, field, and
administrative personnel employed by industry and government in the food-
protection fleld, and foster university training programs for professional
speclalists.

e. Investigate procedures for sharing the responsibility for inspection and
laboratory control between government agencies and industry.

7. Promote cooperative research and development projects on food protection
problems with the industries involved, utllizing industry facilities whenever
feasible.

g. Expansion of program activities related to certification of interstate milk
and shellfish shippers, and to the approval of sources of milk, frozen desserts, and
perishable foods served on interstate carriers.

827408 —82—11



154 ENVIRONMENTAL HEALTH PROBLEMS

IMPLEMENTATION

Substantial expansion of extramural research grants and contracts,
as well as intramural research, surveillance, training, and technical
assistance activities, 1s needed to meet the Public Health Service’s
responsibilities for food protection outlined above. The Milk and
Food Program has a nucleus of professional staff around whom these
activities can be increased rapidly, but it lacks many of the specific
competencies and facilities which will be required for the enlarged
program. Its research and training staff are presently composed
mainly of bacteriologists, biochemists, and food technologists, about
half of whom are housed in temporary laboratories at Cincinnati,
Ohio, and Purdy, Wash. The headquarters and regional office staffs
are largely sanitary engineers and sanitarians, whose workload is so
heavy that a consistent effort cannot be placed on any facet of the
technical assistance activities. The program has supplemented its
budget with funds from outside sources, such as the Division of Radio-
logical Health and the Army Chemical Corps, in an effort to broaden
its operations. Dependence on such funds tends to create an air of
instability, especially in research, which now receives about one-third
of its support from outside sources.

Several NIH Study Sections have approved research grants re-
lated to food protection, but coverage of the major problem areas is
uneven, and the total effort is inadequate to develop the basic informa-
tion needed by public health agencies. There is no program of insti-
tutional grants for research or training purposes specifically associated
with food protection.

In the light of the disparity between the existing program and the
present-day need for food protection, an order-of-magnitude increase
in both intramural and extramural activities seems indicated over the
next 5 to 10 years.

INTRAMURAL PROGRAM

The Milk and Food Program is currently limited to milk, shellfish,
and food service sanitation. The total resources available for its sup-
port in fiscal year 1962 amount to approximately 160 positions and
$3 million, of which 45 positions and $1,700,000 are for the establish-
ment of 2 new regional shellfish laboratories. Of the remainder,
about 60 positions and $600,000 are allocated for research and training
at the Sanitary Engineering Center, while the rest is utilized by head-
quarters and regional offices for technical assistance and adminis-
tration,

The two regional shellfish laboratories will partially fill research
needs of long standing. These special-purpose facilities, which must
be located in coastal areas, are now urgently needed to undertake re-
search on the survival of enteroviruses and other pathogenic agents in
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estuarine arens and to investigate practical shellfish purification proc-
esses. The establishment of these facilities will enable the Public
Health Service to meet research needs in the New England, west coast,
and gulf areas; however, a need will remain for a similar facility in
the important Chesapeake Bay area, and for additional marine labora-
tories to study the neglected public health problems associated with
other seafoods.

The program needs to acquire professional specialists and research
facilities with which to activate projects related to all its long-range
goals. Technical competence will be required in each area of respon-
sibility in order to utilize the scientific output of the extramural
program, provide timely answers to practical problems, and give
responsible leadership to cooperative programs. The Supplement
to this report, entitled “Areas of Specialization Required To Attain
Food Protection Goals,” suggests the kinds of professional personnel
required and the appropriate depth of competence.

Within the next 5 years, the program should plan to acquire an
additional 250 professional staff members, about 500 more supporting
personnel, a new central research facility, and an annual operating
budget of approximately $8 to $10 million. In the following 5 years,
a further threefold expansion is recommended, including the estab-
lishment of additional special-purpose regional laboratories.

ExrtramMmuraL Proeram

In fiscal year 1962 a program of research grants was initiated in the
Division of Environmental Engineering and Food Protection.
Appropriations in the amount of $3,310,000 are provided for this pur-
" pose. Of this amount present obligations for food-related research
approximate $2 million, The full amount to be expended for food
research will depend upon approval and priority allocation to applica-
tions reviewed at November and March meetings of the National
Advisory Health Council,

Contracts are limited to the construction of laboratories and provi-
sion of services, such as the collection of specimens for laboratory use.
The anticipated cost of these contracts is about $1,800,000 in fiscal
year 1962,

Support of professional education in universities is limited to the
advanced training of one to two employees annually. Quite obviously,
this level of support is inadequate to meet the food-protection problems
associated with an $80 billion industry that spunds at least 1 percent
of its income on research to develop new products, most of which

resent. health agencies ‘with problems of food safety that they are
presently unable to consider. |

During the next 5 years the Research Grants Program should be
expanded both in scope and funds. In addltmn to the present pm]--
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ect grants, provision should be made for more broadly based support
to institutions for programs of research, research facilities, and sup-
port for large-equipment items which may be used by more than one
project or research program. Amounts of money required for this
purpose are estimated to require progressive increases in annual
amounts ranging from $2 to $5 million during the 5-year period.
Comparable increases in contract funds for applied research field
studies and surveillance operations will also be needed to support
interagency agreements and collaborative studies with industry.

Special effort should be made to initiate, as soon as possible, a pro-
gram of institutional grants to help train the scientists, engineers, and
other professional personnel needed to strengthen food protection
throughout the United States. Continuing support of interdepart-
mental programs in colleges and universities with strong graduate
training programs will be necessary. On this basis, it is estimated that
the total funds devoted to the extramural program of food protection
may reach $15 to $20 million by fiscal year 1967 and should undergo
a further threefold or fourfold expansion by fiscal year 1972.

ADMINISTRATION
The Milk and Food Program is included in the newly organized

Division of Environmental Engineering and Food Protection. The
Committee notes with satisfaction that, in this title, food protection
is given divisional recognition for the first time in the Public Health
Service. The Division is concentrating its efforts on the several en-
vironmental problems typically facing health agencies in large urban
areas.

The food supply for metropolitan centers presents an increasing
number and variety of public health problems, based on the potential
hazards associated with technological changes, the continuing wide-
spread occurrence of foodborne illnesses, rapidly changing economics
and pattern of distribution, and the influence foods may have on man’s
response to environmental stresses. An effective national effort in this
area will require an organization that is considerably more complex
than the current Milk and Food Program. Inasmuch as food protec-
tion is the keystone of environmental health, the organization should
be given status and support comparable to that of other major com-
ponents of this field.

LEGISLATION

Although the Public Health Service Act provides the basic author-
ity for undertaking a national program of food protection, more
specific legislation is needed to delineate Service responsibilities, gen-
erate public recognition and awareness, and establish the working
relationships with other organizations on which the program depends
for its continued development. Federal legislation relating to the
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certification of interstate milk and shellfish shippers embodying the
principles of the present voluntary State-PHS programs, is very much
needed. Additional authority should be sought which will make the
Public Health Service the focal point of research, surveillance, and
standards necessary to maintain and improve the quality of the food
supply as it may affect the health and welfare of the consumer. Such
legislation should also include provisions for strengthening the
extramural program with respect to training, long-term cooperative
activities, and categorical research.
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Supplement

AREAS OF SPECIALIZATION REQUIRED TO ATTAIN FOOD
PROTECTION GOALS

The professional resources needed within the Division of Environ-
mental Engineering and Food Protection to attain the objectives of
food protection are described below under four categories according
to degree of development which each area of specialization is expected
to attain within the next 5 years. The status of these specialties will
undoubtedly change progressively as new problems appear, additional
techniques or other pertinent knowledge become available, and novel
food protection measures are developed. Presumably new subspecial-
ties will need to be added, and the emphasis on existing areas of com-

petence will require adjustment to meet the food sanitation problems
of the next decade.

INDEPENDENT RESOURCES

Areas of specialization in this category form the core of the pro-
fessional resources required to meet the Division’s research, technical
consultation, training, and related responsibilities for food protection.
REach area will be developed in depth to serve the principal day-to-day
needs of the Division as well as the lesser related needs of other
divisions.

Foop MicroBrorocy

Specialists in bacteriology, virology, mycology, and parasitology
will be required to investigate the causative agents of food infection or
intoxication and to develop control measures. Orientation of mi-
crobial physiology, genetics, and serology, as well as to medical,
veterinary, sanitary, dairy and marine microbiology, will be necessary
to investigate the public health implication of microbial food con-
tamination, develop sanitation standards, and devise preventive meas-
ures applicable to the preparation and serving of foods.

Foop CHEMISTRY

Primary emphasis on biochemistry will be required to supply com-
petence in enzymology, metabolism, nutrition, immunology, and other
subspecialties related to the study of natural food products. Strong
support will be needed in physical, organie, inorganic, and analytical
chemistry to deal with the increasing problems of hazardous chemical
contamination of foeds. Radiochemistry will be an essential com-
ponent of this area, because of special significance of foods as sources

of environmental radioactivity and the importance of tracer techniques
in research.

160
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Foop ENGINEERING

Specialists in sanitary, chemical, mechanical, and electrical engi-
neering will be needed to evaluate problems related to (1) the sanitary
design, construction and operation of food equipment, (2) procedures
of producing, harvesting, processing, storing, shipping, and serving
of perishable foods, and (8) criteria and requirements for inplace
cleaning and germicidal treatment, automatic control of time-tem-
perature dependent operations, and preservation of foods by novel
processes such as dehydro freezing, radiation sterilization, ultra-high-
temperature pasteurization or so-called natural purification of
shellfish,

Foop TecHNOLOGY

Technologists will be needed with special knowledge of each class of
highly perishable foods, such as milk, shellfish, meat, and poultry
products, which may serve as vectors of hazardous contaminants.
These specialists will conduct field studies, surveillance operations,
and demonstrations related to food sanitation.

DEPENDENT RESOURCES

Included in this category are areas of specialization for which the
Division must have the competence to meet its ordinary needs, but will
also require the support of other groups with respect to fundamental
or theoretical research and unusual equipment or professional talent.

SraTIsTICS

In this area, a distinction is made between statistical design and
analysis of data, on the one hand, and the broader areas of systems
analysis, data retrieval, and operations research which are considered
in the category III, Pooled Resources. The Division will require a
statistical staff and facilities sufficient to develop sound protocols for
research, evaluate technical data, and record information in forms
which can be subjected to more sophisticated statistical treatment.
Although the Division will need machines and staff for coding, sorting,
and collecting statistical information, it will depend on others for
computer services and the development of mathematical statistics to
meet its needs.

ErmeMioLoey

Both “classical” and experimental epidemiologists will be needed to
investigate the occurrence, causes, and circumstances associated with
illness as attributed to foods. Field studies with human populations,
as well as experiments with animal populations will be conducted in
this area to examine critically and perhaps extend the precepts of
epidemiology with respect to the impact of both food contaminants
and food itself on health. No doubt other divisions will have similar
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interests in the epidemiological investigation of air- and water-borne
illnesses as well as those attributed to environmental radiation and
occupational hazards; therefore, close cooperation among these
groups seems desirable.

ToxrcoLoagy

Specialization in this area is usually achieved by experience rather
than formal training. The Division will need the services of chem-
ists, pharmacologists, and pathologists to evaluate experimentally and
judgmentally the health hazards of foreign chemicals and natural
constituents found in foods. Recommendation of safe practices and
control measure will be a part of their responsibilities. However, the
Division will need the help of a toxicological group with broader
orientation to assess the role of foods in the total exposure of man to
hazardous materials from the environment.

Puysics

Specialists capable of utilizing new complex physical instrumenta-
tion and interpreting the results will be needed to characterize foods
and their significant components or contaminants. The orientation
of the work will be primarily to biophysics, but knowledge of both
radiation physics, and the classical physics of heat, light, pressure,
etc., will also be required. In recognition of the very high degrees of
specialization within this area and the large investment required for
proper instrumentation, the Division will also need the support of
other groups with related competences. Quite probably a control
facility will best serve the needs for the more costly items which are
infrequently used by any division.

OCEANOGRAPHY

The special problems associated with production, harvesting, and
processing of raw shellfish and other seafoods require the attention of
specialists in marine biology and oceanography to complement the
sanitary engineering, chemical, and microbiological work on sanitation
of these products. Because of the allied interests of the Division of
Water Supply and Pollution Control, coordination of work in this
area is contemplated. It is recommended that representatives of other
departments, both in and out of the Public Health Service, having
allied interests in this area, serve on an interdepartmental oceanog-
raphy committee, to assure a high degree of coordination in this
activity.

TraINING

Instructors with basic scientific and public health backgrounds will
be required to organize and present specialized courses on food sani-
tation to health workers. They must be capable of recognizing, inter-
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preting, and communicating technical information of value in public
health practice. They will need the support of other professional
staff members and consultants, as well as certain training facilities
available to the Center as a whole.

ADMINISTRATION

In order to work effectively within the administrative framework
of the Bureau, DEEFP will need the full-time services of specialists
in personnel, fiscal, procurement, management, and bibliographic
services, as well as skilled illustrators, draftsmen, shopworkers, jani-
tors, and emergency maintenance personnel. This group will be
heavily dependent on the central management and service groups
available to the Center as a whole.

POOLED RESOURCES

Areas of specialization in this category will be supported in common
with others using divisions at a single location. DEEFP will employ
ancillary specialists who have some knowledge of these fields, but will
depend on the central organization for facilities and additional talent.
Areas included here differ from those in category II with respect to
the degree of internal development required to meet the needs of the
Division.

CriaTOLOGY

Rainfall, temperature, day length, and other climatic factors are
well known to affect the composition of food crops. In order to assess
the role of these factors in the uptake of radionuclides, agricultural
chemicals, and soil constituents, climatologic studies will be required.
Studies may also be needed on the relation of climate to human
nutrition.

Koovoay

Understanding of the health problems associated with foods requires
knowledge of food chains and the factors that determine the dietary
habits of man, These important components of human ecology can
best be investigated in broad studies, but are of special interest to
DEEFP.

Reacror TeCcHNOLOGY

DEEFP has direct interests in (a) the possible contribution of
reactors to radionuclide contamination of foods and (3) the utilization
of high energy sources as tools for research on radiation sterilization,
neutron activation analysis, and the like. Because of the high costs
involved, the Division would prefer to utilize a central facility which
might be constructed and operated by the Division of Radiological
Health.



164 ENVIRONMENTAL HEALTH PROBLEMS

SyYsTEMS ANALYSIS

As noted above, DEEFP has need for supporting resources which
will bring to bear advanced mathematical theory and data processing
equipment on the public health surveillance of the food supply. These
resources will supplement the internal statistical competence of the
Division if a central facility is provided.

UNDEVELOPED RESOURCES

The DEEFP will have intermittent use for several areas of speciali-
zation which can be obtained from contractors or consultants, but may
not be available within the Bureau. In the field of food protection,
the following are presented as examples,

SOCIAL SCIENCES

For the understanding of dietary preferences and nutritional prob-
lems, the assistance of psychologists, sociologists, and economists will,
on occasion, be needed, but the Division does not now foresee a con-
tinuing workload in these areas which would justify internal develop-
ment of those specialties.

MEep1caL SciENCES

Although physicians and veterinarians with specialized training are
included in several areas covered under categories I and II above,
additional clinical specialists, in such fields as geriatrics, pediatrics,
radiology, allergy, dentistry, and internal medicine, may be needed
to undertake specific studies or provide advice on responses of man
and animals to food constituents or dietary regimens.

OTHER AREAS

Even within the areas where the Division has considerable compe-
tence, situations will almost certainly arise which require the help of
additional specialists in such fields as spectroscopy, organic synthesis,
chemotherapy, electrons microscopy, and the like. The full range of
possibilities can not be clearly defined in advance, but ample provision
should be made for the temporary employment of such individuals on
a basis that will be mutually acceptable to them and the Government.



REPORT OF THE SUBCOMMITTEE ON
OCCUPATIONAL HEALTH

RECOMMENDATIONS

1. Major strengthening of the PHS program in occupational health
is recommended to secure and maintain the health and well-being of
the gainfully employed of the Nation at the highest possible level, so
that they may realize their full potential as members of society and
the Nation may enjoy, in fullest degree, the benefits from our indus-
trial effort. The PHS must assume primary leadership in the ad-
vancement of the total national effort in occupational health.

2. To meet the foregoing, we recommend acceptance of the ob-
jectives, specific goals, and plan of action outlined in the accompanying
proposal as a ‘“charter” for the U.S. Public Health Service to follow.

3. Administrative organization and operation of the occupational
health program within the Environmental Health Center is recom-
mended as a means of insuring a strong position for occupational
health within the Public Health Service structure and in order to
gain strength from close association with other activities having cer-
tain common interest in the field of environmental health. The Sub-
committee wishes, however, to sound a note of caution. Care should
be taken to avoid compartmentalizing environmental health activities
by scientific disciplines and/or professions with consequent loss of
identity of the separate problem areas. The potential strength of
the Center should develop by interdivisional collaboration and mutual
attack upon problems of common interest, with encouragement of in-
terdisciplinary development, rather than by administrative prede-
termination of specific research areas.

4. As an essential part of the national effort in occupational health,
university research must be encouraged and expanded. To meet these
needs, financial support through the PHS has to be increased. In
addition to the present scheme of support for specific research projects,
we particularly recommend that the PHS be authorized to support
long-term university research programs in broader problem areas in
occupational health, so that effective research groups can be built up
within the universities with better chances of drawing well-trained
research scientists into this field. 'We also recommended that such re-
search undertakings be employed as a means of training scientists for
work in important areas of occupational health.

B. Support of specific training programs in occupational health in
appropriate universities, and provision of fellowships for student sup-
port, are recommended.

166
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6. A program of inservice training is recommended, to be operated
within and by the staff of the Division of Occupational Health, to
meet two major needs in technical training: (@) for certain Division
personnel; and () for personnel in State and local health services.
In addition to the short-term training provided under (a) above, the
Bureau should intensify the program of formal academic postgrad-
uate out-of-service training for suitable personnel in the Division of
Occupational Health,

7. To meet the manpower requirements for the proposed program,
an increase in personnel, as set out in table 1 of this report, is recom-
mended over the next 5 years. It is anticipated that the staff needs
for 1971 will exceed those shown for 1966 by approximately 50
percent.

TanprLe 1. Hstimated Technical Manpower Requirements

Professional discipline 1661 1966

Engineerin g e 12 40
PR8I OB o e e e e e m e im—e e Amamemsmemrm o ma—mm——— 7 20
L8127 411123 5 o~ SO O 37 130
Bl OB T e e e e e crcc e cmmam— e rmemmmemesmemearr e ae~m—mnmam—a——— 8 40
Medical and paramedical. . e acm e accv—————— 36 80
AlHed BeIOmee8 .« c o e eme e e e e et e c e m et mmmr e e 8 40

Ot e e e e e e e e meemmamasmasmeeeasemmemecmesemma——————— 108 as0

8. The sums of money set forth in table 2 of this report are recom-
mended for the support of the proposed program over the next 5 years,
It is anticipated and recommended that the budget for 1971 exceed
that of 1966 by a factor of approximately 2. '

TABLE 2. Estimated Fiscal Requirements

[Millions of dollars}]
Use 1961 1862 1963 1964 1966 1066
Grante
Research grants. - oo cmceaae 1.4 4 5 7 8 11
Project tralning granta.. oo e 1 4 7
Other grants and fellowship8. . ceoceoeilonnmnanann .8 1 1 2 3
Total, grants. ... ceeioeineaaaaamnas 1.4 4.5 8 " 14 21
Direct operalions '
ROBOAYCN. oo enccvcaccacmneomcmamamann 1.0 1.2 2.5 3 4 5
LW 71111 ) T S, 2 .2 .4 1 1 1,5
Technical assistance. . . rooreommeans 7 7 L1 2 3 3,5
Total, direct operations. ...c..aeen.. 1.9 21 4 6 8 10
Total, occupational health._........ 3.3 6.6 10 i5 2 31
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INTRODUCTION

The Subcommittes met with representatives of the Division of
Occupational Health on September 10 and the Chairman had a further
conference on September 19. In the course of these meetings, the
mission of the Subcommittee was reviewed and the overall objectives,
present operation of the Division, and needs for continuation and
expansion of the national program of occupational health were exam-
ined in a preliminary way. The Division staff were asked to prepare
a working paper, setting forth in more specific detail a statement
of the present and future problems in occupational health; the objec-
tives and specific goals as developed in the Subcommittee-staff discus-
sion; and an outline of the programs, organization, and facilities
needed to meet these goals. In the preparation of this paper, the staff
was particularly requested to examine the subject in relation to the
central questions confronting the committee on environmental health,
having to do with meeting the scientific and professional manpower
requirements, provision of the necessary organization and physical
facilities for the conduct of essential research, both in the laboratory
and in the industries, proper coordination and balance between the
PHS and non-Federal agencies in respect to research and training of
scientific and professional personnel, and between PHS and other
Federal agencies having personnel and research facilities and respon-
sibilities in the areas of occupational health. These questions, in turn,
center around the main question respecting the need for an organic
Environmental Health Center designed to bring together for mutueal
strengthening and to give a central purpose to the several major prob-
lem areas of public health arising out of environmental challenges to
man’s health. -

The staff working paper was reviewed by the Subcommittes and
consultants on September 27 and is attached as & supplement to the
Subcommittee report. It reflects the Subcommittee views and pro-
vides essential foundation material in support of the conclusions and
recommendations of this report.

NEEDS FOR A STRONG PROGRAM IN OCCUPATIONAL HEALTH

The need for a strong national effort to secure and maintain maxi-
mum health among the gainfully employed men and women of Amer-
ica requires no particular justification. The need is obvious. They
must be given the same protection against ill health as is enjoyed by
other members of our society but, in addition, they require special
protection against the peculiar health hazards that arise out of and
in the course of their work. As individuals, too, and from the stand-
point of total national welfare, both economic and in terms of deeper
human values, every opportunity must be taken to raise their level of
health in a positive sense, over and above the mere elimination of
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negative health factors. Great benefits have come from advances in
science and technology and from their application by our industries.
These have not been gained, however, without certain costs in terms
of human values. If we are to enjoy to the fullest extent the benefits
from our modern industrial society, these costs have to be better rec-
ognized, evaluated, and reduced. The national effort in occupational
health must be directed to this end. All of the costs, of course, are
not to be measured in terms of ill health, but it is in this area that we
can especially expect clear-cut returns. The remarkable successes
from organized, scientific public health effort of the past assure this,
and success will be limited only by the extent of our effort to define
the problems, identify significant cause-and-effect relationships, and
devise and apply corrective measures. These broad principles and
methods of operation—the basic, time-tested procedures of public
health—are spelled out for particular application to occupational
health in the accompanying program.

The specific problems of occupational health are many and varied
and, owing to the dynamic nature of American industry, it is impos-
sible to anticipate the exact nature of future problems. Hence, an
occupational health program must be flexible, anticipating new prob-
lems in broad categories and not making rigid commitments to partie-
ular areas of research, development, and operation. The Subcom-
mittee accepts and recommends this program as a broadly conceived,
sound, and essential “charter” to meet the particular responsibilities
of the Federal Public Health Service within the total national effort
to secure and maintain the health of the gainfully employed.

It is significant to note that the total cost of the current program
in occupational health amounts to 5 cents per worker, per year, and
that the estimated cost of the fully expanded program for 1970 would
amount to not more than 70 cents per worker, per year. On the basis
of past accomplishments, the returns to the Nation would more than
offset these expenditures.

RESPONSIBILITY OF THE PUBLIC HEALTH SERVICE IN OCCUPATIONAL
HEALTH '

The direct operation of services to protect the health of employed
people has to be done by the industries themselves, and direct govern-
mental assistance in such efforts is carred out by State and local public
health agencies. The esssential role of the U.S. Public Health Service
is one of leadership and advisory assistance, supported by a dynamic
research program designed to provide the necessary scientific and
technical knowledge on which to base effective control measures. Be-
cause the health problems of industry are so varied and involve so
many different man-environment relationships—physical, chemical,
biological, and social—and because the health problems of the gain-
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fully employed cannot be divorced from nor dealt with altogether
separately from those of the general public, it is evident that the re-
search programs, scientific and professional staff, research facilities
and means for undertaking field studies and operation must be broadly
based. It must draw upon scientific skills in all branches of the physi-
cal, biological, behavioral, and social sciences, and their counterparts
in applied science and professional practice, medicine, engineering,
etc. Individuals from these many areas must be brought together to
work jointly upon problems of common concern. Thus, organized
effort in occupational health has to be problem oriented rather than
by disciplines or professions. It cannot be compartmentalized by
disease categories nor by classes of stress agents, nor can it be viewed
solely as an area of environmental health in the sense that common
denominators of the environment dominate the different problems.
Primary importance is given to man-environment relationships that
may disturb health, but from one situation to another the environ-
mental stress factors range over the whole gamut of physical, chem-
ical, biological, and social relationships to man, and the relative
importance of man and of environment in the quation shifts from
one problem to another. Problems are solved in one case mainly by
correcting the environment and in others by working with people.

OCCUPATIONAL HEALTH WITHIN A BUREAU OF ENVIRONMENTAL
HEALTH

In order best to serve the national needs in occupational health, the
Federal program must be organized within the Public Health Service
in such a way as to draw maximum strength from the other activities,
staff, and facilities of the Service. It was with this point in mind
that the Subcommittee examined the question of the place of the
Division of Occupational Health within the Bureau of Environmental
Health, and, physically, within the Environmental Health Center
The followmg points are made:

1. The nature, magnitude, and national importance of a Federal program in
occupational health are such that the program must occupy a strong position
and at a high level within the Service to insure its essential support.

2. The structure of the Occupational Health Division, its staff and facilities,
must be sufficient, up to a point, to insure its independent capacity to perform
its mission, Since this is not an isolated area of concern, it should be organized,
both conceptually and administratively, with those other PHS activities from
which it will particularly gain strength.

8. Occupational health has many {important ‘and obvious interrelations with
other areas within the proposed grouping of environmental health activities.
Problems of radiologic health, air pollution, and water pollution are inevitably
associated with industry. General sanitary controls, food protection, and other
such environmental problems are encountered in the industries as well as in
the surrounding communities. Basic approaches and the kinde of scientific
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and professional skills needed in the several areas have much in common, and
close association will give mutual strength to the several divisional programs,

4. Administrative compactness, efiiclency, and economy of operations, avold-
ance of unnecessary duplication of scientific staff and research facilities, and
the convenience of certain common services are further important advantages
to be gained from operation within the Center.

5. There are some important common areas of interest in basic research which
can be properly shared, as well as common scientific and technical services. In
both basic research and high-level gervices the cost of separate provision would
be prohibitive. There is greater chance, too, of recruiting first-quality scientists
Into the larger and broader Center.

In view of the foregoing points, the Subcommittee believes that the
Division of Occupational Health will gain material strength by ad-
ministrative organization within the Environmental Health Center.
In doing so, however, it must have its own integral organization, in-
cluding a staff drawn from all the necessary areas of science and the
professions to insure its effective operation. Thus, for example, it
must have its own research program in industrial toxicology, its own
competence in epidemiological research, etc. The Subcommittee be-
lieves, as matter of administrative policy, that the common scientific
effort of the Center should be developed and maintained by bringing
together appropriate individuals from the several divisions for
common study of problems, rather than by setting up in advance
permanent groups to carry out basic research in separate underlying
disciplines.

MANPOWER NEEDS, TRAINING AND NON.FEDERAL RESEARCH

With respect to special charges to the Committee on Environmental
Health concerning manpower needs, Federal and non-Federal research
and inter-Federal coordination of activities in environmental health,
the accompanying working paper sets forth the needs within the
Occupational Health Division, we believe, in a reasonable manner.
Manpower requirements—for the Division itself—as presented in
the tables are not of great magnitude; they represent about
a fourfold increase over present staff within 10 years. New person-
nel are to be drawn from many areas of science and the professions,
and the numbers from each are not large. For the country as a whole,
the estimates of needs are much bigger, but it must be pointed out that
these are ideal figures for a fully developed program. Actual de-
mands will be much more dependent upon the success with which real
needs are met. We believe that the well-defined needs can be met
without unreasonable expansion of existing university-training pro-
grams, in either the underlying disciplines and professions or in
schools of public health or other university departments devoted to
training of occupational health specialists.
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An important point to be noted is that much of the staff training
for the Division can be done through inservice programs and, with
respect to training of personnel for State health services, major de-
pendence has to be on such intensive training within the Division.
This has worked very well in the past and will in the future. This
means a continuing training program must be made a part of the
operation of the Division. For convenience and efficiency, such in-
service training activities may share a common administrative setup
within the Center with the other divisions, but we believe that the
actual planning and conduct of training courses should be carried
on within and by the staff of the Division to insure close integration
within its own problem area. Training has to be oriented around the
health problems of the industries and not by disciplines or professions
or in terms of general environmental health,

The Subcommittee agreed that the universities must be encouraged
and supported in a greater research effort in problems of occupational
health, for three reasons: first, proper training of occupational health
specialists (especially research workers) can be done most effectively
by a faculty who are, themselves, deeply involved in solving occupa-
tional health problems; second, there are certain areas of research that
can best be done in the university, free of the government-private in-
dustry relationship; third, such university programs multiply in a
major way the number of research workers throughout the country
who are involved in and committed to this important area of research.
The Subcommitteee was not able to draw any sharp lines between
Federal and non-Federal research activities, in respect to either the
nature or magnitude of effort. Given strong leadership within the
Public Health Service, we believe these questions are best left to be
answered as the program develops.

In respect to questions of inter-Federal relationships and coordina-
tion of efforts in occupational health, the Subcommittee found no
problems of immediate concern and does not feel that this matter has
particular application to the present question of how best to organize
occupational health activities within PHS,



Supplement
PHS PROGRAM IN OCCUPATIONAL HEALTH

DEFINITIONS

The general objective of health programs may be defined, not merely
as maximizing the length of life of the individual but also as per-
mitting him to realize his full potential as a member of society. Mere
length of life is not enough; the eflectiveness of the individual
throughout that life is just as important.

The pattern of bodily functions which determines maximum ex-
pression, or health, is the result of interactions between the charac-
teristics of the individual, on the one hand (such as bodily conforma-
tion, physiological reactions, psychomotor functions, psychological
patterns, and immunities); and the environmental conditions sur-
rounding him (such as physical factors, chemical contacts, electrical
conditions, radiation, infective and allergenic agents, psychological
stresses, soctoeconomic conditions, etc.), on the other. From whence
it follows that health can be understood and preserved only by ade-
quate and simultaneous attention to both the man and the environ-
ment.

The term “Occupational Health” signifies that part of the total
health picture which is closely associated with the individual’s occu-
pation. While it needs to be viewed in relation to the individual’s
total life, this segment calls for special consideration because: (a) it
presents certain special environmental influences or risks; (b) the
worker’s life centers around his work; (¢) it brings persons together
into defined groups which can be studied not only as regards specific
occupational diseases but also in respect to disturbances affecting the
population at large; (d) health enters in an important way into the
relationships between employer and employee; and (e) the products
of industry in turn affect the life of people in general. The term
“occupational” should be taken in the wide sense of including all
types of occupation, and the term “industry” should be taken in a
similarly wide sense of any department or branch of art, occupation,
or business; especially one which employs much labor and capital
and is a distinct branch of trade. Agricultural, educational, and
service work and workers, for example, would be included as well as
those of the mechanical and chemical industries,

The basic objectives of any occupational health program can
be very simply stated: (@) recognition of the influences and risks;
(5) evaluation of their effect upon human health and efficiency; (o)
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development of preventive measures, and (d) effective application of
the knowledge so gained to industrial practice.

HISTORICAL

The traditional emphasis in the study of occupational disease has
been on specific, dramatic, and killing diseases apparently caused by
single or small groups of environmental factors. Medical history from
Agricola (mid-16th century) to McCord (early 20th century) affords
eloquent testimony to the success of this approach, but occupational
medicine today suffers to a certain extent by that very success. The
recognition and conquest of such killing and disabling diseases as
lead poisoning, mercury poisoning, tar cancer, phosphorus poisoning,
radium poisoning, and silico-tuberculosis, is a classical story. Such
cases as still develop are nearly always traceable to failure in the
application of knowledge rather than to lack of knowledge. New
Industrial materials will produce new hazards requiring careful detec-
tive work before the exact agent or mode of action is incriminated,
and to which the classical approach can be applied, but the principles
are known and the work can proceed along what are now fairly con-
ventional lines.

Occupational health today, however, must not only continue the
application of conventional methods to the detection of new agents,
but also extend its traditional concept in new dimensions. The prob-
lem confronting us today contains many elements that are new, but
our methods of attack have been slow to adapt to the new challenges.

In spite of the attention given to the single dramatically killing and
disabling factors, the health of the worker is far from optimal, and
frank occupational disease also persists. Some of this is due to newer
and as yet imperfectly defined agents, but much of it cannot be ex-
plained upon this basis. Much of this residual disease and disable-
ment may not be apparent to the casual observer, especially if he
telies upon the classical approach using the conventional examination
Procedures of clinical medicine, and conventional records of death
and reported disease. This residual disease and disablement may
not be dramatic, it may not kill (or not obviously), and much of the
disablement that it produces is apt to be subtle, of slow development,
and easily confounded with “normal” causes of progressive deteriora-
tion such as aging. The involvement of the individual may be less,
but more persons are involved, Of the 70 members of the civilian
labor force, probably more than half have some degree of physio-
logical impairment which could be greatly reduced if adequate knowl-
edge were available. Furthermore, the impairment is not produced by
single, isolatable, easily incriminated factors; rather it is the result
of multiple factors working together, each adding its own insult and
helping others to add theirs, |
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By way of example, we may point to the paradox that has devel-
oped in the South African mines—dust, as it .was known, has been
largely suppressed, and with it has disappeared the gross silicosis of
old; but pneumoconiosis remains, and resultant deterioration of pul-
monary and cardiac function continues. This pneumoconiosis may at
times even show a negative correlation with the environmental dust
count, at least as conventionally estimated. Again, with the decrease
In emphasis upon heavy physical labor, and the introduction of auto-
mation, the incidence of physical strain in industry can be expected to
decrease; but the psychological stresses are obviously increasing at
least in proportion, and probably absolutely as well. For example,
the problem of handling and interpreting masses of incoming infor-
mation, under pressure, in split-second fashion, and often with very
critical consequences, so dramatically seen in airport control rooms, is
developing with increasing frequency in communication centers across
the Nation, in plant control rooms, and in emergency installations.
Modern man shows remarkable ingenuity in the acquisition of infor-
mation, but much poorer ability in digesting it when he has it. In
less intensive fashion the psychological and social concomitants of the
job affect every worker, his relations with others, his productivity, his
anxieties, and his health—that is, the lifetime sum of his realization
as a member of society.

The traditional concept of occupational health as dealing with the
man-environment relationship, as it applies to the job, still holds and
can be as successful in the future as in the past in revealing the true
nature of the relationship, its significance for health, and the measures
that are necessary to optimize that health; but it must be exploited in
the new terms. The interrelated operation of multiple factors, the
existence of new factors, the importance of hitherto neglected classes
of factors, the aging of the population exposed, and the variability of
the human material must be taken into proper account; the less
marked, more slowly developing, less easily defined responses of man
to these factors must become the prime object of examination; and
the significance of total stress as well ag individual stresses must be
assessed. The relationship of disability to physiological status illus-
trated in the accompanying diagram remains the same; but whereas
we have hitherto concerned ourselves with the uppor portion of the
curve, applicable to only a small proportion of persons, we must now
give proper attention as well to the middle portion of the curve which
applies to the majority of employees over an extended potentially
rewarding lifespan. This is largely terra incognita, over which the
deteriorative and reparative processes fight out a fluctuating battle
for man’s health; we must discover the rules of this warfare, and
devise means for influencing the result in favor of man.
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For completeness, this historical conspectus should draw attention
to changes which can be seen in the legal setting in which practical
occupational health programs must operate. Whereas in the early
Years of this century corrective action tended to be taken only after
& direct causal relationship had been established between an environ-
mental factor and major disease, industry today is more and more
adopting the policy of instituting preventlve measures, if not before
the event, at least as soon as the risk is recognized. The role of Fed-
eral and Stata health agencies is correspondingly becomlng one of
advising and helping industry to help itself; there is a growing de- -
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mand being placed upon public health authorities for information,
research, and leadership as a supplement to and eventually, it is hoped,
a replacement for purely regulatory control. On the other hand,
there appears to be a growing tendency for the party at risk to resort
to litigation and claims for compensation, and a tendency on the part
of some jurists to liberalize the basis for granting compensation. Oc-
cupational health programs will necessarily need to temper their
practices to the varying legal winds that blow about them.

THE ROLE OF THE PUBLIC HEALTH SERVICE

The health of the worker is a national asset calling for protection
and conservation at all levels, Federal and State, academy and agency,
management and labor, economic and humanitarian. ‘While it would
be unwise to define too exactly the role of any one group in the total
effort to maximize human health, for fear of restricting individual
freedom in the striving for betterment, the general role of the Public
Health Service can be delineated.

In essence, the function of the Public Health Service is to provide
those opportunities for combined or coordinated action which are un-
likely to develop from the independent action and responsibilities of
the multitudinous individual activities across the Nation. It provides
the technical means for discharging those functions which are ad-
judged at the governmental level to be a Federal responsibility or
opportunity ; it provides a set of facilities for such research and in-
vestigation as is not easily developed by individual organizations: it
may sometimes permit review of a problem in a detached fashion not
always possible to those engaged in the daily flux of events; it pro-
vides a link between the more basic sciences and the severely practical
demands of immediate industrial operations; it furnishes a mecha-
nism for supporting those segments of the national effort which have
not developed sufficiently to meet national needs; and in all that it
does it has the opportunity of setting an example of devotion to the
national needs and aspirations. It does not and should not seek to
substitute its efforts for those that are the province of or are being
adequately discharged by individual groups; it does not and should
not undertake routine activities unrelated to its primary mission, or
which can be adequately carried out by others; and however much it
may assist others in the development of their own roles, it cannot and
should not take away from them their rightful initiative in the dis-
charge of those roles.

As was indicated earlier, the basic objectives of an occupational
health program can be simply stated as: (1) recognition of the influ-
ences and risks associated with occupations; (2) evaluation of their
effect upon human health and efficiency; (3) development of preven-
tive measures; and (4) effective application of the knowledge so
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gained to industrial practice. The program operated by the Public
Health Service should provide for all of these, not only by its internal
operations but also by proper support of State, industrial, and aca-
demic organizations engaged in relevant activities.

It is desirable that these objectives be examined in more detail be-
fore proceeding to a specific program. Here, as elsewhere, knowledge
cannot be divided into mutually exclusive compartments, so that there
will be a certain overlap between the categories described ; but in gen-
era] the description will proceed from the acquisition of information
to its application, and from the more fundamental aspects to their
practical significance.

1. RrocoaNiTiON AND DEFINITION OF QCCUPATIONAL INFLUENCES AND
Risgs

An outstanding characteristic of modern industry is change. It
would be unrealistic to rely upon past knowledge and experience to
predict or prepare for the future to say nothing of information con-
cerning those influences which were not previously recognized as sig-
nificant. The acquisition of detailed knowledge concerning the
existence, nature, and mode of operation of all significant factors is
essential to the design and prosecution of any worthwhile effort in
occupational health. Practice cannot be adequate unless this informa-
tion is extensive, representative, accurate, and projective.

a. Nature and trends of industrial processes: Except with the most
toxic materials or most damaging conditions, there is necessarily a
timelag between the introduction of a new material or process and the
recognition of deleterious effects in operating personnel. The timelag
is large enough where one is content with preventing frank disease or
disability ; but it is apt to be much greater still where the effects are
subtle nonspecific deteriorations of general health and efficiency. It is
very important, therefore, that information on industrial processes
and materials not only be kept current over a wide section of industry,
but that it include projections of the materials and processes that are
scheduled or even proposed for introduction over the following several
years. Had those concerned with public health been fully aware be-
forehand, for example, of the proposed development of epoxy resins,
gents for foaming plastics, or plastic materials for machining, and
In a position to study them, the effects of these substances and the deriv-
atives formed in processing could have been predicted, precautionary
Mmeasures devised, and a considerable amount of disability saved. The
rather fortuitous fact that health experts were consulted early in the
newly introduced plasma torch operations, with the consequent recom-
mendation of protective measures, could become the rule rather than
the exception. The institution of an adequate information-collecting
Scheme is not easy, but it is as important to the rational practice of
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occupational health as a sampling network is to an air pollution pro-
gram. The difficulties, though considerable, are not insurmountable
if attacked with quiet and tactful determination.

b. Mechanisms of human responses to environmental conditions:
In terms of the new dimensions cited sarlier, occupational health has
as its goal, not merely the prevention of additional cases of recog-
nized disability but the prevention of any cases at all. 1t is concerned,
not only with the immediate effects of occupational conditions but also
with the interaction between them and the various other vicissitudes of
the employee’s life. It implies knowing enough about all possible
causes and their mode of operation upon the body to recognize and
eliminate them before they have opportunity to be effective. To give
an example, one would not wait until pulmonary distress focused at-
tention upon a new substance X, or emotional outbreaks raised ques-
tions of sensory overloading, before inquiring into the cause and
devising preventive measures ; one would have established the probable
toxicity of X-like substances and the probable consequences of sensory
overloading beforehand, drawn attention to their possible occurrence,
and devised measures to eliminate the stress before breakdowns oc-
curred. Similarly with the operation of multiple environmental fac-
tors in the impairment of health, whether frank or insidious, the
significant patterns of combined operation would have been es-
tablished, the probable consequences worked out, and appropriate
preventive measures developed.

As of now, this would be a counsel of perfection indeed ; but never-
theless this is the goal toward which the new occupational health must
work. Itenvisages: (a) careful systematic review of all the environ-
mental factors that may affect human functions; (d) establishment of
their mode of operation on the body singly and in combination; and
(¢) the development of methods whereby their effects upon health,
used in its widest sense, can be systematically examined. In this sec-
tion we are concerned with the more fundamental aspects of this pic-
ture; the resolution of specific problems will be taken up in the next
section.

To meet these needs a comprehensive occupational health program
must provide: (a) mechanisms of keeping thoroughly abreast of cur-
rently available knowledge in the field; () support for those extra-
mural groups who have the ability but not the resources to develop the
areas of inadequate knowledge; (¢) internal resources to develop those
areas of inadequate knowledge not otherwise being prosecuted; and
(d) a continuing review and synthesis of emergent knowledge with
subsequent reevaluation of its efforts in the preceding categories.

It must pursue its inquiries wherever they may lead, not duplicating
activities and facilities available elsewhere, but certainly not being
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Inhibited in acquiring competence in techniques hitherto characteristic
of some other group or academie field but necessary for the job. Much
of the work can be expected to lie at a fairly basic or fundamental
level, and one of its characteristics will be the search for early and
sensitive indices of bodily response to environmental stresses.

As has been implied in the foregoing pages, recognition of this
pursuit as fundamental and essential to occupational health has been
slow to develop, with the result that such information as has accumu-
lated is still scattered and unorganized. Just how much really new
effort will be necessary, and along what lines it is most needed, will
not be clear until some systematization has been attempted. History
suggests, however, that many more questions will be revealed than
answered in the process. Certainly this type of fundamental and
systematic inquiry is the foundation upon which any adequate occu-
Pational health program of the future must be erected.

¢. Consideration of the total worker in a total environment: While
much of the scientific study of human responses to environmental fac-
tors must necessarily consider the components one at a time, the
ultimate fact must be kept in mind throughout that it is the total man,
operating in a total environment, with whom the program is concerned.
The necessity for ultimate synthesis of the emergent information must
be considered both in experimental design and in the interpretation of
results, Methods, disciplines, and approaches not now common in
studies of occupational health must be introduced. Psychology, soci-
ology, and economics must enter, not only into the implementation of
preventive measures but also into the basic study of how man—the total
man—reacts to environmental stresses, and how his reactions affect his
realization as a member of society.

The techniques for obtaining a total view of the man-environment
Picture are far from complete. Considerable attention must be given
to the techniques of synthesis even before there is much in the way of
Information to synthesize. A forward-looking program will place
this item very early in its development, since progress is likely to be
slow and arduous. In general, two types of procedure can be en-
visaged. Certain types of information, particularly of & quantitative
hature, can be integrated by mathematical techniques sometimes called
Operational analysis. Other types of information are best synthesized
by the roundtable technique—the repeated matching and attempted
Intellectual integration of information into a more meaningful whole,
8eparated by periods in which the individual contributors have the
chance to rework or expand their evidence in terms of the last
discussion,

As an example of the necessity for considering the combined action
of environmental variables, one may cite the current belief that the
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progress of chronic degenerative diseases is influenced, not merely by
diet, or workload, or psychological pressures, or past infective diseases,
or genetic constitution, or age, but by all of these things acting to-
gether. The contribution of the occupational situation to the progress
of a degenerative disease in a given individual, or in & group of em-
ployees, can be properly evaluated only in the light of the nonwork
factors, The significance of noise on work efficiency must similarly
be seen against a background of numerous other physical, psychologi-
cal, and social factors affecting efficiency. When we depart from the
killing or grossly disabling consequences of specific occupational con-
ditions, we find ourselves increasingly handicapped by lack of knowl-
edge on how the total man responds to all of the various stresses in-
herent in his total environment. This deficiency must be remedied.

2. EvarvvaTioNn oF Errecrs oN Human Hrarte aNxp EFFICIENCY

In the previous subsection we were concerned with the basic nature
of human responses to the spectrum of environmenta] influences
operating singly and in combination, and the establishment of methods
for assessing the significance of these reactions for human health. In
this subsection we will be concerned with the more specific objectives
of evaluating stated environmental conditions for stated groups of
people. Many of the methods to be described here as necessary to
specific evaluations are applicable as well to the more basic studies
already described.

a. Evaluation from general principles: As the more generalized
knowledge discussed in the preceding subsection advances, and as the
data obtained in specific studies accumulate, it becomes progressively
possible to make some types of evaluation solely upon the basis of
those principles and data. It is possible now, for example, to make
some predictions about the reactions of workers to very hot environ-
ments, the length of time that they can work efficiently, and the prob-
able rate-of-performance deterioration if work is continued. As
knowledge grows, the opportunities for this type of evaluation can be
expected to increase, and programs must make corresponding pro-
visions for its use.

b. Field studies: Examination of employees in their normal occupa-
tional environment, where the relevant environmental conditions are
known or can be simultaneously measured, has the advantage of pro-
viding information under realistic conditions, and usnally on large
numbers of persons, The disadvantages introduced by the operation
of numerous uncontrolled or even unrecognized factors can be offset
to a certain extent by adequate statistical procedures. As a standard
method of public health inquiry, it has yielded very valuable infor-
mation in the past on the status of metal miners, diatomite workers,
and granite cutters. It has established the essential causative re-
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lation ship between uranium mining and an increased incidence of
lung cancer. It needs to be continued and applied to those industries
which are amenable to it. But new and more sensitive methods of
detecting early deviations from normal function, such as blood enzyme
profiles, need to be added to the more conventional clinical survey
techniques as they emerge from the more basic studies.

¢. Ewperimental studies—hwman: These, by contrast with the pre-
vious studies, examine the reactions of selected subjects to the
operation of graded stresses, singly or in small combinations, under
conditions that are otherwise controlled. They yield information on
the precise and quantitative effects of specified environmental factors,
but usually on comparatively few subjects and under necessarily arti-
ficial conditions. The resultant information needs to be carefully
matched with that obtained by the previous method, and discrepan-
cies subjected to further examination. This, the classical method of
scientific investigation, must continue to constitute an important part
of any research program. It has yielded valuable, sometimes critical,
information in the past on the operation of such environmental factors
as heat, sound, vibration, and workload. It must be extended and ap-
plied to the operation on multiple factors, including the psychological.

d. Ewperimental studies—animal: Tt is virtually impossible to ex-
Pose human subjects deliberately to many of the potentially injurious
environmental conditions that need to be studied, at least with in-
tensities and for periods that will give significant results. Much of
our knowledge concerning the toxic properties of chemical substances,
lonizing radiation, and physical agents has necessarily come from
animal experiments. Such experiments have the great advantage,
also, that large numbers can be exposed, and proper statistical account
taken of variability. Unfortunately, animals by no means always
react to environmental conditions in the same way as man; in fact,
different species of animals may react in markedly different ways
from each other. Animal experimentation must continue, perhaps on
an even bigger scale, especially with primates, but provision must be
made for very careful comparison of the results so obtained with what
can be learned about human reactions, and final interpretation made
in conjoint terms. The growing use of experimental animals for in-
vestigation of psychological situations will extend both the use and
the significance of this type of evaluation. As more is learned about
the techniques of animal care, and the importance of standardizing
the nonexperimental aspects of their environment, the facilities will
necessarily become more elaborate and the supervision call for more
specialized professional care,

e. Olinical studies: Medical examination of persons suffering from
diseases believed to be associated with occupation was, of course, the
original method of investigation, and it will continue as long as
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employees get sick. It is still an important weapon in the armamen-
tarium, and adequate facilities for its prosecution are essential. But
it is now increasingly supplemented by the other lines of inquiry
described here, and its own methodology is becoming increasingly
complex, to the point that it may be hard to distinguish at times be-
tween clinical and other types of injuiry. Here, as in field studies,
there is a continuing search for more and more sensitive indices of
altered physiological function, which can be applied to their detection
at earlier stages of displacement,

J. E'pidemiological studies: Review of statistical mmformation on
the incidence of death or disease has been one of the standard methods
of determining the existence, extent, progress, and possible causes of
disease in given populations, The basic data may be gleaned from
published vital statistics, hospital or clinic records, field studies,
special census, or insurance returns. It necessarily deals with events
that have already taken place, are recognized as such, and have been
recorded. It cannot take account of the undeveloped, the unrecog-
nized, or the unrecorded. Nevertheless, it will continue to be a major
tool in the investigation of occupational health, and provision must
be made in any comprehensive program for its increasing use as the
volume of recorded data increases, better methods of detection are
devised, and quantitative information is derived from more and more
fundamental aspects of the disease (or nonhealth) process.

g. Economic evaluation: The real cost to the individual, the indus-
try, the community, and the Nation must be known if public health
resources are to be allocated in optimal fashion, attention focused on
the economically important problems, and the most economically ef-
fective control measures selected. Techniques for adequate analysis
are still in the developmental stage, and much remains to be dis-
covered about the guiding principles. Nevertheless, progress is sub-
stantial, so that a realistic program for the future must include pro-
vision for very significant activity in this respect.

3. DEVELOPMENT OF PREVENTIVE MEASURES

a. Determination of standards of acceptability: Tt would be un-
realistic to demand that all traces of all potentially deleterious influ-
ences be removed from occupational situations, or to insist on control
measures that cannot be economically sustained, unless the threat to
health were grave indeed. Some levels of intensity which are accept-
able must be set, and control procedures developed to meet those levels.
In many cases more than one level may need to be set for a given en-
vironmental conditions, depending upon the duration and frequency
of exposure, other coincident and influential environmental conditions,
age and sex of persons exposed, national necessity etc. Much work
has been done in the setting of limits for the gases, vapors, and fumes
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encountered in industry, and for certain dusts developed in mining
and kindred trades. But close examination shows many inadequacies
in both the determination and the application of such standards. For
example, the data derived from animal experiments are not usually
backed by any substantial body of information derived from human
reactions, the effect of rate of work on the toxicity of inhaled material
is seldom taken into account, the methods used for determining air
concentrations are not always well adapted to the particular material,
and the evidence upon which to base decisions is sometimes very scanty.
Much the same sort of criticism can be made about current standards
for such things as tolerable hot conditions, noise levels, illumination
qualities such as glare, vibration, and other physical factors in the
environment. Virtually no standards have been devised for accept-
able psychological conditions. An adequate program in occupational
health must provide for marked improvement of standard setting, and
extension of this process over a much wider range of environmental
conditions. The high dependence upon animal reactions needs to be
offset by careful examination of human evidence; and the various
conditions such as work stress, heat, age, prior exposure, and simul-
taneous exposure which may markedly affect tolerance must be much
more carefully defined.

b. Development of engineering control methods: Engineering pro-
cedures such as ventilation, directed airflows, noise suppression, heating
and cooling devices, air filtration and precipitation, and regulation
of illumination will probably continue to be the mainstay of environ-
ment control practice. They will, however, need frequent revision
to meet the changing needs of industrial situations, and to in-
corporate the benefits of technological advance. Associated with this
more classical type of engineering are the newer techniques often
termed “human engineering,” in which the design of tools, machines,
Procedures, and installations is adapted to the characteristics and
capabilities of the man who operates them, to maximize his effective-
Ness and minimize the stress placed upon him. Both classical and
human engineering must find a prominent place in both the principles
and practice of industrial engineering.

¢. Pharmacological methods of control: As we get to know the
detailed ways in which bodily processes respond to or are affected by
environmental stresses, we begin to see how they may be helped or
Protected by the administration of substances having specific pharma-
cological action. To take a simple example, if it is demonstrated that
& particular substance owes its toxicological properties to the fact that
1t blocks the transmision of impulses from nerve to muscle, then a
rational method of treatment and perhaps of prevention would be to
administer a substance which facilitates the transmission, or some
substances that would lock with the toxic material and prevent its ac-
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tion at the junction. Or again, less drastic vasodilators than nitro-
glycerin might very well be used to counteract the weekend effects of
temporary deprivation experienced by nitroglycerin workers.

d. Organizational methods of control: In spite of the general tend-
ency to rely more and more on automatic detection devices and regu-
lators, prevention, in the final analysis, arises from a human desire
and by human decision. A great deal can be done, by so arranging
Iayout that employees are placed in positions of least hazard, by
explaining to employees the toxic potentialities of the materials they
handle, by inculcating an appreciation of control measures, and by
inducing a rational organization of the work regime. Insufficient
attention has been given to a study of the personal factors involved
in requiring, devising, operating, and monitoring control procedures,
or in training employees in proper attitudes toward prevention. Some
place must be found for this type of study in a developing occupational
health program.

4, PrACTICAL APPLICATIONS

Knowledge must come first, but knowledge alone is not enough.
The employee’s health will not be improved unless the knowledge is
applied with appreciation, understanding, and patience. It isessential
to the practice of occupational health that there be a strong, active,
informed, and smoothly coordinated machine for putting knowledge
to work at all levels of responsibility through Federal, State, county,
city, and industrial organizations, At each level several modes of
operation are necessary, and all must find proper representation in the
program.

a. Investigative and advisory services: A public health service, by
definition, must be ready to provide service to the Nation in accordance
with the current state of the art, and on a scale commensurate with
the significance for the national interest of the problems presented.
This may take the form of a direct service by PHS personnel, assist-
ance to State or local health authorities, support of the same author-
ities, or collaborative activities with them in varying proportions.
Labor and industrial organizations will have similar claims upon
PHS service, although policy may dictate that such service be given
through or with the consent of the State and local authorities. The
individual taxpayer has some claim to consideration also, and some
provision should be made for answering, or at least directing, such
inquiries into appropriate State or local channels, The service to be
rendered may range from simple answers to specific queries, through
short-term investigations of trouble spots, to long-range studies of
unresolved problems affecting a wide section of the Nation, While
some such services can be integrated with on-going deliberate research,
others may present a competition for available personnel. Neverthe-
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less, the program and the organization set up to conduct the program
must make adequate provisions for such services, and their use should
be encouraged. This is one of the major delivery points of the system,
and everything must be done to make it effective. At the present time
this service is not as highly developed as it might be, partly because of
limited resources, and a reluctance to promote requests that may have
to be denied ; but partly also because of a lack of appreciation by those
who could be helped of their needs and opportunities.

b. Elaboration of codes and guides : The translation of scientific and
technical information into practical action is often hampered by the
difference between the ways of thinking customary to the two groups
involved, A very important step in such translation is the develop-
ment of illustrative codes or guides for the control of undesirable
situations, which can be used by the health authorities, industrial
health programs, safety associations, etc., as a basis for drawing up
specific regulations or instructions for local use. PHS personnel are
in a particularly advantageous position to assist in this essential trans-
lation, if they can be assured of sufficient freedom from other duties.

e. Technical instruction: The provision of trained and informed
personne] to meet the national needs in occupational health is a matter
which will be taken up in a later section of this report; but mention
should be made at this stage of the provision that a PHS program
must make for technical instruction in its normal operating program.
There are certain types of instruction, particularly of the short-course,
technical type, which universities are unwilling or even unsuited to
undertake, Intensive training in dust counting, lead analysis, ventila-
tion control, thermal assessment, air-sampling techniques, and kindred
severely practical procedures are illustrative of the training that
PHS facilities can very well provide. More fundamental instruction
in areas of specialization in which individual PHS officers happen to
be authorities constitutes another field in which training might be
offered with advantage. Beyond these, there are areas in which PHS
personnel may well cooperate with universities in conjoint instruction,
either because of special knowledge or equipment, or in the develop-
ment of courses which would afterward be handled by the universities
alone. During the period of growth in occupational health activities,
considerable demand can be expected for this type of training. At s
later date the demand may settle down to a steady, but still very sig-
nificant level. These demands must be foreseen and adequate provi-
sions made in any definitive program.

d. Publication: The national belief in the importance of the printed
word is certainly as well justified in the application of public health
knowledge as in other fields. Both as a means of dissemination, and
88 a record of what was actually reported or advocated, publication
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stands supreme. Proper provision is essential in every occupational
health program for the preparation, printing, and dissemination of
information of various types: research and professional papers,
monographs, technical bulletins, statistical tables, technical reports,
and instructions, popular articles, handbooks, and exhortative leaflets,
to name only a few. The common tendency to leave the preparation of
material to odd moments reluctantly snatched from “real” work, and
to provide insufficient resources for the costly business of reproduction,
must be corrected if a program is to be adequately known, appreciated,
and used by the potential beneficiaries across the Nation,

e. Public information service; The individual, as well as the in-
volved groups, has a claim to know the current events and beliefs in
this field, not only through his right as a taxpayer but also as a mem-
ber of that mainstay of democracy, an informed public. While it
would be impossible for a service to deal with a hundred million in-
dividual inquiries, it can and should provide mass educational material
for public information. This, too, costs money and effort, for which
adequate provision must be made in a comprehensive program,

SPECIFIC PUBLIC HEALTH SERVICE PROGRAM

The preceding section presented the broad objectives of a realistic,
forward-looking Public Health Service program. This section will
be concerned with formulating such a program in specific terms. The
program items will take the order: intelligence (1), research (2-7),
services (8, 9), technical training, (10), grants (11), and ecology
(12). Item 11 will deal with the support of research and training by
universities and other appropriate institutions or groups. The re-
maining items will deal with direct operations by DOH and work
done under contract by external organizations or individuals.

1. EvarvaTioN or Trexps 1xv QcovrarioNan HesurH

Background: The planning of research, the rational allocation of
resources, and the evaluation of preventive efforts demand that the
information be constantly available as to new or potential environ-
mental hazards, the patterns of illness or death as related to occupa-
tion or industry, and the resources available for the study and control
of hazards in the work environment.

Present status: Information on current industrial practices is ob-
tained only from incidental contacts in the course of investigations,
and a rather unsystematic examination of industrial literature. There
is no organized network for the acquisition of information on current
trends, let alone ideas scheduled for development, and thus little or
no foreknowledge of situations which may be created by new materials
or processes. Vital statistics of a routine character are obtained from
the Bureau of Old-Age and Survivors Insurance (BOASI) and
census returns, and some special information can be obtained by
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arrangement with these agencies. Data are beginning to come in
from the recent addition of occupational information to the National
Health Survey. Information on relevant articles published in foreign

countries is beginning to come in through the recently established
CIS plan.

Five-year goals:

a@. Completion of the analysis of preliminary data obtained as a
result of adding occupational information to the National Health
Survey.

b. Application of Bureau of Old-Age and Survivors Insurance co-
hort analyses to studies of mortality and disability in four or five
specific industrial groups.

¢. Coding and storage for retrieval of pertinent information on old
and new industrial chemicals and physical agents now being filed in
the Occupational Health Information Exchange.

d. Completion of cooperative pilot study of one or more major
health plans in which occupational information and health experience
of subscribers will be surveyed.

e. Development of an effective method for the international ex-
change of information on occupational health hazards and studies.

f- Development of an effective file of information on medical care
Programs and environmental health research programs of all major
American industries.

g. Development of trial surveillance procedures for the recognition
of new or potential problems in selected industry.

Ten-year goals:

a@. Publication annually of statistics on occupational relationship in
BOASI mortality and morbidity records.

b. Incorporation of occupational data in reports of major medical
care plans, |

¢. Assignment of an individual trained and experienced in occupa-
tional health intelligence surveillance in every region. |

d. Institution of surveillance network in selected industry to pro-
vide information on the appearance of new or potential problems.

2. Cuwrcarn anp EpmeuMrorocroal Stunres or OccuraTioNar Disease

Background : Disease, disability, and impairment must be studied
to the extent that they are revealed by vital statistics, case records,
or clinical examination as identifiable entities, and by persons who are
in constant touch with clinical realities, to whom the data represent
Something more than a set of statistics, although statistical methods
will be employed to the limit of their usefulness. The results of such
studies need, in turn, to be linked with other types of evidence, and
further studies of a similar nature, in the attempt to complete our
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understanding of the incidence, severity, progress, causation, and
prevention of the disturbances examined.

Present status: While such studies have classically constituted the
primary mode of attack on problems of recognizing occupational dis-
eases, modern data processing methods have greatly extended the
scope of the information that may be extracted from the data, and the
ease of handling large masses of data and of establishing correlations
between events. At the same time, increased understanding of the
fundamental nature of the disturbances of function set up by environ-
mental conditions has increased the range of phenomena on which
data can be obtained and analyzed by these techniques.

Five-year goals: ‘

a. The development of teams trained and competent in a number of
specialized areas of occupational health, prepared to participate
actively in clinical research and in epidemiological studies. Examples
of areas where competence will be needed include:

(1) Occupational dermatology.

(2) Occupational pulmonary diseases, with plans for the systematic study
of selected groups exposed to Industrial dusts, irritant gases, mists, or fumes,
to obtain quantitative data on the long-term effects of stich exposures upon the
lungs. Concern here is not only with the pneumoconioses, but also obstructive
emphysema, chronic bronchitis, and aggravating effects on other chronic disease.
Specific occupational groups needing study include workers exposed to cotton
and other vegetable fibers, to coal dust, and to asbestos.

(3) Systemic disease, dealing with the systemic effects of environmental
conditions and substances resulting in clinical disease.

b. The initiation of surveys of major occupational or industrial
groups to define potential areas of risk to health, current and pro-
jected preventive health programs. Each survey, in cooperation with
industry, would lead to a monograph containing practical informa-
tion useful to engineers, physicians, and other health personnel.

¢, Development of clinical facilities, preferably in a Public Health
hospital, for the study of problem cases selected for special study or
referred for evaluation from a Federal agency.

d. Constant availability of a medical and industrial hygiene team
for prompt and effective study of suspected outbreaks of occupational
diseases.

Ten-year goals:

a. Continued development of clinical and laboratory groups oriented
toward specialized areas of occupational health.

5. Expansion of clinical facilities, with provision for regular rota-
tion of clinical staff members.

Toxtcoroerc STupies IN LABORATORY AND FIELD

Background: It is imperative that PHS be in a position to evalu-
ate critically all available information on the toxicity of substances
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a.nd materials to which workers may be exposed, to carry out impar-
tial laboratory and field studies where indicated, to resolve conflicting
evidence, to evaluate the risks of submitting familiar materials to
new processes, to develop techniques for the early recognition of
deleterious effects in man, and to apply this information precisely and
quickly to the formulation of standards and the issuance of advice
on preventive measures. When multiple exposures, concomitant
Physical agents, infectious agents, and inherited metabolic derange-

ments are considered, the permutations which require consideration
are almost infinite.

Prosent status: Considerable activity has been maintained, as evi-
dfbnced by recent studies on the toxicology of vanadium, ozone,
nitrogen peroxide, and fluoride, and by current studies on oil mists,
toluene diisocyanate, and intermetallic compounds. Increased atten-
tion has been given more recently to an investigation of the basic
mechanisms by which substances produce toxic effects and by which
bodily tissues respond. But there is no systematic survey of new ma-
terials, The larger chemical firms do a considerable amount of work
toward establishing the toxicity of new substances before they are
released to the public, but this is not so well done in the case of the
smaller companies. Substances with toxic potential which get on to
the market without adequate screening come up for examination only
after deleterious effects have been produced.

Five-year goals:

a. An expanded program both in toxicologic evaluation and in
studying mechanisms of action. Emphasis will be placed on combi-
nations of chemical agents or of chemical and physical agents known
to occur in industry. .

b. Development of techniques which will facilitate the interpre-
tation of animal behavioral reactions for the estimation of human
reactions to and tolerances for toxic substances.

o. Exploitation of promising leads to determine the usefulness of
biochemical criteria, including enzyme patterns, as early indicators
of toxic reaction in animals and man.

d. Studies on the effects of fatigue and other body strains upon a
Susceptibility to toxic actions. -

e. Strengthening of mechanisms for the coordination of laboratory
toxicology and studies of exposed employees.

Ten-year goals:

a. Continued development along the same lines, with technigues
employed dependent upon results of earlier programs and substances
to be tested dependent upon current industrial practices, number of
persons exposed, character of observed reactions and criticality of
the process.
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b. Increased attention to development of methods for determining
in advance unusually susceptible individuals, which may be found
dependent upon now unsuspected genetic differences.

4. ERGONOMICS AND STRESS EVALUATION

Background: The physiological processes of the body constitute
the essential mechanism on which environmental stresses operate to
produce the disturbances that eventually lead to the departure from
normal that is termed disease. Every stress evokes both deteriorative
and compensatory reactions. The conditions which determine the
balance between them must be known, measures for measuring the
net balance devised, and the ultimate significance for the individual
determined. Understanding of these processes and their reaction
to environmental conditions is basic to occupational health studies
such as toxicology and occupational medicine.

Present status: Much is known about the major physiological re-
sponses to the more important environmental factors considered
singly, or in very limited combinations, but little is known about
their operation in multiple patterns. Studies of the responses to
stress have been largely confined to rather crude measures of general
reactions, or to the behavior of the endocrine system as judged by
relatively indirect measures. Recent research has greatly increased
the opportunities of studying the responses of the body cells, but
this has not yet been applied to assessment of the strain developed in
man as a result of environmental conditions.

Five-year goals:

. Initiation of studies on the nature and incidence of impaired pul-
monary function in various workers, in collaboration with clinical
staff, as related both to environmental and constitutional factors.

b. Preliminary investigation into the effect of thermal stresses upon
tolerance to chemicals, susceptibility to infection, response to allergens,
and capacity to perform physical and mental work. ‘

¢. Definitive studies on neurophysiological responses to noise and
vibration.

d. Evaluation of the relative effects of environmental factors upon
work capacity and efficiency, with emphasis upon alertness and respon-
siveness.

e. Study of bioclimatological aspects of occupational environments
as indicated in recent reports to the Interdepartmental Committee on
Atmospheric Sciences.

f. Formulation of indices for the evaluation of environment involv-
ing more than one mode of stress.

Ten-year goals:
a. Further development of the above.
b. Active participation in the ecological program (item 12).
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5. Stupy or TR IMpAcT OoF PSYCHOLOGICAL, SOCIAL, AND EcoNoMIC
Facrors Urox Tire HEarTH AND EFFICIENCY OF WORKERS

Background: As the impact of major toxic and physical factors in
the work environment is reduced, and automated procedures are intro-
duced, the significance of psychological and social factors not only

comes more apparent but increases in absolute value. For the as-
sessment of the effect of the total environment upon the total man, not
only must these influences be understood and taken into account but
the effects produced by their operation must be integrated with the

ef.fects produced by the other environmental factors into a composite
Picture,

Present status: No more than isolated and somewhat specialized at-
tempts have been made to study the impact of the psychological and
Social factors on workers, and these have mostly been in relation to
the more dramatic instances, such as very busy communication and
control centers, and have followed the pattern developed in military
studies. There is a very wide scope here for studies ranging all the
way from the basic aspects of motivation to specific problems of psy-
chological breakdown. The techniques are far from frozen, and in
the matter of synthesis have still largely to be worked out. Goals
can be pointed out, but the method of attainment will largely have to
be developed as the studies proceed.

Five-year goals:

a. Psychomotor studies, particularly directed at effective informa-
tion-response sequences.

b. Studies of motivational psychology, directed especially to the
role of motivation in worker satisfaction and control.

¢. Anthropological investigations of man-machine relationship in
the causation of impaired health or efficiency.

d. Sociological studies designed to elucidate the significance of
extra-occupational conditions in occupational health.

e. Economic evaluations of impairments caused by occupational fac-
tors and of proposed control measures.

Ten-year goals:
a. An increase in activities along the foregoing lines.
b. Active participation in the ecological program (item 12).

8. MeTHODS OF ENVIRONMENTAL EvALUATION AND CONTROL

Background: The central objective of an occupational health pro-
gram is the prevention of disease and disability, or, more positively,
the preservation of health. Knowledge needs to be translated into
Practical methods for achieving these ends. This, in turn, depends
In part upon the adequacy and sensitivity of instruments for detecting
and measuring the intensity of relevant environmental conditions,
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and on the full use of the technological arts in the suppression or
removal of those conditions which are judged deleterious.

Present status: Good use is made of current technology in the selec-
tion, design, and use of detecting and measuring equipment, to the
extent that the judgment of the PHS personnel is frequently sought
in the selection of equipment. Industry designs control apparatus,
but PHS maintains a watching brief on the adequacy of the systems
devised and makes known practices which are considered inadequate.
Five-year goals:

a. Initiation of a critical review of current dust sampling and
counting techniques, and development of the outline for a definitive
manual of recommended practices.

b. Development and maintenance of reference standards for mate-
rials and substances of importance in occupational health investiga-
tions.

¢. Continued development of techniques for the analysis of multiple
samples to replace long and complicated methods, without undue loss
of precision and sensitivity.

d. Development or modification of existing instruments for monitor-
ing various aspects of the physical environment, such as radiant heat,
vibration, noise, and pressure, and their evaluation for industrial
hygiene purposes.

¢. Development and application of techniques as needed for epi-
demiologic or clinical studies.

Ten-year goals:

a- Completion of review of dust sampling and counting techniques
and publication of manual of recommended practices.

b. Continuation and expansion of program set as 5-year goal, with
further development of concepts of preventive engineering, such as
inclusion of essential controls in the actual design of industrial
equipment.

7. ResrarcH oN Types oF OccuPATIONAL HEALTH PROGRAM FOR STATE
AND Prant Use

Background: Serious practical difficulties are often encountered in
translating knowledge and principles of prevention into actual health
programs at the State, local, or plant level. Objective study is required
of the factors which affect this translation, of methods for overcoming
the difficulties, and of the economic aspects. The problem is akin to
some that are encountered in operations research.

Present status; The most serious deficiency is in the provision of
adequate preventive measures for workers in the small plants of less
than 500 employees, which account for over two-thirds of the work
force. In several States the provision for the control of occupational
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environments is below the level considered adequate for a variety
of economic, professional, and operational reasons. Of the 584 persons
employed full or part time in occupational health in State and local
units in February 1961, 58 percent were in 8 States; the remaining
States had either no programs or inadequate ones.
Five-year goals:
a. Establishment of the factors which militate against the develop-

ment of occupational health services.

b. Analysis of the economic aspects of occupational health services.

¢. Development of model programs and the setting up of pilot
Projects under contract with research supervision.

Ten-year goals: Completion of the research aspects of occupational
health program establishment.

8. DEVELOPMENT OF STANDARDS FOR THE WORK ENVIRONMENT

Background: Determination of the environmental conditions which
can be tolerated, or, better still, of the environmental conditions which
are to be recommended for optimal health, productivity, and per-
formance, is basic to the operation of an effective occupational health
brogram. Without this, every move to control environmental condi-
tions is apt to be met with demands for proof as to why the particular
value taken was chosen, and not some other value more favorable to
the party posing the question.

Present status: Organizations and groups such as the American
Conference of Governmental Industrial Hygienists, the American
Standards Association, and the American Industrial Hygiene Associ-
ation engaged in setting standards look to the PHS for advice, assist-
ance, and support ; but the resources to meet these demands are meager.

There are now no agreed standards for the work environment with
respect to allergens, substances absorbed through the skin, or car-
cinogens. The same thing applies to psychological conditions. The

current standards for noise, vibration, heat, and cold are unsatisfac-
tory, Those used for toxic substances cover only a limited number
of substances, and are too often based on evidence of a rather tenuous
character.

Five-year goals:

a. To work with the organizations named above and with other
divisions with responsibilities in environmental health in a critical
reevaluation of the philosophy, criteria, and applications of current
standards for the occupational environment, with the definition of
areas of needed information and the provision of specific staff and
other assistance as needed. Special attention will be given to revising
and strengthening the bases of threshold limits and maximum ac-
ceptable concentrations (MAC) at present in wide use.
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b. To develop mechanisms for effective and sustained international
cooperation and interchange of information in the field of standards
for the occupational environment, such as an expansion of the present
cooperative activity with CIS.

Ten-year goal: In cooperation with appropriate committees or or-
ganizations, to develop staundards for the work environment in areas
not now covered.,

9. TECHNICAL SERVICES AND ASSISTANCE

Background: PILS has 50 potential clients in the States, and several
more in the various Federal departments and agencies. Iew of these
have sufficient resources or sufficient need to set up full-scale technical
organizations capable of making all the investigations and solving
all the problems of occupational health that may develop in their
respective splieres. Kven where the resources exist, individual insti-
tutions of any magnitude would lead to unnecessary overlapping, and
and unwarranted drain on the national resources, especially of expert
manpower, A central research and investigation facility, at this stage
of development, can maintain a wider range of expertise, and provide
a greater variety of services rather than several smaller institutions,
and keep those services in close contact with research developments
across the Nation. Beyond the State and Federal agencies lies the
mass of industry itself, and beyond it the general public, who also
desire service and assistance in matters of occupational health.

Present status: From its current resources, DO furnishes three
types of service: (a) technical information and advice; (&) problem-
solving teams; and (c¢) assistance to States in the building up of their
own programs. These resources are, however, limited. The technieal
information service relies on a manual storage and retrieval system of
relatively small bulk; requests for visits by problem-solving teams
may have to wuit several months before the required personnel are
free from prior commitments: and only two oflicers are currently
assigned to States for program assistance,

Five-year goals:

a. The installation of at least a semiautomated information storage
and retrieval system, for the provision of techinical information to
States, industry, and the public on environmental hazards associated
with occupations.

b. The provision of sufficient skilled personnel to be able to main-
tain two teams of four technologists in the field at all times for
problem investigation,

¢. The assignment of a physician, engineer, or nurse, trained in oc-
cupational health, to at least 20 of the 50 States, on a basis of need,
opportunity, and evidence of adequate support.
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d. The fiscal support of an occupational health program in each
State.

e. The continued development of effective working relationships
with industry, labor unions, local agencies, and appropriate Federal
agencies aimed at the fair and equitable attainment of recommended
environmental standards in both large and small industry.

f. The development of a trained and experienced staff for consulta-
tion in the development of the health aspects of union contracts,

g. The development and use of effective methods of educating work-
ers and the general publie in the possibilities of and necessity for sound
occupational health practices.

Ten-year goal:

Complete development of the above goals, and particularly the es-
tablishment of an effective occupational health unit in each State, with
close collaboration with ’I1S.

10. Direcr TeciINICAL TrAINING

Background: The pursuit of studies or the implementation of pro-
grams in occupational health require many techniques, items of in-
formation, points of view, or specialized knowledge, which are seldom
acquired in the course of routine professional training for engineers,
physicians, nurses, or scientists. Tt is essential that there be some
organization which can provide this training, in conjunction with
the regular professional training, as a postgraduate course, or on
the job.

Present status: A few universities offer postgraduate course in in-
dustrial medicine, occupational health, or industrial hygiene; but these
require one or more academic terms of full-time instruction, and are
not sought by many students. DOII provides 1- or 2-week technical
courses for industrial hygienists, industrial engineers, safety engineers,
and plant medical officers, which are usually oversubscribed. There
is an obvious need for providing still further short-term classes, and
for cooperation with universities in attracting more students to the
long-term professional courses.

Five-year goals:

a. Increased activity in the presentation of short-term courses for
physicians, chemists, engineers, nurses, and other health workers in
general and specialized aspects of occupational health.,

b. An expanded educational program for health practitioners in the
diagnosis, treatment, and prevention of occupational disease.

¢. Continued education of workers and the general public in the
importance and methods of preventing occupational disease.

d. An expanded program of cooperation with universities in pro-
moting graduate courses in occupational health,

Ten-year goal: Extension of the same.
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11. GranNTs

Background: Universities, nonprofit research organizations, tech-
nical institutions, and some private groups are actively engaged in
both research and training relevant to the advancement of occupa-
tional health. This is the foundation upon which the PHS helps to
build an adequate national activity in occupational health. Inkeeping
with the role ascribed to it, the PIIS must encourage them in meeting
the national needs, especially in relation to the more basic aspects of
occupational health problems and activities, and must render sub-
stantial support to these activities.

Present status: The award of grants for research in occupational
health have come under the purview of DOH in the last year, and a
substantial increase in funds has been made available for this fiscal
year. As this is a relatively new departure, it remains to be seen to
what extent the national pool of talent can effectively use these funds.
For the research as well as for the proposed increased occupational
health activities in Federal, State, local, and industrial agencies, a
much larger number of trained persons will be required than are at
present in sight. It is doubly important, therefore, that immediate
action be taken to attract a larger number of good personnel into
training, not only for occupational health itself, but also for the sci-
ences and technologies upon which it is based. The DOH is con-
cerned, however, primarily with those courses which relate directly
to occupational health activities, depending upon the National In-
stitutes of lIealth and others for the support of the training in the
contributory disciplines, for whom this field will be one of many
competing employers.

Five-year goals:

a. The support of research in fields relevant to occupational health
to be conducted in universities, technical institutions, nonprofit organ-
izations, and appropriate private groups, to the extent that worth-
while projects can be conducted by the available talent.

b. The introduction of research training grants and fellowships to
encourage and support capable personnel according to their needs
during the period of training in research.

¢. The introduction of training grants to similar organizations for
the development and conduct of courses in subjects relevant to occupa-
tional health, for physicians, engineers, scientists, industrial hygienists,
and nurses.

d. The introduction of traineeships to encourage and support ca-
pable personnel according to their needs during the period of training
in occupational health science and technology.

Ten-year goal: Development of the above in accordance with the
available talent.
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12. DeverormeNT oF Ecoroaicar Picture or OccupraTioNan HEALTH

Background : As with most fields, the tendency has been to concen-
trate on the pursuit and conquest of the more easily recognized, iso-
lated, and urgent problems to the exclusion of adequate efforts toward
maintaining a unified conspectus of the field. This tendency has been
accentuated by the absence of well-defined procedures for integrating
independent observations on the simultaneous operation of multiple
factors. In spite of the difficulties, however, such an integration is
vitally necessary, since the worker, who is the prime object of concern,
is and reacts as a whole man, and not as an isolated system responding
to stimuli one at a time. Such a conspectus is necessary not only for
the completion of an intellectually satisfying concept of the object of
study, but also for the organization of activities within DOH in a
manner best suited to the overall purposes of the organization. The
development of this ecological viewpoint is the more essential as atten-
tion passes from the dramatic effects of single environmental con-
ditions to the more subtle but more far-reaching effects of multiple
coincident factors.

Present status: Very little attempt is made at the present to derive
an integrated picture of the total worker in a total environment,
beyond the intuitive and almost casual picture that any keen adminis-
trator develops in his own mind. Two kinds of techniques are avail-
able, although in still rather undeveloped form: (z) mathematical
procedures based on probabilities such as factorial analysis, symbolic
logic, and game theory; and (b) roundtable integration, in which
experts from various fields meet periodically to attempt dialectic syn-
thesis, with progressively penetrating review of the evidence between
sessions.

Five-year goals:

a. Development of a pilot system whereby an ecological picture
may be established of the total worker in his total environment from
the information available in the several contributory diciplines.

b. Determination of ways in which this activity can be linked with
corresponding activities in other Divisions and at Bureau level.

¢. Development of methods by which the ecological information may
be applied to DOH program operations.

Ten-year goal: Establishment of definitive activities in the above,
related to the Center type of conjoint activity.

IMPLICATIONS FOR ORGANIZATION AND RESOURCES

‘While many of the activities described in the preceding Section are
to be found in the current operations of DOH, the scope of each is less
than the level which is adequate to the national needs, and some are
hardly represented at all. The resources currently available for the
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occupational health program fall far short of supporting the desirable
level of effort. The program which has been described will need con-
siderably more in the way of fiscal support, facilities, and manpower
than are at present employed. The implications of the recommended
program expansion for organization and resources are indicated in
this Section.

ORGANIZATION

Occupational health, being centered around a well-defined group
of people with rather specific environmental stresses, has a unity of
purpose that is quite marked and should not be disturbed. Intelli-
gence, research, prevention, and service must work together and be
viewed together. The ecological conspectus can emerge only if the
process can draw intimately upon the contributing groups. Admin-
istration should be clogely related to the ecology which provides the
integrated viewpoint and to the groups whose actions it directs. An
important item for attention in setting up and operating an expanded
program is the preservation of this unity in spite of increased numbers
and activities. It is strongly recommended that the organization be
so designed that interaction and communication between various dis-
ciplines and operations is an inherent part of the structure. This
would require that all functional segments of the Division be phys-
ically located together, that personnel have laboratories and offices in
closely interlinked groups, and that the work load be focused on prob-
lem areas with personnel from different organizational segments co-
operating in their solution. (The “problem” may equally be one in
fairly fundamental research, as in prevention of a specific disturbance.)

In the association between DOI and other Divisions engaged in
environmental health activities, provision should be made for persons
of similar technical competence or working on related problems to
meet and work together in such a way that between them they bring
to bear ideas and capabilities not available to the Divisions acting in
isolation. This, however, should be done in such a way that their
parent field is not deprived of their services, and new barriers created
as the old ones are removed.

In the course of its activities DOH depends in many instances upon
other agencies or organizations, both within and without PHS, for
advice and assistance. Some illustrations are given in table 1.

MaxrowER REQUIREMENTS

a. With DOH : In table 2 are given by various categories the pro-
jected manpower requirements within DOH for the conduct of the
program indicated in Section III, in the years 1966 and 1970, together
with those actually employed in 1961, as at 30 June, for contrast. The
degree of training required specifically in occupational health, in
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TABLE 1. .Association with Other Organizations
FACILITIES AND COMPETENCE SHARED WITH OTHHER ELEMENTS!

Item Shared with—
Statistleson O Tl National Health Survey, BOASI, etc.
Cohort analyses. . ocvceeeeoee v oo accneo. .. -| BOASIL.
Pilot study of health plans. ..oeeeee oo ... .- ...| Seleeted States, industries, Insuranee companies.
Internattonal 0.1, Information exchange... - ... _ .| Labor Department, CSI.
O, consultants.. ... .. ... ... ... Roglonal offices, Statos.
Environmental standards.... .~ . . ... _._.. . ...| ACGIIH.
Applied researeh. oo .. .| Unlversities, ete., through contracts.
Clinical studies of specifle occupational diseases. ... Universities and cliniclans through grants and
contracts.

Eeologleal synthesis of total man in total environment | Bureau Office of Ecology and Systems Analysls,

Economic evaluation of occupational disease and its | Bureau Office of Ecology and Systems Analysis.
control.

Training programs for Industrial hyglenists, In- | Tralning Branch, SEC; universities.
dustrial chemists, safety enginecrs, industrial

physiclans, and nurses.
Compilation, storage and dissemination of toxicologic | Other Divisions and Burcau Offlice of Toxlcology

information. Intelligence.

RELIANCE UPON FACILITIES AND COMPETENCIES ENJOYED BY OTHERS:

Item Look to—
Toxicology of Insectictdes oo CDQ,
Bacteriologleal and other infective complications of toxic exposures...| CDC: NIH.
Reporting of disturbances in health of workers. . ... National ealth Survey; States;
BOASI.

Alr pollution and water pollution as background to occupational | Respective Divisions of BSS,
disturbances.

Special techniques and assistance in radiologleal aspeets of oceupation.| DRH.

Special techniques and assistance in psychological aspects of occupa- | NIMH,

tion.
Basicresearch. . Universities through grants.
8peclal techniques and assistanee ineancer_____. . _______________.___ NCL

addition to the normal professional training, can be gauged from
table 3. The proportion of Ph. D/M.S./A.B. desired is given in
table 4.

1t is evident from these tables that the manpower requirements of
DOH for internal activities are not great, and that a relatively small
proportion will require orientation to or training in occupational
health aspects before being proficient on the job. Of the latter, some
can be given the requisite orientation after taking up duty. The
heavy demand is upon persons with professional competence in the
supporting fields of chemistry and other sciences, in whom specific
occupational health orientation is a minor requirement which can
certainly be acquired on the job.

b. National needs: In the matter of national needs, the estimated
supply and requirements of personnel in certain professional cate-
gories, trained in occupational health, are given in table 5.
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TABLE 2. Categories of Personnel Required by DOIT

Numbers of personnel
Categorics
1961 1966 1970

Engineers.._. .- S 12 35 57
mdustrlalllygienists ,,,,,,,,,,,,,,,,,, el - S e 10 20 32
Physiclans_. U - 14 33 168
Nurses.. e e e e e e e mammm—m—m e o e e 3 8 12
Physiologists-_---_._,____._,,_,_____,,__.,4 D, 2 10 14
Statistielans . . iiele o o e e oo oo 3 11 15
B A0 7o) U 4 T U U 3 12 16
Pharmacologists. - oo e il 7 14 17
Physielsts. o ool 3 6 10
ChemistS . e 20 65 o1
Patho OISt - o oo oo o e e e 2 6 10
Phychologists . i iiimimaiimea e m ] mmman—aa- 13 17
Mathematielans. .. e mmee e i 4 4
RT3 o - 1 2 I ISP 3 4
Radiochemists. .o e U . 4 11 13
Electronic Engineers . e i e e 2 4
Health Analysts_. R 5 18 24
PubliclnformationSpecialists e 4 7 10
Science Aides.. e e e - . 20 78 110
Clerical and Admimstratlve e e e 48 118 170
Labor.. 8 A4 32

B 37 . Y 168 494 711

These figures are based on estimates made by eminent persons in the
field, having regard to the expected growth of the work force, and
the institution of that degree of supervision and care that would
adequately apply existing knowledge.

¢. Training: It is clear, therefore, that although the demands for
personnel for direct DOH operations is small, the national require-
ments are quite large. It would appear from these figures that there
is already a large deficiency that must be made up. This deficiency,
however, is in number of people who would be necessary to run an
adequate program. It does not follow that the same number could
be employed if they became immediately available. It would take
a great deal of educational effort and time to persuade industry,
for example, that such people should be employed. By 1970, how-
ever, much of this slack should be taken up if the educational aspects
of the recommended program are fully implemented.

The burden of training the required personnel will certainly fall
upon the unlverswles, both in providing the basic profesqmnal com-
petence, and in giving the orientation and training in occupational
health required by certain categories. As regards the latter the effort
of the 9 schools now having recognized industrial health curricula,
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TABLE 3, Degrees of Orientation Reguired in Occupational Health

Classification 1961 1066 1970
With strong orlentation______________ ... ... 47 124 19¢
With some orientation. ... .. ... ... 8 38 53
Bcientific but noorientation . ... .. .. ... _.... &7 192 266
Clerieal And 1abor. o oo e e 2 56 140 202
Effective total . ____ . _ . il .. 168 494 711

TABLE 4. Degree Status Required

Degree 1961 1966 1970
Ph. D, or MDD o oot e e a7 111 160
% < T 35 165 239
A B e 20 78 110
Tata) e . o 112 354 509

giving advanced degrees in occupational health to approximately 25
physicians, 3 nurses, and 21 hygienists each year, will certainly need
considerable supplementation. This could be by encouragement and
support of trainees and research trainees, by support of program
development, or by the creation of training centers. All except the
last named activity are envisioned under item “11. Grants” in the
proposed program of Section ITI. The need for training of person-
nel in the contributory disciplines should be brought to the attention
of other appropriate bodies such as the National Institutes of Health
and the National Science Foundation for inclusion in their efforts
for promotion of general science training.

Facmuities

The DOH now occupies (or will before the end of 1961) about
75,000 square feet of gross floor space; 63,000 in a converted ware-

TABLE 8. National Needs of Personnel

Peorsonnel Present Projected
(1957-60) (1970

Industrial physicians:

Available.__.._________ .. __..__ e e e e e 2, 300 2,000

NeCQO oo et e aa e 4, 800 68,000
Industrial nurses:

Avallable .. ... . ___ e et 16, 000 19, 000

NeeAod .o oo e e 30, 000 35,000
Industrial scientists:

Avallable. oo oee il 1,300 1,600

Neoadod. ... e . e 8,000 9, 600

627408—62—14
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house building in Cincinnati, and the rest in HEW South Building,
Washington. These facilities are not adequate for or encouraging
to the current program, and fall far short of those required for that
proposed in the preceding Section. Table 6 sets out the net space
requirements envisioned by DOH for operations other than field
stations and clinical facilities in 1970. The corresponding gross space
requirements would be approximately 300,000 square feet. In terms
of the activities to be carried out and the number of personnel involved
in the proposed program, this estimate appears to be modest.

TABLYE 6, T0fal Exlimated Net Space Requirements

Element Oflice |Laboratory] Exposure | ITonsing | Other Total

Diviston ! . _._.. 9, 40~ 3,080 | 1, 540 14, 080
SS Branch__ . 4,000 Joo e e 4, 000
R&TS Branch___________________.__.. A i1 I AU SUIPRIPI NI F 2, 200
Toxicology Seetion. ... _.______.___ 5, 500 36, 080 8, 600 22,600 §.___._._.. 70, 780
Occupational Medicine Seetfon......_
Dermatalogy Seetion. oo ooooo_o___ } 10,340 12,640 f-ooemaroenns e 2, 160
Physical and Cheinieal Analysis___.__ 4,840 14,300 Vo] 660 19, 800
Englnecring Seetion_ _ . ______.___._... 4,180 [ I R P, 1,320 14, 080
Physiology Seetion._ .. .. __.__.____ 2,200 0,600 | e e 440 9, 240
Ecology Seetion. ..o ______ 1,320 4,180 || oL B, 500
Training Branch__ ... oo 1211 I DY SRR TP RS 1, 980
Requirements Analysis Secetion....... 3,080 || meeen 3,080
Training Operation Seetion. . ... ... 2, 640 | RN T4 I O P, 2,860 7, 040
Training Methods Section__._._______ 2,200 |ocoe e e ] e eaea 2,420 4, 620
Technical Information Seetion.._.._._ 3,300 | 1,320 4,620

B0 75 S 67,240 86, 900 6, 600 27,880 10, 560 189, 180

1 Inecludes facilities common to several seotions.

The point has been made earlier in this Section that all of the
activities of DOH should be physically located together. It remains
here to point out the further advantages that would accrue to the
activities of DOH if it were physically associated with the other Divi-
sions in Environmental Health. Undoubtedly the economy of service-
type operations that could be expected from joint facilities are sig-
nificant, but over and above this is the more basic advantage, or even
necessity, that through the close proximity and cooperation of the
other Divisions the picture of the total man in the total environment
would be still further advanced. The importance of this for occupa-
tional health has been stressed; the importance of extending it still
further to cover the remaining aspects of man’s environment is obvious,
The close relationship of industrial exposures to air pollution, of work
in radioactive environments to radiological health, of industrial hy-
giene to food quality in general, and of industrial environment con-
trol to environmental control in general, including water quality con-
trol, are self-evident. It is strongly recommended that DOH be
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brought into close contact and collaboration with the other Divisions,
not merely by contiguity of buildings, but also by arrangement of
space and common living facilities in such a way that frequent meet-
ings inevitably occur between men whose activities are convergent and
knowledge mutually beneficial. It is very desirable that individuals
concerned with matters of interest to several problems be able to work
together without losing sight of the problems.

The DOH Field Station at Salt Lake City is certainly very useful
in the conduct of the current studies on uraniwm miners, and in pro-
viding technical services to the western region. The continuation of
this field station and the creation of others are matters that manage-
ment, will have to judge in terms of requirements as the program
unfolds. It is hoped, however, that field stations have quarters more
adequate to their responsibilities than those now available to the one at
Salt Lake City.

For the conduct of clinical studies, access is required to hospital facil-
ities in which selected cases can be retained for special, continued, or
controlled studies. It is estimated that a total of 10 available beds,
with an average of 5 occupied, would meet the needs, While they
would almost certainly be part of a larger clinical installation, it is
highly desirable that they be contiguous to the facilities occupied by
the clinical portion of the DOH program.

If the universities are to take up the increased scope of training in-
dicated earlier in this Section, larger and better equipped facilities
will probably be needed. Whether these increased facilities should be
provided in concentrated form at one or two places, or scattered
amongst several schools, is a matter that will have to be carefully
considered.

Fi1scalL. REQUIREMENTS

In Table 7 are set out the fiscal requirements estimated by DOH for
the implementation of the program proposed.

It is considered that the figures shown for direct operations are a
reasonable projection of the program advocated. The figures shown
for Grants represent the amounts that will be necessary for the im-
plementation of an adequate national program, provided that the talent
can be found and attracted to this type of work. The Division has at
present no evidence to guide it in estimating if the talent will in fact be
available.

The high rise in Project Training Grants is largely due to the neces-
sity of training the large numbers of industrial physicians, nurses and
scientists shown in Table 5, as necessary to meet national needs. The
late placing of the rise in support, after 1966, is due to the need for
prior educational efforts in alerting the State and industrial organiza-
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tions to the need for utilizing such personnel, and for the prior
strengthening of the staff in schools in which such training will be

undertaken.

TABLE 7, Estimated Flscal Reguirements of D OH (Thousands)

Estimated
Actual
1961
1062 | 1963 | 1964 | 1965 | 1968 | 1070

Grants (total) ... ... _______________._. $1,410 | $4,334 | $5,900 | $9,000 $14,250 ($20, 880 | $55, 200
Research grants (existing) ... .._.._.________ 1,410 | 3,884 | 6000 6,500 | 8500 | 11,000 | 25,000
Research training grants and fellowships:

a. Existing (fellowships).. ... ._..._. 0 450 900 | 1,400 | 1,000 | 2,400 | 4,500

b, Proposed. ... ... 0 0 0 1] 0 0 0
Project training grants:

a. Existing (Qeneral Health)_____ _______ 0 0 0 0 0 0 0

b, Proposed. .. .ceooooeee e 0 0 0/ 1,000 3,500 6,800 23700
Traineeship:

a. Existing (Qeneral Health)_____________ 0 0 0 0 0 0 0

b, Proposed. ..o oeo i 0 0 0 100 350 880 2,000
Direct operations (total). ... o omeio.... 1,923 | 2,007 | 4,050 | 5700 | 8,000 | 9,900 | 12,000
1. Research:

a, Direet... .. ... 048 988 | 1,819 ( 1,000 | 2,900 | 3,100 3,600

b. Contract. ..o weee . 115 200 700 800 | 1,000 1,500 1, 800
2 Treining. . e 181 194 402 800 | 1,000 [ 1,300 1, B0Q
3. Technical assistance and control opera-

HONS . o e er——— 670 715 | 1,120 | 2,200 | 3,100 | 4,000 4, 800

Grand total ... .o ____. 3,300 | 6,431 | 0,950 | 14,700 | 22,250 | 30,780 [ 67,200




REPORT OF THE SUBCOMMITTEE ON
RADIOLOGICAL HEALTH

RECOMMENDATIONS

1. The Public Health Service should assume primary responsibility
for the development of a sound radiological health program in the
United States. Particular attention should be directed to—

¢. research on radiation protection standards;
b. the continued development of a comprehensive surveillance network

for the measurement of environmental radiation levels; and
¢. the development and application of appropriate countermeasures where

radiation hazards exist.

2. The Service should carry out this responsibility through its
Division of Radiological Health. This Division should be provided
with (a) a scientific staff of high competence and (&) facilities which
include central administrative and laboratory units and a series of
regional field stations wherein the technical operations and suitable
portions of the research and training programs of the Division may be
conducted. The central units might well be developed as part of a
PHS Center for Environmental Health although delay in the devel-
opment of such a center must not be allowed to hold up the construc-
tion of additional facilities for the Division. Estimates for facilities
needed immediately are $10 million of which $7 million are for central
administrative and laboratory units and $3 million are for additional
regional laboratories. Substantial additional funds will be needed
in the not-distant future to meet the rapidly expanding demands being
placed upon the Division of Radiological Health.

3. The Division of Radiological Health should give increasing
attention to its programs to support university research through
grants and contracts. The current extramural research program of
the Division is far behind the schedule laid out by the National Ad-
visory Committee on Radiation 2 years ago and strong efforts should
be made to bring this program to its proper place in the activities of
the Division.

4. The program of the Division of Radiological Health to promote
and support training programs for radiation health specialists and
radiation technicians within universities and public health agencies
should also be substantially increased. Annual support at a level of
$5 million is needed immediately to meet the anticipated demands
for radiological health personnel over the next 10 years.

206
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5. The Division of Radiological Health in the development of its
programs should place special emphasis on problems arising from the
use of medical and industrial radiation sources and should pay par-
ticular attention to regional problems that transcend State and local
authority. The measurement of environmental levels of radioactivity
and the application of appropriate countermeasures where excessive
levels are found to exist constitute one set of such problems.

6. A Radiation Hazards Research Liaison Committee should be
established between the Public Health Service and the Atomic Energy
Commission, to give direction and coordination to the radiation
hazards research programs of the two agencies.

7. Finally, the growth of the budget of the Division of Radiological
Health should be allowed to proceed at the pace outlined in the 1959
report of the National Advisory Committee on Radiation. This calls
for an annual budget of $50 million by 1964. Currently this growth
is behind schedule, a circumstance that should not be allowed to con-
tinue in view of the rapidly increasing responsibilities of the Division
in today’s troubled world.

HISTORY OF RADIOLOGICAL HEALTH

The biological effects of ionizing radiation were first observed by
the physicians who used X-rays in medical practice soon after
Roentgen’s discovery in 1895. Ifarly X-ray apparatus was erratic
in its operation and it rapidly became common practice for a physician
to test his equipment each day by holding his hands in the X-ray
beam and observing the clarity of the image appearing on a fluoro-
scopic screen. In a few years, pathological changes appeared in the
skin of the hands of these physicians. In many cases, the changes
progressed until cancerous degeneration took place.

"The cause and effect between X-ray exposure and biological damage
was immediately recognized and steps were begun to establish criteria
of safe operating procedure for physicians using X-ray apparatus,
In the late 1920’s these criteria were given formal status through a
series of statements issued by the Advisory Committee on X-ray and
Radium Protection, a non-Government group of outstanding physi-
cians and scientists who came together to examine critically the prob-
lems of protection standards in medical X-ray practice. This com-
mittee, since renamed the National Committee on Radiation Protection
has, through the years, recommended an increasingly broad range of
radiation protection standards as the problems of radiation exposure
in the population increased.

Until recent years, the Public Health Service has not been strongly
active in the field of radiological health. Instead, as nuclear science
expanded rapidly with the creation of the Manhattan District during
World War II, concern for the control of ionizing radiation was
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Iargely confined to those associated with the District. After the war,
this concern continued to reside mainly among those working in nu-
clear science through the programs of the Atomic Energy Commis-
sion with only minor interest in the subject developing in the Public
Health Service. Not until a report of the National Academy of Sci-
ences in 1957 pointed out that exposure to ionizing radiation in the
United States was becoming an important health problem, did the
radiological activities of the Public Health Service take on substantial
proportions. In 1958, the Surgeon General created a Division of
Radiological Health and appointed the National Advisory Committee
on Radiation to advise him in all matters pertaining to the hazards
of ionizing radiation. This committee recommended that the Service
embark upon a strong and rapidly expanding program involving
radiobiological research, training of radiation health specialists and
a series of control operations closely coordinated with State and local
health departments.

As the Public Health Service took an increasingly active position
in the field of radiological health, many uncertainties arose concerning
the respective roles of the Atomic Energy Commission and of the
Service in matters pertaining to radiation regulation and safety.
'There were many persons who did not believe that the Atomic Energy
Commission, an agency with substantial responsibility for the promo-
tion of atomic energy as a social and military instrument, should also
have major jurisdiction over the health and safety aspects of ionizing
radiation. On the other hand, there were those who feared the place-
ment of total regulatory authority over radiation exposure in the
Public Health Service since the Service is a Government agency pri-
marily concerned with health risks and hence might establish regula-
tions which are excessively restrictive and which would substantially
curtail the growth of nuclear science.

It soon was recognized that there was need in the federal establish-
ment for an organization of high authority, independent of the AEC
and PHS, to serve as a quasi-judicial body in the resolution of prob-
lems in radiation safety and protection. In 1959, there was there-
fore created, first by presidential order and then by legislative statute,
the Federal Radiation Council, to advise the President on all matters
which involve a balancing of the benefits and risks of radiation ex-
posure. The Council is currently composed of the Secretaries of
Health, Education, and Welfare, of Defense, of Commerce, and of
Labor, and the Chairman of the Atomic Energy Commission, with
the Secretary of HEW acting as Council chairman. One of the first
actions taken by the FRC has been a review of radiation protection
standards. It has now published two reports which henceforth will
serve as a basis for its own judgments and as guides to all who work
with ionizing radiation.
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TASKS OF THE DIVISION OF RADIOLOGICAL HEALTH

RADIATION PROTECTION STANDARDS

The establishment of the Federal Radiation Council has clarified
many of the responsibilities of the AEC and the PHS. Since the
AEC is primarily concerned with the promotional aspects of atomic
energy, it has been suggested that the Commission be the agency to
bear major responsibility for providing the Council with data on the
benefits of nuclear science. Concurrently, it has been suggested that
the Public Health Service be the agency to provide the Council with
data on the risk side of the equation. One of the prime tasks of the
Public Health Service, therefore, is the development of basic data on
the biological effects of ionizing radiation to support the Council in
the formulation of its radiation protection guides. This is not to say
that the Service must itself generate all of these data. Indeed, an
evaluation of the research needed to provide the information required
by the Council in the foreseeable future is of such magnitude that such
a task would be quite impossible for a single agency. Instead, the
Service must utilize all of the resources available to it both inside
and outside of Government. These include the resources of the
Atomic Energy Commission as well as those of the universities and
other laboratories of the Nation. It should be pointed out, however,
that since this research must focus on the fulfillment of spe01ﬁc needs
for which the Service is responsible, its direction must rest in the
Service and must be supported by a highly competent group of scien-
tists who are provided with adequate facilities and resources.

SURVEILLANCE AND INTERPRETATION OF RapIATION Exrosure Lrvers

The formulation of radiation protection standards constitutes, of
course only one phase of a radiation control program. There is also
need for mechanisms to determine the extent to which radiation-
producing equipment and materials and those using such equipment
and materials comply with these standards. This involves the regular
and systematic measurement of environmental radiation levels
through a broad range of circumstances and the wise interpretation of
the resulting data to insure the institution of those countermeasures
which may be necessary when hazardous conditions are found to exist.
These functions of surveillance and interpretation of data fall
logically within the purview of the Public Health Service and have
been so noted in the presidential directive creating the Federal Radia-
tion Council.

To carry out its surveillance and interpretive functions, the Service
should draw heavily on all available resources. Much surveillance
data can and should be collected by State and local health departments.
The sharing of data gathered by other Federal agencies should be
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promoted. University centers, under contract or through research
grants, may be expected to perform a valuable supporting role. How-
ever, since primary responsibility for these functions lies in the Public
Health Service, overall direction of them must be a Service task.

In this regard, the Subcommittee believes the Service should place
special emphasis on problems arising from the use of medical and
industrial X-ray radiation sources. No other agency has these prob-
lems under study at this time. It should also pay particular attention
to regional problems of population exposure which transcend State and
local authority, An example of one such problem, rapidly increasing
in magnitude, is the widespread exposure of the population from the
fallout of the present series of Russian nuclear bomb tests.

The surveillance and interpretive responsibilities of the Service
are extensive. 'They should be met with vigor, On them depends the
effectiveness with which the radiation control measures are carried out.

DEVELOPMENT AND USE oF COUNTERMEASURES FOR RADIATION
PRoTECTION

The third element of a radiation control program is the development
and application of those measures needed to maintain a safe environ-
ment or to restore it when radiation hazards are found to exist. The
Subcommittee believes that the Public Health Service has an obliga-
tion to take leadership in this aspect of the radiation control problem.
1t should maintain an active program of research for the development
of methods and techniques by which radiation exposure may be re-
duced. Such efforts should encompass a broad range of activity, ex-
tending from the investigation of methods of food decontamination to
the development of techniques to reduce medical X-ray exposure.

The inevitable corollary to the development of control measures is
the promotion of programs for their effective use. In most areas of
public health, regulatory responsibility properly belongs with State
and local government, with the PHS limited to a dual role of promot-
ing such programs and furnishing technical assistance. In the field
of radiological health, the Service should continue and strengthen this
role, but at the same time must recognize that the character of the
hazard is often not limited by State boundaries. If the public is to be
given adequate protection, the Service, through its Division of
Radiological Health, must therefore take a more active and positive
role than has, in the past, characterized some parts of its activities in
the regulation of environmental health hazards. It cannot passively
wait for requests for assistance, but must actively stimulate the de-
velopment and conduct of radiological health programs and, because
of the technical nature of these programs, must be prepared to give
a higher degree of technical assistance. An even higher degree of
authority to regulate interstate hazards is also essential.
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To carry out the foregoing mission, the Service should utilize all
available resources. Those associated with State and local health de-
partments should be particularly valuable. At the Federal level, the
resources of such agencies as the Atomic Inergy Commission and the
Food and Drug Administration should be fully utilized. However,
the Subcommittee would like to emphasize once again that in view of
the importance of the health problems created by excessive radiation
exposure, the primary responsibility for coordination of effort and
the provision of technical assistance where needed should reside with

the Public Health Service.
DEVELOPMENT OF THE DIVISION OF RADIOLOCGICAL HEALTH

To perform the tasks set forth in the preceding section, the Di-
vision of Radiological Health requires an organizational structure
which includes technical operations, training, and research. In addi-
tion, means must be provided whereby the Division’s programs may
grow in an orderly and well conceived manner. This requires the
establishment of a divisional structure for planning and development
which operates continuously to determine the courses of action which
the Division should follow, It is proposed that this structure con-
sist of a divisional advisory board composed of the Division Chiefs,
his several Branch Chiefs and other appropriate personnel. Such a
board should have the responsibility to determine Division policy and
to plan those actions needed for the Division to meet its responsibili-
ties.

TecaNICAL OPERATIONS

The comprehensive measurement of environmental radiation levels
and the application of appropriate countermeasures where radiation
hazards are found to exist constitute the principal operational funec-
tions of the Division of Radiological Health, To perform these tasks
effectively, the Division requires an organization which includes a
central administrative and laboratory group intimately linked to a
series of regional field stations. The central group is needed to give
overall direction to the Division’s technical programs, and to provide
the basic scientific competence for problems of national scope, The
field station complex is required to meet the many problems which
have a strongly regional character. For example, the control of radia-
tion hazards in mines can usually best be maintained through the
close surveillance provided by a technical staff operating from a nearby
field station. The subcommittee believes that the Division of Radio-
logical Health should have at least one field station with administra-
tive and laboratory facilities in each of the nine districts of the United
States. Each station should be developed in close afliliation with a
State health department to increase and strengthen the effort which
may be brought to bear on the problems encountered.
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During the past 2 years, the Division of Radiological Health, with
the resources available to it, has undertaken responsibility for the de-
velopment of a series of surveillance networks by which the radiation
levels of air, water, and food may be monitored on a continuing basis.
Although this activity has by no means reached the comprehensive
level needed, the Subcommittee wishes to commend the Division for
the progress it has been able to make in this field.

The National Advisory Committee on Radiation, in studies with
the Division of Radiological ITealth, believes that by the year 1964, a
minimum of $18 million will be needed to operate the central and
regional programs of the Division, This figure includes funds for
the support of State and local health department laboratories. By
1970, these costs may well rise to a level of $24 million.

TRAINING

It has been estimated by the National Advisory Committee on
Radiation in its report of 1959 that approximately 1,200 radiation
specialists and 4,000 radiation technicians will be needed by 1970 to
meet the personnel requirements of the Nation in the field of radio-
logical health. The subcommittee finds no reason to alter these esti-
mates. To reach them, the Subcommittee believes that the training
program already underway in the Division of Radiological Health
should be substantially and rapidly strengthened until it approaches
a level of not less than $5 million annually. These funds should be
made available to support university programs in radiological health
and to provide fellowships for suitable students, The specialist train-
ing should be developed principally at the postgraduate level and
should provide at least 2 years of training in most cases. The training
for technicians should be directed principally toward the under-
graduate level of instruction with utilization of the facilities of the
regional field stations where appropriate.

At the present time, the support for training in the Division of
Radiological Health is at a level of $1 million per annum, This is
quite inadequate to meet the needs set forth in the foregoing para-
graph, and the Subcommittee must be critical of the Service for not
having taken greater leadership in promoting such an important part
of its program as the training of radiation health specialists and radia-
tion technicians. DBecause of the great need for qualified personnel,
it is hoped that the efforts of the Division may be greater in the
future.

It should be pointed out that there is no overlapping between the
foregoing programs and those of the AEC. Training supported by
the latter agency is designed primarily to develop men who will direct
the health and safety operations of AEC and related installations.
The PHS training program has been planned on the other hand, to
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develop personnel who can serve effectively in public health operations
at the Federal, State, and local levels, Here, emphasis is placed on
biomedical instruction as well as on work in the physical and engineer-
ing sciences.

The subcommittee would like to say a word now on the administra-
tion of the training grant funds available in radiological health, Al-
though these funds should be provided on a categorical basis, it is
recommended that they be administered, along with similar categori-
cal training funds of other divisions of the Bureau of Invironmental
Health, in a central office of the Director of the Bureau. Such ad-
ministrative centralization will do much to assure an orderly develop-
ment of the training program in radiological health as well as those of
the other divisions of the Bureau.

REesEARCH

The success of the programs of the Divisions of Radiological Health
in surveillance, data interpretation, counter measures, and control
depends to a great extent upon the ability of the Division to develop
sound programs of research. Indeed, so intimate is the relationship
between research and operation success that research laboratories
should be an integral part of the central and field station organiza-
tion of the Division.

It has already been pointed out that the research requirements for
the Division’s programs are so extensive that one cannot expect the
Division to perform more than a small fraction of them within its own
facilities. There is, therefore, a need to develop a strong extramural
program of research grants and contracts with universities. There is
also need to develop close working relationships with other govern-
ment agencies having resources which may be used by the Division.

The National Advisory Committee on Radiation has proposed that
the research activities of the Division of Radiological Health reach
a level of $27 million per year by 1964. This subcommittee finds this
estimate reasonable and endorses it. Of this amount, the Subcommit-
tee finds it difficult to make recommendations concerning the frac-
tions which should be devoted to intramural and extramural research,
It calls attention to the fact that the relationships here are likely to
be different from those which prevail in other agencies due to the
fact that the Division is required to direct its attention to problems
of a highly specific nature. Hence, its research programs are likely
to have a stronger intramural emphasis than is the case in such agen-
cies as the National Institutes of Health.

Like the training program in radiological health, the research pro-
grams of the Division have not, during the past 2 years, received the
emphasis recommended by the National Advisory Committee on
Radiation. The Subcommittee is concerned about this and asks that
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greater effort be made by the Service to provide adequately for the
research of the Division.

Although many of the problems which the Division of Radiologi-
cal Health is likely to encounter are of a strictly categorical nature,
and hence may be attacked entirely within the limits of the Division’s
resources, there are many which are more complex and require the
application of disciplines found elsewhere. The Bureau of Environ-
mental Health should recognize this need for interdisciplinary re-
search and should undertake those measures necessary to assure its
provision.

ReraTionsuips oF THE DivisioNn oF RabprorocrcAL HEALTH TO THE
Atomic ENErey COMMISSION

The Subcommittee would like to speak now of the relationship of
the Division of Radiological Health to the Atomic Energy Commis-
sion. Worry has been expressed in a number of quarters lest there
be unnecessary duplication in the effort of the two agencies, worry
which incidentally is shared by this Subcommittee. The Subcom-
mittee believes that this problem should be dealt with, as soon as pos-
sible, by the creation of a Radiation Hazards Research Liaison Com-
mittee composed of the Chief of the Division of Radiological Health,
PHS, an appropriate representative of the Atomic Energy Commis-
sion, and such other personnel from the two agencies as may be needed.
This Committee should meet at frequent intervals to review PHS and
AEC radiation research programs and to plan and devise ways and
means whereby the resources of one agency may be used fully to
advance the programs of the other. This Committee should review
budgetary proposals in all areas of common interest before annual
budgets are submitted for consideration to the Bureau of the Budget.
Although a Radiation Hazards Research Liaison Committes of the
type set forth here may not resolve all of the questions of program
duplication, the subcommittee believes that it will go a long way
to resolve misunderstandings concerning the content of AEC and
PHS programs in radiological health and will assure Congress that
the full resources of both agencies are being brought to bear on the
radiological problems of the Nation.

CURRENT AND FUTURE NEEDS FOR RADIOLOGICAL HEALTH
FACILITIES

The Division of Radiological Health currently operates from facil-
ities located in Washington, D.C., Rockville, Md., Las Vegas, Nev.,
and Montgomery, Ala. The Washington and Rockville facilities
house the Division’s central administrative and laboratory operations
respectively ; the Las Vegas and Montgomery installations are regional
_field stations. A third field station will be opened this year in Win-

chester, Mass.
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During the past year, the foregoing facilities have become quite
inadequate for the rapidly expanding responsibilities of the Division
of Radiological Health. The resumption of nuclear bomb testing
has placed great demands on the Division to increase its surveillance
network operations. The programs for the development and appli-
cation of countermeasures to reduce medical and environmental ex-
posure levels have lagged far behind because space is not available
for them. Research on radiation protection standards has been cur-
tailed for similar reasons.

The Subcommittee believes that the urgency to today’s radiological
health problems require immediate action to expand the facilities
available to the Division. Indeed, this expansion should proceed
regardless of the creation of an Environmental Health Center, al-
though if such a center is built the expansion would desirably take
place as a part of the center’s development.

A fter an examination of the current tasks of the Division of Radio-
logical Health, the Subcommittee believes that the Division has an
immediate need for additional facilities having a value of approxi-
mately $10 million. Of this $7 million is required to provide new
and enlarged administrative and laboratory units at headquarters.
These units should be located together preferably in the Washington
area. The remaining $3 million are needed to enlarge the Division’s
field station complex. These are the current needs the subcommittee
visualizes, It is anticipated that substantial additional facilities will
be required in the future and these should be allowed to develop in
an orderly manner as need arises.



REPORT OF THE SUBCOMMITTEE ON
WATER SUPPLY AND POLLUTION CONTROL

CONCLUSIONS

The Subcommittee on Water Supply and Pollution Control con-
cludes that:

1. The United States is faced with a national water resources prob-
lem of increasingly serious proportions of which water pollution is
a major part.

2. The rate of national population and industrial growth, and tech-
nological advances have created water supply and pollution problems
national in scope, and that treatment works constructions, knowledge,
manpower, and funds required to solve these problems have not kept
pace with needs.

8. The rapidly increasing demands for water for all purposes, ade-
quate in quantity and quality, can be met largely by an effective na-
tional water quality management program which will permit use of
the same waters over and over as streams flow from their source to
the sea.

4. The Federal Water Pollution Control Act, as amended, assigns
a major Federal water resources role to the Department of Health,
Education, and Welfare in which it is responsible for controlling water
pollution to conserve water for all uses—propagation of fish and aqua-
tic life and wildlife, recreation, industrial and agricultural water sup-
plies, and other legitimate purposes, as well as for public water sup-
plies and protection of the public health.

5. The Public Health Service has made substantial progress in
developing and administering the Federal program authorized by the
Federal Water Pollution Control Act and is providing effective na-
tional leadership.

8. The Federal program requires further expansion to meet its
legislated responsibilities which will require additional budget, facili-
ties for headquarters staff, research activities and field programs, and
manpower in a wide variety of engineering and scientific disciplines.
Studies and advance planning indicate manpower needs of 2,200 and
a direct operations budget of $22 million in 1965 ; by 1970 these figures
will be about 2,700 and $39 million respectively.

7. The expanding Federal program has urgent need for a national
water quality center for the conduct of basic and applied research on
water resource problems of national significance, and for the regional
laboratories authorized in Public Law 87-88 to support Federal field
programs and provide for the specialized research and service needs

2156
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of the individual geographical regions, including those of other Fed-
eral agencies, State agencies, and local governments.

8. National manpower needs for water supply and pollution control
programs—Federal, State, local, and university—are especially urgent,
and there is adequate authority to train the numbers and kinds of
disciplines required for development of the national program. These
programs need to be adequately supported and expanded as rapidly
as practicable.

9. Water supply and pollution control problems are becoming in-
creasingly diverse and complex, and the development of knowledge
has not kept up. As a result there is a large backlog of urgently
needed research relating to the whole broad spectrum. of water quality
management and to human health. The Federal research program
needs to be expanded and extended by full use of grant-supported
extramural research programs.

RECOMMENDATIONS

The Subcommittee on Water Supply and Pollution Control recom-
mends that:

1. Since concern has been expressed that the health orientation of the
Public Health Service limits its effectiveness in dealing with water
resources problems, actions be taken to assure Congress and the public
of the Service’s full capacity for dealing with all aspects of the Federal
water quality program, and that its program is an activity of major
proportions which deals with water quality management for all water
uses.

2. Responsibilities for all water supply and pollution control ac-
tivities of the Public Health Service should be vested in one organi-
zational unit, in a manner to give clear and separate identification to
this program, with level of personnel status and resources commen-
surate with the importance of the program.

3. The Headquarters staff of the water supply and pollution control
program be augmented to include sufficient specialists in the engineer-
ing and scientific disciplines, including economic and social sciences,
to provide program direction, for budget preparation, to develop
legislative materials, and to do planning.

4. The presently authorized regional laboratories be built and
staffed to provide field services and to meet the specialized needs of
individual geographical regions, and these be located on the basis of
carefully developed criteria.! 'These should provide space, equipment,
and staff adequate to give technical support to States within regions
on request, provide technical training, provide for the data collection
needs of the Public Health Service, demonstrate new procedures and

1 Criteria recommended by the Subcommittee are presented as a Supplement following
this report.
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processes, and provide for research on problems unique to the region
and for the conduct of field surveys. They should provide support to
regional and State water quality programs, but in no sense substitute
for adequate State laboratory facilities.

5. Authorization be obtained for a national water quality center
in which can be conducted programs of basic and applied research on
water resource problems of national significance, with financing to
follow completion of the regional laboratories. The national water
quality center does not necessarily need to be contiguous with Head-
quarters,

6. During the period of constructing and staffing the regional labora-
tories, a comprehensive study be made of the research and data proc-
essing needs which can best be met in a water quality center, and that
the conclusions of this study be used to define in detail the type and
size of central facility needed.

7. Certain technological and informational activities be located at
the national water quality facility and be organizationally oriented to
serve national program needs. Examples are: (¢) Data processing
and computation facilities; (&) highly specialized training at levels
not likely to be justified in geographic regions; (¢) development of
uniform procedures for field sampling and analysis.

8. Adequate staff and facilities be provided to conduct toxicologic
and pharmacologic studies needed to assess the impact of waterborne
substances on plants and animals, including man.

9. Existing authorizations for training grants, facilities grants, fel-
lowships, and research grants be utilized and supported to the fullest
possible extent to accelerate the training of scientists and engineers
required for development of the national program.

10. The intramural research program be amplified and extended by
the expansion of grant-supported extramural research activities, with
an ultimate ratio intramural to extramural of approximately 1 to 4.
The extramural effort should include some support of long-term proj-
ects to university research programs.

11. That greater emphasis be placed on the application of existing
knowledge in the control of water pollution, and that stimulation and
assistance to States be given through a combination of increased pro-
gram grants and technical assistance from the Public Health Service.

These recommendations are related to the necessity to prosecute an
independent water resources program. It is recognized that some
elements could be incorporated into the environmental health concept
but such integration is not essential to the successful prosecution of
the water resources program by itself.

There is strong evidence that the water resources program will be
elevated in organizational status, to a position superior to that of other

827408—82——15
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segments of the proposed Bureau of Environmental Health. Argu-
ments have been advanced for separate Bureau status, or for removal
to a level outside the responsibility of the Surgeon General. While
organizational repositioning of the water resources program would not
affect the cogency of the above recommendations, attention is invited
to the probable disruptive consequences of such administrative detach-
ment of the water program from the concept of an integrated environ-
mental health program.

WATER, THE NO. 1 NATURAL RESOURCES PROBLEM

Water has become the Nation’s No. 1 natural resources problem—
a direct result of rapid population and industrial growth and changing
technologies. We can no longer aft ord the widespread illusion that our
water supplies are drawn from a limitless source. We must take com-
prehensive steps now to conserve and protect our water resources in
order to insure the country’s continued growth, prosperity, and
security.

The Nation is not running out of water; there is just as much water
falling on this country now as there ever was. But, there is a limit to
our developable dependable water supply, and water needs are ap-
proaching or exceeding thislimit in many parts of the country. Ifthis
limited supply is to serve all the purposes for which it is needed, the
same waters must be used over and over. This will require effective
water resources management, both quantity and quality.

Since World War II, the Nation’s water resources have been the
subject of important discussions by an impressive number of Federal
committees and commissions set up by the executive and legislative
branches of the Government. Also, most of the States have completed
have underway, or have authorized comprehensive studies of the wate;
resources within their jurisdictions. These studies, both Federal anq
State, up to now have been concerned primarily with the conservation
and development of water resources for power, flood control, irrigation
and navigation. Most of the planning effort up to now has been di:
rected toward increasing and conserving the amount of water available
for use. Far too little attention has been given to the all-important
need of planning for the cleanliness of water. It is now generally
accepted that water quality management must have the highest
priority in water resources developments.

Oversimplifying a very complex situation: The water resources
problem confronting the United States from now on is one of making
its relatively fixed supply meet a rapidly increasing demand by pro-
viding the right quantity of water of the right quality where it is
needed. ‘
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To meet needs we must develop our capturable water resources up to
their maximum dependable amounts and pursue an aggressive, effective
program of pollution prevention and control that will maintain a high
level of water quality in the ground, lakes, and streams across the
country—the Nation’s fresh water supply. We must do the same with
respect to our valuable estuarine and coastal water resources.

Most of our present water pollution problems have resulted from too
little attention in the past. Many States have not been provided with
program resources commensurate with their pollution problems and
their role of primary responsibility in dealing with pollution. The
Federal Government has dealt with the problem only in recent years
and then on a small scale.

Many municipalities and industries have resisted constructing
needed waste treatment works, regarding them as a benefit only to
someone else downstream, and as an unnecessary or unbearable finan-
cial burden. The public has been allowed to retain too much of the
outmoded “water purifies itself every 7 miles” philosophy. Ithasbeen
oversold on the cheapness and plentifulness of water and undersold
on the value and necessity for pollution control. The engineer has
relied on the stream to do much of the waste treatment job rather than
tailoring treatment to keep the stream as clean as possible.

The problems of water pollution have been brought into sharp focus
by the speed of our population and industrial growths, a new and
changing technology, new agricultural practices, and new contribu-
tions to a continually rising standard of living. These developments
have caught us relatively unprepared to deal with the resulting pollu-
tion problems sociologically, economically, legally, or technically. The
water pollution control administrators are attempting to manage the
new, complex problems of today with tools that were designed for the
problems of yesteryear. The Nation isentering a critical water supply
and pollution control situation that requires immediate attention if it
is to continue to move forward.

NATURE OF THE NATIONAL WATER POLLUTION PROBLEM

In the past, pollution control authorities dealt largely with prob-
lems caused by sewage, industrial wastes of known toxicity and
behavior, and natural organics. Pollution control was aimed prin-
cipally toward protecting downstream public water supplies, abate-
ment of local nuisance conditions, and protection of fish and aquatic
life. For the most part, dilution provided by streams was adequate
to prevent serious pollution; waste treatment plants, where provided,
were designed to take full advantage of the self-purifying capacity
of the stream; and the water purification plant provided the safety
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barrier for the water-consuming public. Pollution problems were
principally local in extent and their control a local matter.

National growth and change have altered this picture in recent
years. Population and industrial growth have figuratively and lit-
erally moved waste outfalls closer together and increased their num-
ber. TUrbanization, increased living standards, and encirclement of
industry by the municipality have increased the volumes and strengths
of municipal wastes. In some instances treated effluents today have
polluting effects approaching and sometimes greater than the raw
sewage discharges of 30 years ago.

Increased production of goods have greatly increased the amounts
of “common” industrial wastes. New technologies are producing
complex, new wastes and products that defy our current ability to
treat or control them, or even detect their presence in water. The
increased application of commercial fertilizers and the development
and widespread use of a vast array of new pesticides are resulting
in a host of new pollution problems from land drainage. The growth
of the nuclear energy field and use of radioactive materials fore-
shadow still another complicating and potentially serious water
pollution situation.

Stream pollution is no longer a local affair. Long stretches of
both intrastate and interstate streams are subjected to pollution which
adversely affects their use for many purposes. Conventional biologi-
cal waste treatment processes are hard pressed to hold the pollution
line and for a growing number of our larger cities, these processes
are not adequate. There is growing concern over the ability of our
water purification plants to adequately protect the public against the
sheer mass of biological and chemical pollutants entering plant intakes.

Ground water pollution is still a local affair, although it is often
an intermunicipal and sometimes interstate matter. Our exploding
population is concentrating in urban areas and constantly moving
outward from the central cities into suburbia and exurbia. Sewerage
construction has not matched either this growth rate or its move-
ments. As a result, a large share (an estimated 23 million in 1960)
of our population must rely on individual septic tanks for its waste
disposal. In an increasing number of places, this is resulting in
serious pollution of ground waters which often must serve the same
population with water supply. Few metropolitan areas are escaping
this serious public health problem, and it plagues many smaller
communities.

Sea water intrusion is a growing ground water pollution problem
in coastal areas. It is caused by excessive pumping of the fresh
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ground water which lowers the water table, allowing salt water to
flow into the ground water aquifers. Already a widespread problem,
it is now of particular significance in California, Maryland, New
Jersey, Texas, and Long Island, New York. Oil field brine disposal
practices also are causing salt pollution of ground waters, particularly
seepage from so-called “evaporation” pits. This is a particular prob-
lem in the oil fields of the Midwest and Southwest.

Sewage and industrial waste oxidation ponds, and waste storage
lagoons are often responsible for ground water pollution, especially
when improperly located in permeable soils.

Although the practice is not yet in extensive use except for oil field
brines, industry is beginning to look to underground strata as the
answer to the problems of disposing of highly toxic and/or untreat-
able wastes. This practice should not be pursued until much more
is known of the geology and hydrology involved, and of the proce-
dures which will insure that pollution of ground water aquifers at
any time and any distance from the disposal site will not result with
particular hazard to public health.

Twenty-three States border on the ocean and their estuarine and
coastal waters have been subject to serious and increasing pollution
for many years. Many of our large cities and industries are located
along the coasts and discharge their wastes, treated and untreated,
into adjacent estuaries, bays, harbors, and coastal waters, These
waters are also subject to significant pollution from inland areas,
transported into them by the drainage basins of the country.

Tar EXTENT oF SEwAGE PoLLUTION

Since 1900 the number of communities served by sewers has increased
from 950 to more than 11,000. Over 7,500 of these municipalities
have constructed sewage treatment works to serve 80 million people.
At the same time, the amount of municipal pollution has increased
because of growing population, obsolescence of older treatment plants,
failure to construct needed sewage treatment plants, increased inter-
ception of industrial wastes by municipal sewers, and increased num-
ber of water-using services in the home (multiple baths, garbage
grinders, automatic laundries, ete.).

The following table shows the growth in the sewered population
and the increase in municipal sewage pollution, also future conditions
if the present rate of treatment works construction is maintained and
if secondary treatment is provided by all communities by 1980.
Projections are based on estimated urban growth rates and assumption
that municipalities will continue to intercept acceptable industrial

wastes.
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Population Served by Sewers and Sewage Treatment (1900-1980) 1

{In millions]

Sewered Served by | Discharging | Population

Year population treatment raw sewage | equivalent

discharged

D 8. 1.1 U P 24.5 1.0 23.5 24,0
1920, e e 47.5 9.5 38.0 40.0
1935 e v 9.5 28.8 41.0 51.0
1950 .. 80.0 54.0 26.0 60.0
1960, e el 105.0 80.0 25.0 75.0
(N (145.0) 1(130.0) 3 (15.0) 1 (76.0)
¥ (110.0) 3 (35.0) ? (84.0)
1080 e (210. 0 ¢ (210.0) ¢ (None) 4 (74.0)
5 (140.0) $ (70.0) 5 (150.0)

1 Data taken or extrapolated from “Modern Sewage
Disposal,’” Federation of Sewage Works Association,
1038; 1967 Inventory of Municipal and Industrial Waste
Facilities, USPHS:; and unpublished data from Basio
Data Branch, DWSPC, USPHS.

% Assumes_that progress toward secondary treatment
for all municipal wastes by 1980 will bs made; a per
capita population equivalent (P.E.) of 1.8; and 80 per~
cent removal of P.E, by secondary treatment,

¥8ame as (2) except assumea Dresent rate of sewage
treatment construction will continue,

¢ Assumes that all sewered population will be served by
secondary sewage treatment by 1680; s per capita popu-
lation equivalent (P.E.) of 1.75; and 80 perecent remaoval
of P.E. by secondary treatment,

$Bame na (4) except mssumes present rate of sewage
treatment construction will continue.

This table shows that even if we provide secondary treatment by
present methods for all the sewered population by 1980, the amount
of pollution reaching watercourses in 1970 and 1980 will be substan-
tially the same as today. More importantly, it shows what is likely
to happen if apathy toward constructing needed municipal sewage
treatment continues; intolerable water pollution situations will exist

in many places before 1970 and will be a nationwide situation long be-
fore 1980.

T he urban waste problem: The concentration of population and in-
dustry in urban areas is already creating serious water pollution prob-
lems. Such concentrations produce vast quantities of complex wastes
which usually must be discharged into a single and often relatively
small watercourse. We can look forward to many serious pollution
situations below these large centers of population and industry be-
cause the pollution load imposed by high volumes of treated effluents
will result in low water quality in the receiving stream,

The situation at Chicago is a classic example of the profound eco-
nomic, social, technical, and legal difficulties inherent in the growing
metropolitan sewage disposal problems already with us and certain
to increase in number rather rapidly in the years to come. Although
Chicago provides the best treatment available, the city pours into
the Illinois waterway each day an effluent equivalent to the sewage
from 1 million persons and containing solid wastes, suspended and in
solution, amounting to 1,800 tons.

Municipal waste treatment processes in use today were designed
for the wastes of 40 years ago and no essentially new or more effective
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process has been developed since. These processes will be effective
for many smaller cities for some time, but for a growing number of
larger cities, they are proving to be entirely inadequate.

It is clear that a major water pollution need is to develop new
municipal waste treatment processes that will remove much more of
the contaminants than is now possible, These new treatment methods
will probably be based on entirely different principles and concepts
than the mechanical and biological processes now in use.

The septic tank problem : Associated with urban growth but not con-
fined to urban areas is the septic tank problem of ground water pollu-
tion. Population movement into suburbs has outraced sewer systems
extensions and planning officials. The table below shows the growth
in metropolitan populations served by septic tanks which implies the

magnitude of the problem.

Seplic Tank Installations in Metropolilan Areas

[In millions)
1945 1950 1955 1960 1970
Metropolitan population. ..o oo 75 84 o4 100 134
Served by septictanks. ... ... 8.7 10 15 23 32

Septic tank pollution is particularly a problem where the ground
water is used for domestic and municipal supply. It is nationwide
and involves large and small cities alike. The health hazards are
obvious and much more attention must be given to providing adequate
water and sewer services to suburban populations by developers,
planning officials, health agencies, and regulatory agencies.

Tae ExTENT OoF INDUSTRIAL WaASTES PorroTrion

Organic industrial wastes: Studies and surveys by the U.S. Public
Health Service in recent years indicate that the amount of organie
industrial wastes (treated and untreated) now going into the Nation’s
watercourses is about double the amount of municipal wastes; that is,
a population equivalent to 150 million persons.

By 1975, industry is expected to more than double the production
attained in 1950. This would indicate a possible doubling of present
organic wastes by 1980 which may be tempered by certain technologi-
cal and engineering developments, and the extent to which industry
meets is responsibilities for satisfactorily treating its own wastes.
The increase in organic industrial wastes since 1900 and estimated
amounts in 1970 and 1980 are shown in the following table.
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Increase in Organic Indusirial Wastes

Index of Population equiv-
Yoor industrial alent discharged
production ! (in millions)
1900 .- . 20 15
1920 . e 40 49
o .. . . 66 75
1950.... 113 100
1059, .. 158 150
1970, . 1246 1210
¢ 50
1980_-... e 2367 %310
480

1 Based on 194749 = 100; irom Federal Reserve Board
Index of Production 1800-59,

2 Estimated hy National Planning Board, ‘‘National
TFeonomic Projections,” from annual growth rate of 4.1
percent.

These data show that substantial reductions in industrial organie
pollution loads can be effected by waste treatment if industry can
attain 80 percent removal of population equivalents. Such reductions
will require a greatly accelerated construction program and the devel-
opment of new treatment processes, because fully effective measures
have not yet been developed for many organic industrial wastes. The
table also indicates the pollution situation that will exist if the present
rate of treatment construction continues or if treatment processes are
not found which can approach 80 percent removals.

Inorganic indusrial wastes: There have been large increases also
in the discharge of the “common” inorganic industrial wastes (prin-
cipally of mineral and chemical origin). These wastes have polluting
effects different from organic wastes and cannot be measured in terms
equivalent to sewage. Inorganic wastes originate from metal pickling,
acid mine drainage, metal finishing, chrome tanning, and from the
mining, processing, and manufacture of a wide variety of metal and
chemical products. Also organic wastes often containing substantial
amounts of inorganic wastes show that the amounts are very large
and the index of industrial production indicates they are increasing
rapidly. Fully effective treatment processes have not yet been devel-
oped for many inorganie industrial wastes.

New chemical wastes: The chemical industry is the fastest growing

segment of American industry and some of its growth is reflected in
the table below.

3 Assumes estimated percent rate of industrial waste
treatment construction wil} continua,

¢ Assumes 80 percent removal of population equivalent
by treatment will be obtained.

Leaders in Synthetic Organie Chemical Growth !
Production in million pounds]

1928 1938 1940 1958
Plastics. .ooevemaonooo T 20 130 | 1,488 4,518
Syntheticrubbers_._.._ ... . . L 0 5 1,173 2,202
Synthetic detergents and other surface-activeagents.... ____. |........_. 15 375 1,335
Nylon and other non-cellulosic fibers_ ... 0 0 66 480
Insecticides and other agriculturalchemieals. .. ___..__.._..._ . 0 8 97 530
Medieinals. oo e s 4 13 43 101

Bource: The Chemical Industry Facts Book 1960-61 Edition.
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Synthetic dyes, adhesives, surface coatings, solvents, and many other
industrial, agricultural, and commercial products have also registered
substantial production growth.

A major new water pollution problem has emerged with the growth
of the synthetic chemical industry, Wastes from this industry are
reaching watercourses in increasing numbers and amounts each year,
both from the use of the manufactured products and from wastes pro-
duced during their manufacture. These chemicals reach the stream
by way of municipal and industrial sewers, land drainage, or direct
application of chemicals to the stream, lake, or impoundment.

Wastes and products originating with the synthetic chemical indus-
try are extremely complex in their composition and behavior. Some
cause tastes and odors, and a large number are highly toxic to fish and
aquatic life. Many do not respond to biological treatment and persist
in streams for long distances. We do not know how to detect most of
these compounds in water, or how to treat them in waste effluents or
remove them from water. Most important, we do not know their long-
range toxic effects of these new synthetics on man.

The new synthetic wastes are present in low concentrations in most
waters for the moment, but the industry is continuing its rapid
growth. Each year we are finding increasing amounts of these wastes
at our water supply intakes and since neither our sewage nor our water
treatment plants remove them, they are reaching the consumer in
increasing amounts,

Radioactive wastes: Still another new water pollution problem of
serious potential has emerged in recent years from the growth of
nuclear technology. The presence of radioactive materials in our
streams is adding another new contaminant to the Nation’s water
supply that has serious health implicationsif not controlled.

Pollution by radioactive materials from nuclear weapons testing is
well known., Waste products from mining and refining radioactive
minerals, such as uranium or thorium, may wash or be discharged into
streams. Waste products from refined radioactive substances used in
power reactors or for industrial, medical, or research purposes require
adequate control measures to prevent dangerous concentrations from
escaping to streams.

Radioactive materials are characteristic of a newly developing class
of water pollutants that are subtle in effects and not detected by the
usual stream pollution analyses. Even so, their control is a problem
in principle no different than the control of the more common types of
wastes, and in this instance the only practical means of protection
against human exposure to radioactive wastes in water is treatment
and control of such wastes at their source. Since radioactivity is
cumulative, these controls must be effected in light of total human
exposure in the environment.



226 ENVIRONMENTAL HEALTH PROBLEMS

Heat: Heat pollution is beconing an increasing matter of concern
to water pollution control administrators and conservationists. Since
1900, electric power production has approximately doubled every 10
years and is expected to double again by 1970. Unless controls are
effected, this could mean an increase in heat pollution of more than
100 percent in the next 10 years. This does not even take into account
the increase in water temperatures that will accompany the increase
in impoundments for hydropower, irrigation, navigation, flood con-
trol, and water supply purposes.

In areas of population and industrial concentration, such an increase
in heat pollution in lakes and streams could have a profound effect on
the ability of the waters to assimilate even well-treated wastes, or to
serve increasing demands for recreational and fishing opportunities,
The following example illustrates the potential of heat as a pollutant:
In the Illinois River near Chicago, the effect of thermal pollution from
steam-electric plants is reported to be equivalent to doubling the
organic waste load from the Chicago area; that is, from the present
population equivalent of more than 1 million to more than 2 million,

Tie ExTENT oF LAND DrRAINAGE WASTES

Silt: Up to now silt pollution has largely resulted from erosion of
agricultural lands and streambanks. Two examples illustrate the
magnitude of the silt problem. The annual silt load carried by the
Potomac River amounts to as much as 40 million cubic feet. The
Corps of Engineers has estimated the sediment load in the Mississippi
Basin above the delta to be about 500 million tons per year. The
growth of “suburbia” has created a “new” siltation problem. Housing
developers have completely denuded large areas of land of all vegeta-
tive cover, exposing the raw land to severe erosion with resulting heavy
silt pollution of streams. Serious local pollution problems are re-
sulting from such practices, and pollution control agencies are turning
their attention to them,

Brush and forest fires: With the increasing need for water, particu-
Iarly in water-short areas, brush and forest fires are a matter of
serious concern. Such fires destroy the vegetative land cover, increas-
ing erosion and stream siltation, causing rapid runoff of needed
waters, and creating tastes and odors from leaching of burned
materials.

Irrigation return flows: Irrigation return flows have been a major
water pollution problem in the 17 Western States for many years which
has increased as more land has been put under irrigation. As irri-
gation waters percolate through the soil, they dissolve important
amounts of minerals and other substances. The same waters are
used over and over, with the result that there are repeated additions of
minerals. Evaporation losses are high and this further adds to the
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concentration of pollutants. In many instances, irrigation return
flows render streams unfit for further use, including irrigation, until
some dilution of their mineral content is provided. With popula-
tion and industry moving steadily westward, even into these water-
short areas, the competition for the available water for public and
industrial purposes is rising. The problems this will generate for
the water pollution control administrator are imposing.

Urban land drainage : Each year additional millions of acres of land
are withdrawn for use for streets, highways, airports, housing, and
other buildings. The runoff from these hard-surfaced areas is nearly
100 percent, and with it all of the accumulated deposits—oils, organic
matter, trash, soil and industrial dusts, other air pollutants, fertilizers
and pesticides used on yards and parks. In addition, municipalities
with combined sewers are bypassing increasing amounts of storm
water sewage as hard-surfaced areas increase. Only recently have
pollution control agencies looked into the matter of urban land drain-
age and have found its pollution potential to be highly significant.

Agricultural pesticides and fertilizers: Perhaps the most important
and emerging land drainags problem involves the tremendous increase
in the use of agricultural pesticides and fertilizers. Production of
synthetic pesticides in 1958 amounted to more than 500 million pounds,
and most of this production was used by U.S. farmers, Each new
pesticide introduced on the market is generally more toxic than its
predecessor.

More than 30 million acres of cultivated cropland are sprayed one
or more times annually in the United States. Aerial spraying is in-
creasing. The treatment of pasturelands and noncroplands, such as
highway rights-of-way, is adding to the total use of pesticides. Also,
the chemical control of rough fish, aquatic vegetation, and nuisance
plants such as mesquite is increasing. Urban dwellers account for a
small but significant share of the growing pesticide market,

With some 500 million pounds of highly toxic chemicals being
broadecast over the land, it is inevitable that some of it will reach our
watercourses. They may be applied directly to the water, they may
drift into water during the treatment of adjacent areas, or they may
be washed in from treated areas of the entire watershed. Many of
these materials have a long residual toxicity in the soil. Numerous
fish kills have been traced to pesticides. In other situations, aquatic
life, both animal and plant, making up the food chain of fishes have
been wiped out.

Most pesticides are not removed by ordinary water treatment proc-
esses. While the concentrations found thus far have no apparent
acute toxicity to humans as drinking water contaminants, they are
approaching levels toxic to fish under continous exposure. As the
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use of these chemicals continues, the chronic effects of long-term in-
gestion may well be of greater significance than acute toxicity.

Some indication of the magnitude of the problem in the immediate
years ahead has been given by Mr. Wayne R, Yoder, manager of
American Cyanamid’s pesticides products department, who has pre-
dicted a ten-fold increase in pesticide output in the next 20 years.
This could mean in 1980, pesticide production amounting to more than
5 billion pounds annually.

As scientific farming progresses, the U.S. farmer is using more
and more chemical fertilizers. This practice will undoubtedly in-
crease as new lands are put into use and as more intensive farming
practices become profitable. Fertilizers applied to agricultural lands
find their way into natural waters principally during runoff and
from soil leachings. Their significant pollutional effect thus far
appears to be the adding of nutrients to the water environment, al-
though as their use increases there may be other effects such as in-
creased hardness and mineralization.

These added nutrients are capable of supporting and often do sup-
port heavy aquatic growths, bacterial, algal, vegetation, and others,
particularly in impoundments. Many of these forms of aquatic
growths improve the fishing environment, but usually this proves to
be a more serious detriment than benefit because such growths often
cause serious tastes and odors in water supplies that are difficult and
expensive to remove. Stream pollution from agricultural fertilizers,
supplemented by the increasing amounts of nutrients from municipal
and industrial wastes, is becoming a water pollution problem that
may reach national significance. A widespread increase in the growth
of nuisance organisms and plants would have serious degrading
effects on water quality and use.

NoNwWITHDRAWAL WATER Usks

Recreation: Recreational use of waters—swimming, water skiing,
and boating—can cause measurable pollution. The pollution result-
ing from water contact sports is principally bacterial. The very
large increase in recreational boating and water skiing is resulting
in increased pollution. Most recreational craft do not have waste-
disposal facilities, and galley and toilet wastes are discharged directly
into the water. These kinds of pollution create particular problems
when recreational watercraft are clustered together in anchorages,
both in fresh waters and coastal salt waters.

A new and perhaps serious problem of pollution is resulting from
the growth of outboard motor boating and water skiing, particularly
on lakes and reservoirs. Public Health Service studies are showing
sigmificant concentrations in such waters of oil, lead, and combustion
products from outboard motor exhaust. These wastes have been
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shown to cause tastes and odors, taint fish flesh, and in sufficient con-
centration to be toxic to fish and aquatic life.

Nawigation: Navigation is an old and continuing source of water
pollution in estuaries, habors, and coastal waters, With the opening
of the St. Lawrence Seaway, it is a growing problem in the Great
Lakes that is creating concern. Ship pollution consists of bilge
waters, sanitary sewage, garbage (including cargo spoilage), oils,
and whatever can be thrown overboard. Accidental spills in pumping
liquid cargoes to shore occasionally cause serious problems as do
navigation accidents. Few ships afloat today, even those of recent
design, have any facilities for the collection, treatment, or disposal
of shipboard wastes.

The St. Lawrence Seaway has opened the Great Lakes fo 90 percent
of the world’s commercial vessels and to possible increases in vessel
pollution, a matter of considerable concern in the Great Lakes, in-
volving water supplies, recreational beaches, and real estate values.
The discharge of shipboard sewage near public water supply intakes
is of special concern since many of these intakes are in or near
present port areas or those being planned for development. With
ships from all parts of the world entering and harboring in waters
adjacent to public water supply intakes, the chances are greatly en-
hanced for waterborne disease transmission, and particularly those
diseases from other countries which have long been gone from the
American scene or never have gotten a foothold here.

ECONOMICS OF WATER POLLUTION

The application of basic economics is needed to develop valid yard-
sticks by which reliable dollar measurements can be made of the costs
of water pollution and benefits from its control. With such data,
water resources can be accomplished on a more sound basis. Achieve-
ment of this goal will require measurements for the value of each
water use. These may well differ according to the region or situ-
ation involved. New measurement devices which take into account
social and public values will need to be developed.

Because of the magnitudes of investments required to achieve water
quality control and because of the extensive ramifications throughout
the economy of polluted waters, more economists are scrutinizing the
situation. The increased attention acts as a stimulus to technical
experts already involved and to scholars, public administrators, and
others. It is imperative that the intensity of this pace be increased,
for adverse economic effect on human welfare is too great for cor-
rection to be left to chance or the sporadic attention of the general
publie.
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APPROACHES TO SOLUTION OF THE NATIONAL PROBLEM
PuBLIC AWARENESS

Related to all the elements in water quality management is the need
for a much better public understanding of the water pollution situa-
tion and greater public support for what needs to be done.

Very important water resources decisions are being made and will
continue to be made in the years ahead. The public should have a
voice in these decisions and it should be an informed voice. For ex-
ample, any changes in water rights legislation would have a profound
effect on water use and the public should be heard on such issues,
Further, it is the public which must pay for water resources develop-
ments, including water supply and pollution control, and these pro-
grams will not go forward unless the bond issues are passed.

To have the force of public opinion behind water quality manage-
ment, the facts must be presented to the public through well-thought-
out programs. Public support will make it possible to meet needs
for adequate legislation and appropriations, and for planning, con-
struction, and the other elements of a successful national water quality
management program,

LEreI1sLaTION

The law is the basic framework within which organized society
carries out its public functions, including water pollution control.
Effective pollution control programs must be supported by effective
legislation, tailored to meet the specific problems and needs. As these
change, the supporting legislation should be reviewed and changed
accordingly.

Many States have reasonably comprehensive pollution control leg-
islation, but all should have it. Legislation is needed for metropolitan
areas which will permit communities in the urban fringe to work more
effectively and equitably with the central cities on an integrated
regional approach to common water and waste problems, including
interstate cooperation where necessary. A very pressing need is im-
provement in State laws for the public financing of waste treatment
works. Although most States have liberalized and clarified their
public financing laws since the 1930’s, improvements are still needed.
It may be necessary for the States to consider legislation dealing with
the financing of industrial waste treatment works as some have already
done.

The need to manage our water resources effectively and efficiently
is making it increasingly necessary to provide legislation for inte-
grated river basin and regional water resource developments par-
ticipated in by all local, State, and Federal interests concerned.



Water Supply and Pollution Control 231

APPLICATION OF ABATEMENT MEASURES

Construction of treatment works: A great deal of water pollution
abatement could be achieved now if present knowledge were applied,
and the needed sewage and industrial waste treatment, works were con-
structed and properly operated and maintained. A large backlog of
sewage and industrial waste treatment construction has accumulated
through the years. Last year, the Conference of State Sanitary Engi-
neers completed a comprehensive survey of municipal waste treatment
needs as of December 31, 1960, which is summarized as follows.

National Summary, Backlog of MunicipallWaste. Treatment Needs

Type of need Number of Population
communities served
Now plants. o e 4,136 22, 997, 547
Erlargements oo e d e eanas 560 12, 729, 981
Additional treatment... . e e maammme e aancen 431 6, 513, 107
B 2] 72 ) U 8,127 42,240,725

The estimated cost of the above municipal waste treatment needs is
$2 billion. Elimination of this backlog in 10 years, together with
needs imposed by population growth and obsolescence of existing
works during this period, will require an average annual expenditure
of $600 million, 40 percent higher than is being spent by municipalities
Nnow.

Information on industry’s waste treatment construction needs is not
nearly as complete as those for municipalities. This is one of the
serious gaps in basic data collection that must be filled. However,
surveys by the Public Health Service in 1950 and 1954, information in
the 1957 Inventory, and industry’s waste treatment record since indi-
cate that more than 6,000 construction projects are needed for indus-
trial wastes. To eliminate this backlog of needed industrial waste
treatment and control measures, and to provide for new needs of a
rapidly expanding industry, industry will need to spend an average
of $575-$600 million a year for the next 10 years to meet its pollution
control obligations.

‘We cannot afford to continue to lose ground to water pollution by
failing to construct needed municipal and industrial waste treatment
works. Where there are adequate treatment processes available, and
there are no problems of organizing and financing treatment works,
construction should be required without delay, invoking enforcement
when necessary. Where reasonable and effective treatment methods
are not available, adequate research programs should be pursued.
Where there are problems or organzing and/or financing, the necessary
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legislation, incentives, and other mechanisms should be provided so
that construction can proceed.

Efficient operation and maintenance of waste treatment works: It
is not enough merely to construct waste treatments works—they must
be efficiently operated and maintained thereafter. This responsibility
rests directly on the municipality or other public agency, and on the
industries which own the treatment facilities. The regulatory agency
responsibility belongs to the State.

Municipalities and industries should be strongly urged to employ
the most qualified supervisory, operating, and maintenance personnel
possible. Much more attention needs to be given to training programs
for both professional and subprofessional operating personnel. States
need more staff and funds to properly supervise operation and mainte-
nance of municipal and industrial waste treatment plants. The degree
of efficient operation of a waste treatment plant is usually the differ-
ence between satisfactory and unsatisfactory pollution conditions
downstream. Proper maintenance improves plant efficiency and pro-
tects an important economic investment. If all the existing waste
treatment plants were operated and maintained at a high level of
efficiency, it would result in a very substantial additional reduction in
present pollution of the Nation’s waters.

Enforcement: Most States prefer to use persuasion in getting
municipalities and industries to construct needed waste treatment
facilities. However, when reasonable efforts at persuasion have failed,
all States should vigorously apply their own enforcement measures.

In 1959 a survey of the States was made to assess tangibly the utili-
zation of enforcement procedures by the State water pollution control
agencies. An analysis of replies submitted by the 42 States which
reported showed that, of the 37 having authority to issue adminis-
trative orders, 8 had issued none, 17 less than 50 orders, and 12 had
issued 50 or more. All States have authority to take court action, and
the survey showed that 17 States have never brought a court action,
5 have brought only 1 each, 10 had brought from 1 to 5 each, 6 from
5 to 15 each, and 3 States have instituted more than 15 actions each
(1 State did not specify any number).

Since Public Law 660 was enacted in 1956, Federal enforcement
action has been taken in 15 interstate pollution situations. The 2
most recent cases are in the conference stage, but in the other 13 agree-
ments reached as a result of conferences and the findings of public
hearings, facilities costing about $500 million are to be constructed.
When completed and in operation, these will eliminate the interstate
pollution situations and upgrade the water quality of 4,000 miles of
streams.

Enforcement actions will undoubtedly need to be invoked more
frequently in the future if further ground is not to be lost to pollu-
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tion. The States need to be more aggressive in this area, not only
to get the job done for which they are primarily responsible but to
retain the responsibility.

Improvement of watershed management practices: Many activi-
ties on watersheds adversely affect the quality of water draining from
them. Poor agrieultural practices which contribute to soil erosion,
injudicious applications of fertilizers, lumbering activities, unwise
use of economic poisons, and construction which lays bare large areas
of land are examples of poor watershed management practices which
contribute to water pollution.

Since land drainage wastes cannot be collected and treated as can
sewage and industrial wastes, their control requires good land man-
agement practices. The application of such practices would result
in substantial improvement in the quality of many waters. Water
pollution control administrators need to give much more attention
to land drainage pollution, especially to the development of controls
through good practices.

In-plant control of industrial wastes: The reduction or elimina-
tion of materials from the liquid effluents of industrial plants by
process changes, equipment modifications, careful housekeeping, and
other in-plant measures can significantly reduce the waste load to be
treated and which eventually reaches the stream. Many industries are
reluctant to institute in-plant waste controls unless this results in
profitable savings, They have overlooked the substantial savings in
waste treatment costs and the beneficial effect on the receiving stream
{rom reduced effluent loads.

Improved management of nonwithdrawal water uses: The use of
water supply reservoirs for bathing and other water sports has be-
come a matter of increasing concern for water works officials. Where
recreation use is permitted, a barrier of distance, the maximum rea-
sonably enforceable, should be maintained around the intake. Ade-
quate and properly maintained sanitary facilities should be provided.

The discharge of untreated toilet wastes and garbage from ships
and pleasure craft should be prohibited. Rigid controls are needed to
provide a barrier of distance to protect public water supply intakes.

Studies are needed to determine the effect of the underwater dis-
charge of outboard motor exhaust emissions to provide a basis for
control, Proposals to apply chemical poisons to water to destroy
undesirable fish, weeds, insect larvae, algae, and other nuisance aquatic
life should be approved by the State water pollution control agency.

CoLLECTION AND EVALUATION OF Basic Data

Basic data in water quality management are the counterparts of
inventories and bookkeeping in business. Water is big business today,

627408—082——16
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and reliable basic data are necessary to orderly and eflicient develop-
ment and administration of river basin water quality management
programs,

In pollution control, basic data consist principally of information
on the sources, kinds and amounts of pollution ; the causes of pollution
and 1ts effects on water quality and uses; the present and future in-
tended uses of waters; the pollution prevention and control measures
required to accommodate the planned water uses; the kinds, costs,
and efficiencies of remedial treatment works; and the costs and benefits
associated with pollution and its control.

The dearth of reliable basic data on water resources has been spe-
cifically pointed out by the Presidential Advisory Committee on Water
Resources Policy, the Senate Select Committes on National Water
Resources, and by the 1960 National Conference on Water Pollution.

Basic water pollution data need to be collected, evaluated, and dis-
tributed on a cooperative basis among the water resources agencies
concerned. To make these data more reliable, they need to be col-
lected on a continuing basis in all the river basins; to make them more
usable they need to be made available widely. We need to know
where and why we are gaining or losing ground in controlling pollu-
tion, and to maintain a water intelligence that will detect pollution
situations as they arise before they become major problems. Progress
has been made, but basic data collection and evaluation programs still
need to be greatly accelerated by all water pollution control agencies—
local, State, interstate, and Federal. Most agencies require increased
appropriations before this can be done.

TECHNICAL, SERVICES

For nearly 50 years, the Public Health Service has been providing
technical services to State and interstate agencies, other Federal agen-
cies, and to municipalities and industries. The solution of many
problems requires scientific and specialized personnel which the State
and interstate agencies cannot justify on a full-time basis,

Technical services have been and will be an increasingly cffective
tool in the Federal-State-local cooperative approach to water pollution
problems. As problems become more complex and demands increase,
a much greater resource and variety of skilled manpower and facilities
will be required. The State agencies have a major responsibility to
provide technical services to local agencies, municipalities, and indus-
trial plants. As problems multiply and more treatment works are
placed in operation, the need for technical assistance will increase.

ResearcH AND DEVELOPMENT

The problems to which research and development must be directed
encompass all phases of the fate of a waste, from its point of origin to
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the point of water use. Because of the water quality implications of
water conservation measures, this area of concern is included. The
major problem areas are (1) sources of waste, (2) evaluation of pollu-
tional effects of wastes, (3) treatment of wastes, (4) disposal of
treated waste eflluent, (5) water quality surveillance, (6) water treat-
ment, and (7) conservation and water quality. Each of these is pre-
sented in terms of its major research needs.

Special consideration is given to certain activities which may be
most advantageously conducted through pooling program resources
at a central research facility. These needs include fundamental
studies in toxicology, ecology and systems analysis, and instrumenta-
tion.

SOURCES OF WASTE

Our ability to account for pollution in the water resource is un-
satisfactory. This shortcoming is twofold: the pollutional impacts
of several important sources of waste have not been well defined and
methods for determining important characterstics of waste are in-
adequate. On the one hand, therefore, certain significant sources of
waste have been largely ignored (as for example, land drainage), and
on the other, control of wastes has been incomplete (as for example,
alkyl benzene sulfonate in sewage). Only recently have these defects
in accounting for pollution been recognized.

Four major sources of pollution have now been described : sewage,
industrial wastes, land drainage, and nonwithdrawal water uses.
Each presents difficulties in measurement and characterization.

Sewage: Sewage is assuming new and important chemical charac-
teristics. For example, organic chemicals of industrial origin may be
undetected and unsuspected components of sewage. Satisfactory con-
trol of sewage requires improvement of analytical methodology to
detect and measure substances of industrial origin as a first step in
their evaluation and control.

Industrial wastes: The “traditional” industrial wastes are still ma-
jor problems. However, new and even more troublesome wastes are
being encountered, such as radioactive wastes, thermal pollution, and
g vast complex of waste substances discharged by the chemical indus-
tries. The gap in knowledge of the quality and character of such
wastes is a problem of fundamental importance in the protection of
water quality.

Thermal pollution: An Increase in stream temperature caused by industrial
use may hinder the stream’s ability to assimilate wastes, impalr valuable aquatic
life, reduce the value of the water for further cooling use, and promote the
growth of objectionable slime or aquatic weeds. No reliable data are yet avail-

able for determining the rate at which a stream wil} dissipate excess heat, or
on which to base effective controls.
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Radioactive wastes: Research is required to determine the behavior and fate
of radioactive materials in sewage treatment processes and in the aquatic en-
vironment (both fresh and salt water), develop treatment processes for wastes
from major nuclear industries, and develop relatively rapid physical-analytical
methods for determining the specific radioactivity of aquatic media.

Chemical wastes: Wastes from the modern chemical industries are inade-
quately described by conventional yardsticks of waste strength and character.
Chemical characterization of waste effluents is most difficult and their control
requires the availability of analytical procedures that can reliaby reflect the
waste's composition and pollution character.

Land drainage: The pollutional impact of land drainage, except-
ing siltation, is relatively recent but highly significant. There is
increasing evidence that most land uses result in a deterioration of
water quality,

Urban runoff: Drainage from urban areas is now regarded to be an important
factor in pollution., Determination of the chemical, physical, and biological
character of these wastes is & necessary preliminary to the development of
effective methods for their capture and treatment.

Agriculiurai chemicals: The large increase in use of agricultural chemicals,
particularly the new synthetics, has created a new water pollution problem
from land drainage. It has been stated, for example, if the 466 million pounds
of pesticide sold in the United States in 1958 were diluted by the average annual
runoff of all streams, the resulting concentration would be about 0.13 ppm, and
for amrmonia it would be 3 ppm. Research is needed to develop effective methods
for capturing, identifying, and controlling land drainage wastes.

Irrigation return flows; The value of water used for irrigation is seriously
limited by the increase in inorganic salts leached from the soil following each
application. No practicable control measures have been developed.

Nonwithdrawal water use as a pollutional factor: Increasing rec-
reational use of impounded waters is raising questions of consider-
able importance, such as the survival of pathogens in relation to use
for drinking purposes, the pollutional effect of outboard motor ex-
hausts, and the growing use of organic poisons to destroy nuisance
water vegetation, insect larvae, and undesirable fish. The problem
of pollution by wastes from vessels and pleasurecraft using the Great
Lakes and other inland waters has not been adequately studied. The
optimum multiple use of impounded waters requires examination of
the physical, chemical, and biological character of contaminants as-
sociated with each use.

EVALUATION OF POLLUTIONAL EFFECTS OF WASTES

With increasing frequency, control agencies are faced with water
pollution problems that involve new types of wastes whose impact on
water uses and on human health cannot now be fully evaluated. Toxi-
cological and epidemiological studies are essential to assessment of the
public health importance of new wastes, and a protocol of effective
research must be established.
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Predicting towic effect of a waste on aquatic life: Data on which
to base the environmental requirements of aquatic life are needed,
and must be developed through research. These requirements, which
include such items as temperature, dissolved oxygen, carbon dioxide,
and pH, should be based on scientific fact so that reliable criteria can
be developed for managing water quality to restore and maintain a
suitable aquatic environment. These criteria may also prove valuable
in managing water quality for other uses,

Predicting impairment of water treatment processes by o waste:
A waste may impair water treatment processes by retarding floccula-

tion, increasing chlorine demand, or other effect. Reliable predictive
methodology for such effects should be developed to guide water

purification practices.

Predicting effect of a waste on palatability : Objectionable taste and
odor in drinking water is the most common manifestation of indus-
trial pollution which is difficult to identify and trace. Development
of effective methods for predicting a waste’s taste and odor potential,
and for identifying and tracing the responsible substance is needed.

Epidemiological studies: Current methods of disease reporting indi-
cate that waterborne infection is infrequent and not a major route
of dissemination; yet there remain troublesome endemic occurrences
of diarrheal diseases, infectious hepatitis, and poliomyelitis not ex-
plained by “contact” spread. More refined techniques must be de-
veloped to reveal the relationships of less obvious cause and effect.

Few systematic appraisals of the health effects of pollutants have
been made other than traditional investigations of infectious diseases.
We need to know much more of the effects of mineral salts, organic
compounds, domestic and industrial waste components, as well as
the etiological agents of infectious disease; also, we need to know the
effects of deficient trace elements, molybdenum, selenium, vanadium,
nickel, zine, and copper.

Evaluating towic effect of a waste on humans: Many of the waste
substances now entering water supplies are known to be toxic in suf-
ficient concentrations, but there are many others of which toxicity is
unknown. Detailed studies of the toxicologic effects of individual
chemicals and mixtures of chemicals are time consuming and costly,
and it is hazardous to predict toxicity potentials of mixtures on the
basis of individual components, especially if they vary in specific
biological, physical, and chemical properties. Increased attention
must be directed to the development of rapid screening tests for waste
materials which may carry toxicity hazards in the area of water
supply. The fundamental studies in toxicology and the related sci-
ences required by the development of such tests can probably be best
conducted in concert with other programs having similar interests
and competency.
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TREATMENT OF WASTES

The important need for the development of new methods for treat-
ing wastes more effectively and cheaply is not being adequately met.
Also, since conventional treatment methods remove only 40-60 per-
cent of pollutants in wastes, there is a real need to develop entirely
new processes which will approach actual purification. This is be-
coming a particular requirement for large cities and in areas of
population and industrial concentration where treated effluents are
too great a burden on receiving streams, and where the same water
must be used several times to meet needs.

Improvement of biological systems of waste treatment: Improve-
ment of methods for selecting and rapidly adapting micro-organisms
to metabolize new organic compounds will increase the effectiveness of
present biological treatment systems. Whether organisms can metab-
olize a given compound or not will provide regulatory bodies and
industry with information to determine whether a waste is acceptable
in a waste treatment system and the receiving water.

Treatment of wastes in stabilization ponds: The waste stabilization
pond is a recent important low-cost treatment development. Pond
design presently is on an empirical basis and understanding of the
natural forces (solar energy, respiration, wind, etc.) involved in the
stabilization processes is too fragmentary to properly evaluate their
effect on design criteria. Additional knowledge is needed on effects of
hydraulic loading and of waste character on pond efficiencies in re-
moving pathogenic organisms.

The application of physical-chemical principles to separation of
soluble solids (T he Advanced Waste T'reatment Research Program) :
In the face of a naturally fixed water supply, the growing needs of
expanding population and industry is requiring that a given water
source be used more and more intensively. Eventually reuse will be-
come an accepted and necessary practice in most densely populated
areas. The development of satisfactory waste treatment techniques
which will provide for repeated reuse of the receiving stream repre-
sents a major, challenging research problem.

Because present methods of waste treatment, stream sanitation, and
water purification cannot remove many of the new pollutants and
only a fraction of the older ones, a major research program has been
undertaken to evaluate physical-chemical principles applicable to
much more complete removal of contaminants from water. Some of
the research areas of interest are: adsorption, extraction, foam frac.
tionation, freezing, ion exchange, oxidation, and various membrane
processes. 'The major question will revolve about the eventual eco-
nomic feasibility of such operations. Participation in this pro
by universities, research institutions, and industry is highly desirable,
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DISPOSAL OF WASTE EFFLUENTS

In disposal of waste effluents, the receiving water is seldom used
effectively for maximum dilution which raises pertinent questions re-
garding the adequacy of outfall design techniques. Effective tech-
niques need to be developed to assure optimum use of all available
recelving water, whether this be in a stream, the Great Lakes, or coastal
marine waters,

The discharge into top soil of the liquid wastes from millions of
homes and many industrial plants represents a potential, and often
actual, nuisance and public health hazard. Discharging liquid indus-
trial and radioactive wastes into very deep porous strata emphasizes
the need for more information on this method of final disposal.

WATER QUALITY SURVEILLANCE

Until recently, few programs of water quality intelligence could
present a realistic picture of changing quality conditions in a stream.
The minimum criteria for effective quality surveillance are clear. An
acceptable program must be based on stream data that accurately re-
flect the stream’s condition. Sampling and analytical procedures
must be dependable and inexpensive.

With increasing demands for water of good quality for all water
uses, the demand for dependable and economical sampling and analy-
tical techniques becomes more acute. KEven the application of our
most advanced laboratory methods would presently provide only a
partial picture of water quality conditions. Because of the impor-
tance of such data in water quality management programs, consider-
able emphasis must be given to research directed to satisfying this
need.

Improvement in bacterial indices of fecal contamination: The ma-
jor research goal of sanitary microbiology is to develop simpler, more
rapid and more specific procedures for identifying contamination by
human wastes. Such procedures are important in health protection
and are needed where questions of important regulatory action are
involved.

Becovery, identification and evaluation of viruses: During the last
15 years more than 70 viruses have been detected in human feces. All
may be present in sewage. Viruses pass through the sewage treat-
ment plant, persist in contaminated waters, and may penetrate the
water treatment plant. Numerous outbresks of infectious hepatitis
have been traced to contaminated drinking water. The occurrence of
such incidents appears to be increasing. An assessment of the sig-
nificance of water in transmitting viruses will depend on the develop-
ment of improved techniques. The development of an effective
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method for culturing the virus of infectious hepatitis represents the
single most important task for research on waterborne viruses.

Use of biota in water quality surveillance: Changes in aquatic popu-
lation reflect changes in water quality. A number of attempts have
been made to employ aquatic life in water quality surveillance. No
system has, however, been generally accepted as satisfactory by ac-
quatic biologists. The potential value of employing acquatic biota in
water quality surveillance should be determined by research.

Recovery and identification of chemical contaminants: Increased
production and widespread use of organic chemicals are introducing
more new and highly complex chemicals into the water resource for
which no methodology for their detection and measurement exist.
The development of more effective methods for capturing, concen-
trating, identifying, and measuring organic contaminants represents
an important need in water quality surveillance, and in development
of controls. Improved, highly refined instrumentation for micro-
chemical analysis must be developed for this purpose. It is clear that
this will require evaluation and adaptation of the most advanced
techniques of chemical separation and analysis.

WATER TREATMENT

The modern water purification plant represents a solution to the
treatment problems of a generation ago. Its main function then, as
it is now, was to remove particles suspended in the water and to destroy
micro-organisms that manage to survive flocculation and filtration
procedures. A. well operated modern water treatment plant still per-
forms this function efficiently.

However, the modern water treatment plant does not remove dis-
solved impurities efficiently and is unable to handle satisfactorily
problems involving soluble organics. This situation will become pro-
gressively worse as the challenge increases. Where taste and odor are
objectionable, carbon is usually applied, but carbon is selective in its
action, and sometimes ineffective.

To increase the efficiency and economy of water treatment, it is
necessary to develop a fundamental understanding of physical-chemi-
cal principles applicable to the removal of foreign substances in water,
soluble and colloidal as well as in particulate form.

Improved separation of suspended solids: Although it has been in
use for some 50 years, the mechanism by which the filter component,
functions has not been well defined. Because the filters represent the
most expensive part of the plant, an improved understanding of filter
function and performance is essential to a reduction of water produc-
tion costs. Although current research is directed to water purification,
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it should also be applied to suspended solids separation in waste
treatment.

Improved separation of dissolved substances: The growing taste
and odor problem in drinking water taken from streams subject to
chemical wastes is evidence of the inefficiency of modern conventional
water purification plants in removing chemical contaminants. Re-
search on improving separation procedures is needed and would be
mutually complementary with the Advanced Waste Treatment Re-
search Program. Developments in this program can be applied to
‘water purification. This potential benefit to the quality of municipal
water supplies supports the need for the Advanced Waste Treatment
Research Program.

Disinfection: Chlorine, the disinfectant used almost universally in
safeguarding water, is not effective against all micro-organisms in the
concentrations of chlorine normally used in water works systems. Cer-
tain viruses, the cysts of Endamoeba histolytica, nematodes, and slime
bacteria are resistant or invulnerable to chlorine in the amounts gen-
erally applied. Research on new and more effective disinfectants
should be supported.

CONSERVATION AND WATER QUALITY

The need of our growing population, industry, and agriculture make
it essential that practicable ways be found to conserve for use and re-
use, waters now being lost or wasted. Phases of present effort include
impoundment of water, desalination of brackish and salt water,
weather modifications, long distance piping, recharge of ground water
and evaporation control. Many of these phases present special prob-
lems requiring research effort on methods of protecting water quality.

TOXICOLOGY

The time and expense required to evaluate the long-term toxicity
of a substance by classic methods preclude such determinations as a
routine procedure in the water supply field. An important need exists
for a presumptive test or a screening procedure which would permit
the identification of chemicals of real significance, a difficult and ex-
pensive research task, Toxicologists, biochemists, pharmacologists,
physiologists, and other scientists allied to toxicology, capable of
undertaking fundamental work in physiological response to subtle
chemical challenges, would be required for toxicology research. Be-
cause this need is probably general in all environmental health phases
such research should be conducted through pooling of resources in a
central facility.
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ECOLOGY AND SYSTEMS ANALYSIS

The Federal water supply and pollution control program has in-
itiated epidemiological investigations on the relationship, if any,
between drinking waters of differing chemical character and the illness
experience in communities using these waters. The project must be
conducted independently because an important condition is the specific
geographical area served by the water supply of concern.

Supraprogram considerations are involved, however, where a chemi-
cal of critical interest occurs simultaneously in several environmental
phases. For example, specific cancer promoting chemicals encoun-
tered coincidentally in water, food, and air. In this case, it is doubtful
that classical epidemiology could resolve satisfactorily the relative
importance of each of the several environmental phases. More
sophisticated techniques based on analysis of the total system must be
employed.

The most complicated situation would be a concurrent challenge by
diverse environmental stresses, each of which may be insignificant by
itself. This might conceivably involve a simultaneous exposure to
toxic chemicals in trace concentrations in food, water, and air, a patho-
gen in Jow concentration in food, radiation slightly above background,
and, say unusually high ambient temperature. This kind of situation
probably is a frequent occurrence and is actually concerned with hu-
man ecology. An evaluation of the public health problem presented
is not believed to be within the present capability of modern analytical
techniques. Research on “human ecology and systems analysis” might,
however, produce analytical procedures for the evaluation of the pub-
lic health significance of multiple environmental stresses occurring
simultaneously. Such research could probably be carried on best by a
team having competency in mathematics, physics, analytical chemistry,
microbiology, biometrics, and epidemiology working at a central
facility.

INSTRUMENTATION

Certain basic analytical methods and their required equipment,
because of their wide applicability, costliness, complexity, or need for
scarce high-level personnel, are best made available as service facili-
ties for use across the lines of individual programs at a central facility.
These activities would also involve the development and/or application
of highly precise and difficult analytical methods and instruments to
research procedures.

DIsSEMINATION OF KNOWLEDGE

A basic approach to the solution of the national water pollution
problem is in effective dissemination of the knowledge needed to do
the job. This need reaches from the operator. of the waste treatment
works upward through the highest policymaking levels. There is, of
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course, dissemination of knowledge now through professional meet-
ings, seminars, conferences, and publications but a much more
concerted program is needed. There is a great deal of valuable in-
formation available in files across the country and in the experiences
of many competent persons which is not available to others. An effec-
tive program is needed to: (1) Result in the rapid translation of the
findings of research and studies into practical application to existing
problems; (2) improve professional competencies through the sharing
of experiences and information; (3) prevent unnecessary duplication
of effort; (4) point up gaps in needed information; and (5) encourage
new ideas and approaches for solving problems. A great deal could
be accomplished through use of a wide variety of publications, tech-
nical training, demonstration projects, conferences and seminars on
subjects of special interest, and establishment of a national data
retrieval service.

CoMPREHENSIVE PROGRAMS

For nearly 30 years the Nation has been moving toward basinwide
and regional water resources planning. The need for this type of
comprehensive water resources management is accelerating as com-
petition for the available water increases and as problems of water
pollution multiply.

Since the economic and social structures of whole regions often
depend upon the available water resources, and how these are de-
veloped and used, comprehensive pollution control plans need to be
integrated with all other land and water resources planning for &
river basin or a region. The growing requirement for multiple
water reuse to meet water demands makes integrated water quality
management planning a matter of highest priority.

Research or systems analysis for application to comprehensive pro-
gram planning for pollution abatement is needed to produce a rational
basis for management of water quality. A typical river basin may
include multiple sources of pollution, multiple water uses, and mul-
tiple possibilities for reservoir development for streamflow augmen-
tation. There may be several possible methods of treatment available
for certain wastes. In addition, there are natura] variables such as
rainfall and runoff patterns. With such an assortment of interrelated
variables, the choice of the best water quality management decision
under any given gituation and time will require the development and
application of methods of systems analysis.

SCOPE OF FEDERAL WATER SUPPLY AND POLLUTION CONTROL
PROGRAM

RESPONSIBILITY

Four major points need to be considered in reviewing the broad
scope of the program contained in the Federal Water Pollution Con-
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trol Act as amended, and the responsibility of the Secretary of Health,
Education, and Welfare for conserving and improving water quality
for all uses:

1. The Act makes it clear that there is to be a strong Federal role in water
pollution control ;

2. The provisions of the Act make it mandatory that the Secretary carry out
the specified programs;

3. The Act provides for broad water quality control responsibilities for all
water uses; and

4. The Act assigns to the Department the primary Federal responsibilities for
water pollution control and in so doing, assigned it the role of a major Federal
water resources agency.

The Federal Water Pollution Control Act goes beyond the usual
public health legislation in that it assigns to the Department the re-
sponsibility for controlling water pollution to conserve and improve
water for all uses—propagation of fish and aquatic life and wildlife,
recreation purposes, industrial and agricultural (including irrigation)
supplies, and other legitimate purposes, as well as public water sup-
plies and protection of the public health.

LrersrAteEDp RESPONSIBILITIES

The programs authorized and directed to be carried out by the Act
provide a broad base for dealing with both the water resources and
the health aspects of water pollution prevention and control. Spe-
cifically, the Secretary is:

1, Directed to encourage cooperative activities by the States in—
a. Prevention and control of interstate pollution,
5. Enactment of improved laws to control water pollution.
¢. Establishment of interstate compacts,

2. Authorized to make grants to State and interstate agencies to assist
them in meeting costs of water pollution control programs ($5 million annually
through fiscal year 1968),

3. Authorized to make grants to municipalities for the construction of waste
treatment works ($80 million in fiscal year 1962, $90 million in 1963, and $100
million annually thereafter through fiscal year 1967. Individual grants lim-
ited to 30 percent of cost of project or $800,000, whichever is smaller; where
project will serve more than one municipality, the total of such grants ig
limited to $2.4 million).

4, Authorized to make grants-in-aid to public and private agencies and insti-
tutions and to individuals for the conduct of research or training projects and
for demonstrations, and to contract for such activities,

o. Authorized to establish and maintain research fellowships,

6. Authorized to provide technical training to personnel of public agencies
and other qualified persons.

7. Authorized to provide technical assistance to any State water pollution
control agency or interstate agency, community, or industrial plant.

8. Directed to develop comprehensive river basin programs for the preven-
tion and control of water pollution, in cooperation with the other Federal
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agencies, State and interstate water pollution control agencies, municipalities
and industries involved.

9. Directed to determine the need and value of storage in any Federal reser-
voir for flow regulation for the purpose of water quality control, and make
recommendations thereto.

10. Directed to institute Federal enforcement action for the control of pol-
lution of interstate or navigable waters endangering the health or welfare
of any persons whehever requested by the Governor of any State or a State
water pollution control agency, or (with the concurrence of the Governor
and the State agency) the governing body of any municipality; or when he
has reason to believe that pollution originating in one State is endangering the
health or welfare of persons in another State.

11, Directed to conduct a broad program of research, experiments, investi-
gations, demonstrations and studies relating to the causes and control of water
pollution ; and specifically to develop and demonstirate: (a) Practicable means
of removing the maximum possible amounts of pollutants from sewage and
other waterborne wastes; (b) improved methods and procedures for identifying
and measuring the effects of pollutants on water uses; and (¢) methods and
procedures for evaluating the effects on water quality and uses of augmented
streamflows to control water pollution not susceptible to other means of abate-
ment ($5 million annually up to an aggregate of $25 million authorized for
these three areas of research).

12. Directed to collect and disseminate basic data on chemical, physical,
and biological water quality and other information relating to water pollution
prevention and control.

13. Directed to establish, equip, and maintain fleld laboratory and research
facilities, including but not limited to locations in the Northeast, Middle At-
lantic, Southeast, Midwest, Southwest, Pacific Northwest, and Alaska, for the
conduct of research, investigations, experiments, fleld demonstrations and
studies, and training relating to pollution control.

14. Directed to conduct research and technical development work and studies
with respect to present and future water quality on the Great Lakes and means
of solving water pollution problems,

Further, the Act authorizes the establishment of a Water Pollution
Control Advisory Board appointed by the President to advise, consult
with, and make recommendations to the Secretary on matters of
policy relating to his activities and functions under the Act; and a
cooperative program to control pollution from Federal installations.

ADDITIONAL RESPONSIBILITIES

In addition to its legislated programs, the Department has addi-
tional responsibilities of providing specialized technical services to
other Federal agencies relating to water supply and pollution control.
These stem from the Department’s membership on the Interagency
Committee on Water Resources and on U.S. Study Commissions, its
agreements with other Federal agencies, services required by Inter-
- national Commissions, and special needs of States and regional juris-
dictions. Also, by agreement with the Department of the Army, the
Department is required to make determinations of the needs for mu-
nicipal and industrial water supply storage, and the value thereof.
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RESOURCES NEEDED TO SOLVE THE NATIONAL PROBLEM

The national water pollution problem is seriously complicated by
the very large backlog of needed waste treatment works; the unsolved
problems left over from the past ; the development of new and highly
complex problems at a rate much faster than our ability to deal with
them; the inadequate numbers and diversity of skills available in this
field, and the competition in recruiting and maintaining them; and
inadequate support to obtain the resources required to catch up and
keep up with the national problem.

MaxeowER NEEDS

A major resource need is adequate manpower at all levels of pollu-
tion control responsibility. Manpower needs are threefold: (1) The
sheer number of persons required; (2) a wide diversity of skills not
previously required; and (3) the need for graduate level training
among these persons. No real problems are foreseen in competing for
subprofessional personnel ; the difficulty lies in training, obtaining and
maintaining the numbers of professional persons in the various dis-
ciplines that are needed.

Based on a study of graduate needs by Herbert Bosch, Professor of
Public Health Engineering, University of Minnesota, and other esti-
mates of graduate and undergraduate professional personnel needs by
1970, the following projections of national manpower requirements
for water supply and pollution control are made, including those of
Federal, State, and interstate agencies, local government units, uni-
versities, and industry :

Trained Personnel Needs in Water Supply and Pollution Control, 1961-701

Period Enginsers Bclentists Total
Graduate trained
35 200 500 700
L S 800 1,200 1,700
196506 . 800 2,000 2,800
108788 e 1,200 3,000 4,200
19B0-T0u e - e 1,600 4,000 5,600
Cumulative total . - ... e 4, 300 10, 700 15, 000
Undergraduate trained
L) B R EGRREEE LR PE T PE P 100 20 340
e 7 SRR EARRLTEETEELLEE 200 475 o
19B5-88...o <o eemnono e neem oo nono oo 300 760 1,080
106788 . oo cawemmommommomaceoeesmmemeean. 475 L225 1,00
100970 coe o e e 625 1,600 2,298
Cumuiative $otal om. . .o 1,700 4,300 6, 000
1070 Needs t0tal. camem e em e e mee e 6,000 15,000 2, 000

1 Takes into ascount losses of personnel dus to deatls, retirsment, sad trausfers 10 other Selds. ‘
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These projections show that in the 1961-70 period we will need an
additional total of 6,000 engineers and 15,000 scientists (in this sense
includes lawyers, political scientists, economists, and other specialized
professions), two-thirds of which have graduate training. This is
a very substantial increase over the estimated presently employed
2,000 engineers and 2,000 scientists, The current rate of recruitment
for these professions in water supply and pollution control is about
10 percent of needs.

FepeErar, WATER SvuppLy anDp Porrurion ConTrROn, ProGRAM NEEDS

The Federal program needs for manpower and budget were the
subject of a detailed study early in 1961 by the Presidentially ap-
pointed Water Pollution Control Advisory Board. Various projec-
tions were made based on the total responsibilities assigned by Public
Law 660, and on legislation then pending (later enacted) in Congress;
also additional water resources responsibilities to other Federal agen-
cies, including interdepartmental agreements. Long-range plans to
meet these responsibilities had been made which showed a need for
a fairly rapid buildup of programs to 1966, after which needs would
begin to level off in sustaining a full-scale program.

The fiscal year 1962 budget contains $80 million for construction
grants, $8.77 million for operating grants, and $11.5 million for direct
Federal activities; it authorizes personnel numbering 969. The study
of Federal program needs showed for fiscal year 1965 manpower re-
quirements of 2,220 persons and budget needs of $100 million for
construction grants, $22 million for operating grants, and $30 million
for direct Federal activities. For fiscal year 1970 manpower needs
will be 2,700 persons, construction grants of $100 million (if author-
ized), $36 million for operating grants, and $39 million for direct
Federal activities. About half the manpower needs will be for engi-
neering and scientist personnel and the remainder for administrative,
clerical and maintenance personnel. The Advisory Board accepted
the above estimates as ‘“‘conservative and realistic, and in line with
expanding program needs.”

Facrrries NEEDS

‘Water quality management requirements are becoming increasingly
scientific and precise, and a fundamental need is adequate facilities in
which the intelligence needed for decisions can be produced.

States: The individual States have a need to considerably expand
their programs in basic data collection, enforcement, field surveys
and investigations, cooperative river basin planning with other agen-
cies; developmental research, and technical assistance to communities
and industries; also, to participate fully in comprehensive river basin
planning. All of these activities require substantial laboratory sup-
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port for which adequate facilities, fully equipped and staffed, must
be provided.

Federal: The Federal program is basically a field program and in-
cludes responsibilities for research, basic data collection, enforcement,
technical assistance, development of comprehensive river basin pro-
grams, training and administration of grant programs—construc-
tion, State program, research, training, and demonstration. To ef-
fectively discharge Federal responsibilities the program requires
considerable expansion and there is a pressing need for both central
facilities and regional facilities.

Central facilities: In the Federal program there is need for ade-
quate facilities to accomplish the following purposes:

1. Housing the Headquarters staff that is responsible for program policy,
planning, and direction and budgeting; central administrative and personnel
services; liaison with higher echelons in the Department; cooperation with
other Federal agency headquarters; and communication with Members of the
Congress.

2. House the staff responsible for the basic Federal water supply and pollu-
tion control research program; for the direction of Federal field research pro-
grams; liaison with the research programs of universities, industry, States,
and others; and coordination with other Public Health Service Divisions in
the environmental health aspects of water pollution, The nature of these
responsibilities is such that it would not be necessary for this staff to be housed

in the same facility as the Headquarters staff but should be readily accessible
to it.

Regional facilities: The 1961 Amendments to the Federal Water
Pollution Control Act recognized the need for field laboratory and
research facilities to support field programs in the various regions
of the country. These regional facilities are required for the following
specific purposes:

1. Laboratory support of a detailed and diversified nature for the extensive
fleld programs in comprehensive program development, basic data, enforce-
ment, and technical assistance,

2. Research, basic and developmental, on water supply and pollution control
problems peculiar to the individual regions.

8. Technical training of qualified personnel from State and interstate agen-
cies, municipalities and industries, including demonstrations, seminars and
conferences.

4, Coordination of Federal water supply and pollution control programs with
the water resources development programs of other Federal agencies, the State
programs, and university research and training activities,

These facilities should be strategically located on the basis of care-
fully developed criteria and the Subcommittee’s recommendations are
appended.

MEASURES NECESSARY TO PROVIDE REQUIRED MANPOWER

Research and administrative programs in water supply and pol-
lution control require the skills of many disciplines, including not
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only sanitary engineers, but specialists such as chemists, physicists,
biologists, and many others. The critical shortage of qualified en-
gineers and scientists creates the need for support of the graduate
training potential of university departments which have competence
in the water supply and pollution control field.

The major share of funds to support these research and training
programs must come from the Federal Government and the States.
Industry, which has considerable manpower needs in water supply
and pollution control needs to contribute also. The Federal Water
Pollution Control Act authorizes the Secretary of Health, Education,
and Welfare to make grants-in-aid to public or private agencies, insti-
tutions, and to individuals, for research or training projects and for
demonstrations. These several types of support are described below,
and all need to be fully implemented as rapidly as orderly expansion
permits.

Manpower for research: Research grants are awarded to institu-
tions and individuals to support the study of basic and applied investi-
gations in problems of water supply and pollution control. These
grants apply the talents of engineers and scientists to research related
to water quality problems, stimulate investigations throughout the
country, and add to the specialized knowledge needed in this field.

Demonstration grants: Demonstration grants are awarded to public
and private institutions and agencies to support field investigations
and studies of an applied nature, and to demonstrate the feasibility
of new methods. These grants are intended to evaluate the applica-
tion of new research findings and to expedite incorporation of new
knowledge into routine water supply and pollution control prac-
tice. Grants of this type are particularly applicable to utilizing the
resources and competencies of State water pollution control agencies,
water resources agencies, and conservation organizations.

Health research facilities grants: Health research facilities grants
are awarded to assist universities and other institutions to construct
and equip additional research facilities as & means of insuring ade-
quate laboratory space and equipment to conduct research.

Manpower for training: Research fellowships are awarded to
broaden the base of manpower, competent in the application of various
disciplines to research needed in water supply and pollution control.
These fellowships assist outstanding graduate scientists and engineers
to carry on independent research.

Research training grants: Research training grants are awarded to
institutions to establish or expand graduate research training in water
supply and pollution control by providing funds to defray institution
expenses for research training activities and to support graduate
students participating in the program.
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Project training grants: Project training grants are awarded to
institutions to establish or expand graduate training In water supply
and pollution control. These grants support new and expanded train-
ing programs in a variety of departments, encourage multidiscipline
teaching concepts, and expand and improve faculties.

T'raineeships: Traineeships are awarded to increase the number of
service and administrative personnel and to bring new people into
the field through training opportunities afforded.

PHS inservice training : Inservice training support provides for the
postgraduate training of professional PHS staff members to fill gaps
in earlier training or broaden their competency in environmental
sciences,

Future utilization of grant support: Measures necessary to provide
the required manpower for problems of water supply and pollution
control through the research and training grants support would
include:

1. Stimulation of interest of engineers and scientists by disseminating informa-
tion about the technical and research opportunities in this field so that these
will be recognized, particularly by those who might be recruited into the fleld.

2, Provide opportunities for summer employment to stimulate the interest of
high school and undergraduate students.

3. Implement, expand, improve, and extend research and training grant pro-

grams; specifically, the several public health service programs in the fleld of
water supply and pollution control.
The future effectiveness of training programs will require close inte-
gration of the concepts and skills of the physical and biological sci-
ences with engineering. The logical way to achieve this goal is to
encourage the development of schools that assemble these varied
disciplines in a united faculty, and that combine the training of scien-
tists and engineers related to problems of water supply and pollution
control.

DISTRIBUTION OF NATIONAL EFFORT: FEDERAL, STATE, LOCAL,
INDUSTRIAL, UNIVERSITY

REsrONSIBILITY

The national scope of the water supply and pollution control prob-
lem generates the need for action at all levels, resulting in a five-way
sharing of responsibility. In broad terms, these responsibilities are
defined as follows:

The State has primary responsibility for water pollution control. It gets the
standards in its jurisdiction, and applies its laws and regulations, including
intrastate enforcement. It conducts surveys and investigations, collects ang

analyzes data, provides technical assistance to local governments and industry,
{ncluding training, and does development research.
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Local Governmenis construct and operate municipal sewage treatment works,
conduct surveys, provide technical assistance and consultation to industries,
and enforce their regulations and ordinances,

Universities are responsible for conducting research and for training engineer-
waste reductions, and construct and operate waste treatment works if separate
from municipalities. Industries make alterations in the plant or adopt new
processes to reduce or eliminate pollutants. They conduct research to develop
or improve waste treatment processes, and to reduce waste production.

Universities are responsible for conducting research and for training engineer-
ing and scientific manpower needed by the other jurisdictions. They also provide
technical services and consultation.

The Federal Government? supplements and supports programs of the other
four. It conducts research and investigations, collects and analyzes data on a
nationwide basis, and provides technical assistance to State and locgl govern-
ments and Industries, including training. It develops comprehensive water
supply and pollution control programs and coordinates these with the States
and with the water resources programs of other Federal agencies. It carries
out the enforcement provisions of the Federal Water Pollution Control Act. It
provides grants for State program development and incentives to municipalities
for construction of sewage treatment works, and for research, demonstrations,
and training,

Di1sTRIBUTION OF E¥rForT BY MANPOWER NEEDS

The distribution of effort in the national program can be demon-
strated by manpower needs in 1970. Based on the previous projection
of these needs, the distribution of manpower effort would be as follows:

Distribution of National Effor: Based on Manpower Needs by 1970

Enginecrs Bclentists Total

BRteS b meccaeenan 2, 300 2,300 4, 600

Municipalltles ¥ e 2, 800 2, 800 5, 600

Industrles b e i amen 3,000 3,000 6, 000

Unlversitles 4. . e 300 700 1,000

Federal b ieneciciciacamcatsemmacce e ———- 1,000 3,000 4, 000

Motal e ceictcceccrcccemam———— 9, 400 11, 800 21, 200

1 Bn‘d on average of 1 enginesr and 1 sclentist per ¢ Pased on 1059 faculty, student output, and manpower
109 19 70 pop lati of ﬂao mlluon projections,

Based on average o "] tist poer 3 Based on present stafl members In other Federl age
50,000 urban Donuh.ﬂon. 1970 urbnn popul;t.lon of 143 cies and on apecific study of Division of Wlhrsunply lnd
ml}llon. Pollution Cont.ml needs by the Water Pollution Advisory

Based on ontimate that 1 outof 3 wet processindustries Board in 1661

having separste discharge will be of a size and nature to
require an average of 1 engineer and 1 chemist,

The above table would indicate the operations efforts should be fairly
well divided among the State agencies, municipalities, industries, and
Federal agencies. The kinds and scope of operations will differ in
accord with the individual primary responsibilities of these groups.

DiIsTRIBUTION OF NATIONAL EFrFoRT BY EXPENDITURES

From a budgetary standpoint, the distribution of effort for pollu-
tion control will be quite different. Municipalities, in addition to
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supporting personnel, will be constructing, operating, and maintaining
sewage treatment facilities. With needs indicating an annual expendi-
ture of $600 million per year for sewage treatment plant construction,
and their operating and maintenance costs estimated to be at least
$215 million in 1970, municipalities will probably need to be spending
close to $1 billion annually by 1970 for the pollution control measures
for which they are responsible,

The next largest expenditure for pollution control will need to be
made by industry. Its construction needs are less well known than
municipal but believed to be about equal in dollars when inplant
changes are included. Its operation and maintenance costs will be
lower because of the fewer number of individual plants involved, and
because a number of industries will be able to make part-time use of
regular plant employees. On the other hand, industry’s annual ex-
penditures for pollution control by 1970 may well be in the area of
$750 million.

The Federal operating grant programs account for the major share
of the Federal water pollution control budget effort. It has been
estimated that these programs will need support amounting to more
than $31 million in 1970. Direct operations needs by 1970 have been
estimated to be at least $39 million. Should the State program and
construction grant program be continued at present levels through
1970, this will require another $105 million. For the programs under
the Federal Water Pollution Control Act, then, 1970 budget support
should be in the $175 million range annually. The related programs
in other Federal agencies (e.g., Saline Water Conversion, U.S. Geolog-
ical Survey) will substantially increase this total.

The States at present appropriate a total of about $7 million an-
nually for pollution control activities. To meet needs by 1970, it is
estimated that States will have to more than triple present appropria-
tions to the $25-$30 million range. Should more of the States enact
legislation providing financial incentives for waste treatment works
construction, their appropriations will be substantially higher.

Not enough water supply data are immediately available on which
to base estimates on distribution or expenditures. There are data
which show that water supply needs approach the magnitude of sew-
erage and sewage treatment needs, and the distribution of expenditures
among the regulatory agencies, municipalities, and industry is propor-
tionately the same for each activity.

RECOMMENDED OBJECTIVES FOR THE FEDERAL WATER SUPPLY AND
POLLUTION CONTROL PROGRAM

The Federal Water Pollution Control Act, as amended, assigns to
the Secretary of Health, Education, and Welfare broad responsibili-
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ties in leadership and program to be carried out in cooperation with
Federal, State, and local agencies, and with organizations and indi-
viduals having responsibilities and interests in water resources.

The national program objective is the conservation of water quality
and quantity to assume continuously an adequate supply of water
suitable in quality for public and industrial water supplies, propaga-
tion of fish and aquatic life and wildlife, recreation, agriculture, and
other legitimate uses.

Specific program goals for each of the legislated activities in the
act have been developed and these are described in a Supplement
following this report.



Supplement
WATER SUPPLY AND POLLUTION CONTROL PROGRAM GOALS

1. Recommended (riteria for the Selection of Sites for Federal Re-
gional Water Pollution Control Iield Laboratory and Research
Facilities

A UTHORIZATION

Public Law 87-88, approved July 20, 1961, provides that the Secre-
tary shall establish, equip, and maintain field laboratory and research
facilities including, but not limited to, one to be located in the north-
eastern area of the United States, one in the Middle Atlantic area, one
in the southeastern area, one in the midwestern area, one in the south-
western area, one in the Pacific Northwest, and one in the State of
Alaska, for the conduct of research, investigations, experiments, field
demonstrations and studies, and training relating to the prevention
and control of water pollution. Insofar as practicable, each such
facility shall be located near institutions of higher learning in which
graduate training in such research might be carried out.

Funcrions

Each facility must provide the laboratory and technical support to
the field programs, required in carrying out the following depart-
mental responsibilities under the Federal Water Pollution Control
Act:

1, Developing comprehensive programs for control of pollution of interstate
waters.

2. Providing technical assistance on specific problems, in response to and in
support of the needs of State and interstate water pollution control agencies.

8. Determining the need for and value of including storage for regulation of
streamflow for water quality control, in the survey or planning of any reservoir
by the Corps of Engineers or other Federal agency.

4. Conducting research, investigations, experiments, demonstrations, and other
studies, within the Department relating to the causes, control, and prevention of
water pollution.

5. Training personnel of public agencies and other sultably qualified persons
in technical matters relating to the causes, prevention, and control of water
pollution.

8. Collecting, evaluating, and disseminating basic data on water quality and
other aspects related to the existence, prevention, and control of water pollution.

7. Bnforcing measures for the abatement of pollution of interstate or navigable
waters.

8. Bncouraging and facilitating cooperation by all Federal agencles with
State and interstate agencles in preventing or controlling the discharge of pollu-
tion from Federa! installations.
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In addition, the Department has responsibilities for providing tech-
nical assistance on matters relating to water supply and water pollu-
tion to the Interagency Committee on Water Resources, with its five
field committees, the International Joint Commission, and the U.S.
Study Commission, current and future. The Department is also
responsible, under agreement with the U.S. Army Corps of Engineers
(signed November 4, 1958), for determining the need for and value of
including storage for municipal and industrial water supply purposes
in the planning of any reservoir by the corps. A large portion of this
technical assistance requires laboratory services.

Stre CONSIDERATIONS
In order to serve these functions, the site should meet as many as
possible of the following requirements:

1. Prowimity to universitics, inastitules, and other operating research instatla-
tions covering o broad spectrum of scientific disciplines and activities. This
requirement is contained in the act, Relatively close proximity to such installa-
tions will provide important opportunities and sclentifie resources for cooperative
programs in research, technical services, and graduate training. They are
important as sources of personnel, as well as for providing the “scientific com-
munity” which will prove stimulating to the staff. The institutions should be
strong in the flelds which support engineering, sciences, and medicine. Good
computer laboratory facilities are another asset.

2. Proovimity to major regional water resources problems. Because water-
courses do not limit themselves to political boundaries, and each major dralnage
area has its own characteristics insofar as regional problems are concerned,
water resources should be dealt with on a river basin basis. Therefore, each
water pollution control laboratory should be centrally located, insofar as prac-
ticable, with respect to both the water resources area it must serve and to the
prineipal problem areas.

8. Availability of tramsporialion facilities. Good transportation facilities
must be available in order that the installations may (e¢) adequately serve and
support the Department’s programs in comprehensive planning, basic data,
enforcement, research, and others; (b) facilitate coordination with water re-
sources program of Federal, interstate, State, and other agencies; (¢) provide
the technical services and assiatance to the Federal and State agencles; and (d)
pring about close coordination wiith the maximum number of universities.
Good trapnsportation assures prompt transfer of personnel and samples from
and to all points within the area served, as well as ready accessibility to cooperat-
ing agencies.

4. Special library faoilitics sullable for sclentific and technical research needs.
Good library facilities are necessary and should include broad coverage in engt-
neering, physical sclences, biclogical sciences, and economiecs,

5. Availability of needed technical and nontechnical personnel of the required
guantity end quality. The municipality in which the facility is located will be
an important source of needed manpower. While the key staff may initially be
drawn from other Department actlvities or sources elsewhere, much of the
pnontechnical staff required for continuing and day-to-day operations must be
recrulted locally.

8. Public utilkties, including communications, power, water supply, and wasle
disposal. These are necessary for the proper operation of the laboratory facllity
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and of the various experimental, demonstration, and research projects which
must be conducted at these installations.

1. Proximity to Federal, State, and other agencies having rclated respongi-
bilities in water resources development. The Federal agencies having major
related responsibilities in water resources development include the Department
of Defense (Corps of Engineers) ; Department of the Interior (Geological Sur-
vey, Bureau of Reclamation, Fish and Wildlife Service, and National Park
Service) ; Department of Agriculture (Soil Conservation Service, Agricultural
Research Service); Department of Commerce (Census Bureau, Weather
Bureau) ; and Federal Power Commission.

State and other agencies having related responsibilities are generally located
in the capital city or the largest city, and frequently in or near the field head-
quarters cities of the Federal agencies cited above.

Proximity to as many of these as possible is essential to assure maximum
coordination of the Department's responsibilities with those of other agencies
concerned with water resources programs.

8. The Community: social, cultural, and general living conditions. Attractive
community facilitles are very important in the recruitment and retention of
personnel. Factors to be considered Include a good school system, housing to
accommodate several economic levels, recreational and religious facilitles, and
general attractiveness of the area.

2. Recommended Objectives for the Federal Water Supply and
Pollution Control Program

NatioNan Proaram OpsecTiveE: ConNgERvATION OF WATER QuUAaLiTy
AND QUANTITY

To assure continuously an adequate supply of water suitable in
quality for public and industrial water supplies, propagation of fish
and aquatic life and wildlife, recreation, agricuiture, and other legiti-
mate uses.

The act assigns to the Secretary of Health, Education, and Welfare
broad responsibilities in leadership and program to be carried out in
cooperation with Federal, State, and local agencies, and with organi-
zations and individuals having responsibilities and interests in water
resources.

The area of effort should include—

@. Development of comprehensive programs for all drainage basins of the
country; Federal enforcement; basic data collection, evaluation, and dissem-
ination ; direct research: research fellowships, grants, and contracts for research
or training projects and for demonstrations; administration of construction
grants to municipalities and program grants to State and interstate agencies;
technical assistance to other Federal agencies, State and interstate agencles,
municipalitles and industries; training and information.

b. Cooperation to the maximum extent with other Federal agencles and with
State agencies in the best development of the Nation’s water resources.

o. Encouragement and support of State, interstate, and local agencies in
improving and maintaining water supply and pollution control programs ade-
quate to meet their responsibilities and commensurate with the problems,
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QOnarerve por Direcrep Research

‘To conduct research and to contract for research by others designed
te improve processes for purifying water to remove from water or
render harmless, sewage, industrial waste, and other contaminants,
and to extend knowledge of the physieal, chemical, and biological
chinraeterstics of substances found in water and their effects on human
heatth,

T'he aren of effort should include—

a. Bacterial, virus, fungus. adaption. epideminlogical and toxicological studies
designed to solve problems relating to long-term toxicity of water lmpurities,
epidemiological significance of water contaminants, the adaption of organisms
to degrade wastes, and the role of water in the trausmlssion of viral diseases.

b. I'rojects in Industrial waste, their interference and persistence, aund par-
ticularly organic contaminants and petrochemicnl waste processes.

¢. Research in water conservation, water quality criteria, suspended solids
and colloid separation and interference organisms.

d. luvestigntions of advanced waste treatment methods including the tech-
nological practicability and economic feasibility of processes involving absorp-
tion, extraction. freezing, hydration, oxidation, and membrane procedures.

e. The use of research contract to bring into the direct research effort those
highly specinlized skills, equipment, and facilities not available in the Federal
program or which cannot be justified on a full-time basis; and to facilitate those
phases of research projects which can be more economically and quickly per-
formed by others.

OBJECTIVE FOR RESEARCII GRANTS

To support research by others in a wide variety of basic and applied
problems of water supply and pollution control, to develop a nation-
wide interest among many scientific disciplines in conducting studies
of this nature, and to encourage investigators to undertake research
in neglected areas.

The area of effort should include—

a. Detection, determination. and evaluation of all types of hazards involved
in the use and consumption of water.

b. Water supplementation and management by various means, such as: ground
water recharge, suppression of evaporation, low-flow augmnentation, reduction
of waste materials at source, improved water, sewage and waste treatwent
processes, and byproduct discovery and recovery.

¢. Fundamentals of chemistry, physics, biology used or usefu! in a better
understanding and utilization of natural and induced water phenomena.

d. Water and wastes engineering applications of mathematical models and
systems analysis and technlques.

e. Soclological and economical aspects of water supply and pollution.

. Ecaology of aquatic organisms related to water resources, treatment, dis-
tribution, and pollution.

g. Fish and wildlife as affected hy water quality.

h. Lake, river, estuarine, and ocean waters in relation to man’s health, com-
fort, and welfare.
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Osnscerive ror ResEarct Frerrowsiirs

To complement the research grants and direct research operation
programs by the award of research fellowships to support outstand-
ing graduate scientists and engineers in the conduct of independent
research needed for water supply and pollution control.

The area of effort should include—

a. All scientific and engineering disciplines related to water supply and pollu-
tion control research.

b. Support of predoctoral, postdoctoral, and special research fellowships,

c. Award of research fellowships for study at appropriate institutions chosen
by applicants,

OrJecTiveE FOR TrainiNg GRANTS

To award training grants to institutions to support the develop-
ment and expansion of teaching programs at an advanced level for
training research and administrative manpower required in the opera-
tion of water supply and pollution control programs.

The area of effort should include—

a. Support of staff, facilities, and students at an advanced level for training
in publie and private institutions.

b. Angmenting competence of lnstitutions and departments to provide training
in needed ureas.

c. Establishing specialized and multidiseipline training facilities for scien-
tists, engineers, and administrators in water supply and pollution control.

OpJecTiVE FOR DeEMoNsTRATION GraNTs AND CONTRACTS

To award demonstration grants and contracts to public and private
agencies to support field investigations and studies of an applied or
developmental nature. These awards provide the necessary step be-
tween the completion of research investigations and the direct appli-
cation of results to use, and thus broaden the water pollution control
effort.

The area of effort should include—

a. Demonstration of the feasibility of new methods of water pollution control,

b. Development of field studies or multidiscipline approaches to the solution
of pralilems.

¢. Stimulating the application of data, skills, and facilities of organizations
not otherwise available.

OBJECTIVE FOR TRAINEESIIPS

To provide individual stipend awards directly to qualified scien-
tists in order that they may undergo advanced, specialized training
in one of the fields relating to water supply and pollution control.

The area of effort should include—

a. Advanced training for the development of highly competent administrative
personnel in Federal, State, interstate, and local water pollution control agencies.

b. Expansion of individual competence In the multidiscipline approach toward
problems in this general area.



Water Supply and Pollution Control 259

¢. Development of research and administrative effectiveness In newly develop-
Ing applications of knowledge In the golution of problems relating to water
supply and pollution control,

Ossecrive ror CoMPREHFENSIVE ProcraMs
To develop and maintain comprehensive water pollution control
programs for the major drainage basins of the Nation and their

tributaries,
The area of effort should include—

a. Detailed demographie, economic, hydrologle, and engineering studfes of

the Nation’s river basins,
b. Determination of present and future water requirements of the river

basins, in terms of quantity and quality.
¢. Determination of present and future pollution loads of each dralnage basin

und the rewmedial measures required to maintaln water quality commensurate

with the needs.
d. Integration of eomprehensive water supply and pollution control program

with all other water resource development,

Osrerive For TECHINICAL ASSISTANCE

To provide technical services to overcome unusual problems that
delay implementation of State and interstate water supply and pol-
lution control programs; to render technical assistance in the water
supply and pollution control aspects of Federal water resource de-
velopments; and to assist municipalities, industries, and individuals
on difficult problems when they cannot sustain the necessary staff and

facilities.
The area of effort should include—

a. The necessary budgetary, administrative, and consultative services re-
quired in support of fleld staffa providing technical assistance.

b. Assignment of headquarters personnel to technleal assistance projects
requiring specinl competencies not avallable in the fleld, such as adminfstrative,

legislative, and economics,
o. In cooperation with the Research Branch, the assignment of personnel

having highly specinllzed scientific and engineering talents not avallable in
reglonal offices.
OBJECTIVE FOR ProTECTION oF WATER QUaniTy Turoven ENrorce-
MENT ACTIVITIES

To establish and maintain the quality of the Nation’s waters at a
level that will insure human health and welfare by assisting and
encouraging States to enforce their laws and to invoke Federal action
when necessary.

The area of effort should include—

a. Support of State enforcement activities at thefr request by providing con-

sultation and technical services.
b. The malntenance of up-to-date files on all waters under Federal enforcement

jurisdiction and the evaluation of possible detrimental effects to water users
in those areas.
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¢. Preenforcement surveys of possible problem water areas, and where needed,
informal discussions with States of remedial actions necessary.

d. Institution of Federal enforcement proceedings consisting of a conference
of State and interstate agencies concerned a public hearing for the purpose of
making a finding of interstate pollution and, when necessary, Federal court
action to abate the pollution each step taken if the previous one fails.

e. I'ast action surveillance tn determine whether or not progress in the pol-
lution abatement is in accord with the enforcement action taken.

Opsective For Basic Data CoLLEcTION AND DISSEMINATION

To collect, analyze, and disseminate the necessary data to detail the
causes and effects of water pollution on water quality and use, and to
develop the intelligence upon which successful control and prevention
programs can be based.

The area of effort should include—

a. The collection, analyzation, and dissemination of data regarding municipal,
industrial, and Federal waste disposal facilities, contract awards for water
and sewage works, municipal bond sales for water and sewage, municipal water
facilities, and pollution-caused fishkills.

b. Information on long-term water quality trends through the operation of
th National Water Quality Network, scheduled to consist of 300 sampling
stations,

¢. Special related studies that obtaln data on the effects of pollution on water
quality ; the present and future required uses of the affected waters; the re-
medial measures needed to accommodate the water uses; the kinds, costs, and
efficlencies of the remedial measures; and the costs and benefits of pollution
and its control.

OBJECTIVE FOR INCREASED MUNICIPAL
Waste TREATMENT CONSTRUCTION

To stimulate municipal treatment construction to a level com-
mensurate with existing and future needs, including Federal grants-
in-aid.

The area of effort should include—

a. Program policy and guidance for fleld staffs administering grants-in-aid
to municipalities to assist in the construction of sewage treatment plants; review
and decision making on matters that cannot be reconciled in the fleld.

b. Collection and evaluation needed on construction costs data.

¢. In cooperation with State regulatory agencles, the determination of sew-
age treatment construction needs and progress.

OpJecTIVE FOR UNIFORM STATE LEGISLATION AND INTERSTATE
COOPERATION

To promote interstate cooperation in water pollution control through
interstate compacts and enactment of uniform State legislation.
The area of effort should include—

a. The preparation of digests of State water pollution control laws and an
analysis of the legislative situation.
b. The revision of the existing suggested State water pollution control act.
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¢. The provision of technical assistance and a legislative reference service
relative to pollution control legislation and compacts.
d. Encouragement of informal Interstate collaboration on specific problems.

OBJECTIVE FOR STRENGTHENING STATE PROGRAMS

To strengthen State water supply and pollution control programs
to enable them to meet adequately their responsibilities, including
grants-in-aid.

The area of effort should include—

a@. Administering grants-in-aid to State and interstate agencies to assist
them {n establishing and maintaining adequate water pollution control programs,

b. Review and approval of State water pollution control plans as required
by the Federal Water Pollution Control Act.

c. All areas of effort involved in other program goals pertain also to the
goal of strengthening State programs.

(BJECTIVE OF INFORMATION AND EDUCATION

To fully inform the lay public and to quickly disseminate to the
scientific and administrative personnel concerned, all publications,
research results, investigation reports, basic data, and other material
pertinent to water pollution, its prevention and control.

The area of effort should include—

a. Stimulating the interests of national organizations and providing them
with the kinds of information and assistance they require in supporting water
pollution control, including articles for journals, exhiblts and films for meet-
ings, and instruction kits and Government publications for distribution.

b. Publishing at regular Intervals baslc data, summaries of pollution control
programs, reports on research, scientific and administrative progress and other
appropriate information.

¢. Support of regional and other fleld personnel with information, visual
alds, and publications for use In working with any persons or groups requesting
their ald.

d. Obtaining wide publicity through the various news media on the water
supply and pollution control situation.
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Building, Topeka Aveune at 10th, To-
peka, Kans,

MoreaN, RusseLL, Dn.* Professor of Radlology, Johns Hopkins
University Medical School, Baltimore,
Md.

1t Water Pollutlon Control Advisory Board Member, August 7, 1988-June 80, 1961.
2 Surgeon General’'s Advisory Committee on Occupntional Health Member,

s Nationn] Advisory Committee on Community Alr Pollution Member,

4 Natlonal Advisory Committee on Radiation Member.
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Mrag, E. M., Dr.

S1LvERMAN, LESLIE, D=,

WeckeL, K. G., D=r.

Chancellor, Department of Food Technol-
ogy, University of California, Davis,
Calif,

Science Director, School of Public Health,
Department of Industrial IIvgiene,
Barvard University, Boston 15, Mass.

Professor of Dairy and Food Industries,
College of Agricnlture, University of
Wisconsin, Madison, Wis.

HouLisTtER, HaL, M.

Hvpe, RoperT T., MR,

Chief, Radiologicul Health System Anal-
ysis, Division of Radlological Health,
PPublic [enlth Service.

Executive Secretary, Committee on En-
vironmental Heanlth Problems,

Chief, Scientific Publications, The Robert
A. Taft Sanitary Engineering Center,
Public Henlth Service.

Final Report Editor, Committee on En-
vironmental Heualth Problems.



B. SUBCOMMITTEE MEMBERSHIPS

MANPOWER RESOURCES AND TRAINING

APPLIED MATHEMATICS AND STATISTICS

PHARMACOLOGY TOXICOLOGY, PHYSIOLOGY ARD
BIOCHEMISTRY

ANALYTICAL METHODS AND INSTRUMENTATION

Arr POLLUTION

ENVIRONMENTAL ENGINEERING

Mg AxD Foop

OCCOUPATIONAL HEALTH

RADIOLOGICAY, HEALTH

WATER SUPPLY AND PorLLuTION CONTROL

Dr. Handler (Chairman)
Dr. Morgan

Dr. Silverman (Chairman)
Dr. Dambach

Dr. Ahlberg

Dr. G. Anderson

Dr. Logan

Dr. DuBois (Chairman)
Dr. Handler

Dr. Mrak

Dr. Hatch

Mr. Gordon

Dr. Chambers (Chairman)
Dr. Goldblith

Dr. Merrill

Mr. Metzler

Dr. Morgan

Dr. Merrill (Chairman)
Dr. Dambach

Dr. Logan (Chalrman)
Dr. Silverman

Dr. Ahlberg

Dr. Dack (Cochairman)
Dr. Goldblith (Chairman)
Dr. Mrak

Dr. Weckel

Dr. Hatch (Chairman)
Dr. DuBois

Dr, Handler

Dr. Morgan (Chairman)
Dr. Q. Anderson

Mr. Metzler (Chairman)
Dr. Chambers

Mr. Gordon

Dr. Dambach



C. CONSULTANTS TO SUBCOMMITTEES

APPLIED MATHEMATICS AND STATISTICS
Dr. Frank Murray: Professor of Mathematics, Mathematics Department,
Duke Unijversity, Durham, N.C,
Dr, Thomas F. Mancuso: Chief, Division of Industrial Hygiene, Ohio State
Health Department, Columbus, Ohio.
Dr. A, G. Qettinger: Computation Laboratory, Harvard University, Cam-
bridge, Mass,
Dr. Wilfrid Joseph Dixon: Professor of Preventive Medicine, University of
California Medical Center, Los Angeles 44, Calif.
Dr. Frank Corbato: Deputy Director, Computer Department, Massachu-
setts Institute of Technology, Cambridge, Mass.
ANALYTICAL METHODS AND INSTRUMENTATION
Dr. Arnold Beckman : President, Beckman Instrument Co., Fullerton, Calif.
AR POLLUTION
Dr. Eugene Gillia: Health Commissioner, Philadelphia Department of Pub-
lic Health, Philadelphia, Pa.
Mr. 8. Smith Griswold: Air Pollution Control Officer, Los Angeles County
Alr Pollution Control District.
Dr, Glenn R. Hilst: Vice President, Travelers Research Center, Inc.
Dr. H. F. Johnatone: Research Professor of Chemical Engineering, De-
partment of Chemistry and Chemical Engineering, University of Illinois.
Dr. Robert A. Kehoe: Professor of Industrial Medicine, Kettering Labora-
tory, University of Cincinnati,
Dr. John T. Middleton: Chairman, Department of Plant Pathology, Uni-
vergity of California.
Dr. Norton Nelson: Director, Institute of Industrial Medicine, New York
University.
Mr, Alexander Rihm, Jr.: Executive Director, Air Pollution Control Board,
New York State Department of Health.
Dr. Waldo L. Treuting: School of Public Health, University of Pittsburgh.
ENVIRONMENTAL ENGINEERING
Mr. Samuel Baxter: Commlssioner and Chief Engineer, Philadelphia Water
Department, Philadelphia, Pa,
Mr. Erick Mood : Director Burean of Environmental Sanitation, New Haven
Health Department, New Haven, Conn.
Mr. Paul Opperman: Executive Director, Northeast Ilinois Metropolitan
Area Planning Commission, Chicago, Il
Mr. Paul W. Purdom : Director, Division of Environmental Health, Depart-
ment of Public Health, Philadelphia, Pa.
Mr. Willlam A. Xanten: Superintendent, Division of Sanitation, District of
Columbia Government, Washington, D.C.
OCCUPATIONAL HEALTH
Dr. Clyde Berry: University of Towa,
Dr. Earl Irvin: Medical Director, Ford Motor Co.
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RADIOLOGICAL HEALTH
Dr, Charles L. Dunham: Director, Division of Blology and Medicine,
U.8. Atomic Energy Commission, Washington, D.C.
Dr. Donald R. Chadwick: Secretary, Federal Radiation Council YWashing-
ton, D.C.
‘WATER SUPPLY AND PoLrUTION CONTROL
Dr, Lewis Koenig: Physical Chemist Consultant, San Antonlo, Tex.

D. PUBLIC HEALTH SERVICE ORGANIZATION FOR ENVIRONMENTAL
HEALTH

The Environmental Health activities of the Public Health Service
are carried on principally through its Bureau of State Services. This
Bureau is responsible for two main types of activities: (1) Community
health services, having to do with the provision of health services for
the individual in & community; (2) environmental health. The en-
vironmental health activities are in turn carried out in five divisions:

1. Water Supply and Pollution Control
2. Environmental Engineering and Food Protection
3. Air Pollution
4. Occupational Health
5. Radiological Health



E. PRESIDENT’S SCIENCE ADVISORY COMMITTEE AD HOC PANEL ON
ENVIRONMENTAL HEALTH

An Ad Hoc Panel was convened on May 18, 1961, to consider the
Department of Health, Education, and Welfare proposal for an En-
vironmental Center at Rockville, Md. Members of the panel attend-
ing were:

Dr. Colin MacLeod, Chairman
Dr, Rolfe Eliassen
Dr. George Kistiakowsky
Dr. Robert Loeb

- Dr. Gerald McDonnel
Dr. Russell Morgan
Dr. Dickinson Richards
Dr. James H. Sterner
Dr. James Whittenberger
Dr. Abel Wolman
Dr. Herbert Bosch

The Panel heard briefings by representatives of Health, Education,
and Welfare on the scientific aspects of the proposed Center program,
the personnel requirements and a general discussion of the overall
program plans, including budget estimates for grants, contracts, and
fellowships for the next 5 years. Bureau of Budget representatives
discussed long-range significance of the proposed Center.

The Panel identified what appeared to be the major issues and
discussed each of the following:

1. Does the Public Ilealth Service require a new center for adminis-
trative and research activities in environmental health?

The consensus was that such a center is necessary, not only to house
its present activities, but also for future development. There was
agreement that activities at the Taft Center and associated laboratories
in Cincinnati plus those required by the rapid expansion proposed
for the next 5 years, cannot be accommodated without extensive addi-
tional construction. For a variety of reasons, Cincinnati is not con-
gidered a suitable location for expanded facilities. These include
inadequate land area at the present sites, difliculty in attracting sci-
entific and technical personnel, lack of strong academic institutions in
the area and physical separation from administrative branches of the
PHS and other departments of Government such as Interior, Agri-
culture, and Commerce,
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9. Should the new environmental health center be located in the
Washington area?

The Panel endorsed the plan to locate the regulatory, technical assist-
ance, and administrative functions of the program in the Washington
area, but had reservations as to the requirement for housing the major
Government research facilities of all phases of the proposed program
in a single Center.

The Washington Area has clear-cut advantages because of prox-
imity to administrative branches of PILS, the research activities of the
NIH, and the related programs of other departments of the Federal
Government. Further, it can be argued that administrative, control,
and enforcement activities will benefit from close proximity to labora-
tories conducting research on the technical problems. At the same time,
it is recognized that decentralization has been successful in the cases
of the Communicable Disease Center in Atlanta and the various
laboratories of the Atomic Energy Commission. The Panel was not
aware of a study to determine the feasibility of establishing decentral-
ized Federal Research Units either at existing Government labora-
tories or in association with universities, See paragraph 4 below.

3. What is a reasonable rate of growth for the proposed center
program?

It is clearly apparent that the chief problem in developing sound
scientific as well as control programs is the availability of competent
people in the various fields of science who can contribute to the solution
of problems of environmental health,

The Surgeon General’s Report to the Congress in 1960 and the testi-
mony of experts before the Appropriations Subcommittee of the House
in March 1960 emphasized the critical shortage of persons qualified for
research on problems of environmental health. In recognition of this
need the PHS established research training grants and “project” grants
in the fields of radiological health, industrial hygiene, etc. These
grants have had the immediate effect of increasing competition among
universities for competent faculty members as well as for the few
promising students entering the environmental health field. Undoubt-
edly, in the long run, these grants will enable universities to train more
highly qualified people, particularly when the importance and the
attractions of the field of environmental health become better recog-
nized. In the meanwhile, the best interests of the program will be
served by restricting expansion to limits set by the availability of
highly qualified people.

One of the difficulties besetting environmental health research is the
requirement of participation by many disciplines, including not only
medical scientists and engineers, but also a long list including chemists,
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physicists, ecologists, and many others. Past experience has shown
that, on the average, the less able graduates in the various disciplines
have been attracted to the environmental health field. After entering
the field, they may suffer by isolation from the main streams of advance
in the parent discipline. This factor is also relevant to a decision about
the wisdom of centralizing Federal research in a single facility in
Washington, since there are no strong academic institutions in the
community, with interests in environmental health,

For these reasons, the Panel believes that Government research
facilities should be developed on a selective basis to satisfy specific
needs. The proposed broad expansion appears too rapid for the supply
of qualified manpower. Implicit in this consideration is the necessity
for a clear delineation by the PHS of the substantive nature of the
research program to be carried out in the proposed Center, The Panel
is of the opinion that the program has not been given adequate con-
sideration and that this is 2 fundamental requirement for sound plan-
ning for the Center.

4. Need for evaluation of existing governmental laboratories that
can contribute to studies of environmental health.

Program planning of new facilities for the five major areas of re-
search proposed for the Center should include an evaluation of existing
Government laboratories with demonstrated competence in closely
related scientific areas. Forexample, in the field of radiological health,
the Panel noted the potential availability of the several AEC National
Laboratories for the conduct of large scale radiobiological and chronic
toxicity experiments. The PHS does require laboratories for epi-
demiologic research on human populations, since this area of public
health concern is not adequately provided for by other agencies.

Whether or not an expanded central laboratory is established in the
PHS, some leaders in the environmental health field believe strongly
that there should be regional laboratories, based in or very closely
associated with universities having interest and competence in one or
more of the fields of environmental health, Three considerations lead

to this conviction:

a. The critical shortage of research personnel creates the need to take advan-
tage of the leadership and training potential of university departments which
have competence in environmental health. One of the recognized limitations of
Government research laboratories is that they contribute very little as research
training Institutions, in contrast with universities.

b. Environmental health problems are often of greater regional interest than
nationa! concern, for example, air pollution in California and water pollution in
the Ohio River basin, Such regional challenges increase the likelihood of attract-
ing able research workers, especially if a university is involved. The Public
Health Service has taken advantage of some opportunities of this kind, but could
do so In more effective faghion,

827408—62——10



274 ENVIRONMENTAL OEALTI PROBLEMS

¢. The field of environmental health is very broad and engages the attention of
many disciplines. A university-centered laboratory would enable research
workers to maintain close contact with other workers in thelr own discipline.
Continuing contact with the parent discipline promotes research skills of the
individual and also increases the possibilities of fruitful interchange between
basic and applled research.

RECOMMENDATIONS

1, The Panel recognizes and endorses the position of the Public
Health Service that there is an urgent need for expanded activities
in research and control measures related to environmental health and
concurs that a Center in the Washington Area to house administrative
support and certain research activities will facilitate development of
the field.

2. The proposed program expansion (to the level of $300 million
per year in 5 years) is rapid. The Panel is acutely aware of the
severe shortage of well-qualified scientists in the field, and for this
reason recommends that major emphasis for the immediate future be
given to the development in the universities of scientific personnel,
The expansion of the proposed central facility should be related to
availability of personnel for the needs of the Federal Government as
well as those of communities and universities throughout the country,

3. The research program of the proposed center requires much more
careful delineation and projection. Except in the case of ongoing
programs to be transferred from facilities such as the Taft Center,
the Panel did not feel that enough effort had been directed to identifi-
cation of major problems and drafting of the blueprints of specific
research to be undertaken.

4. In consonance with recommendations of other committees, it is
recommended that strong, university-based centers be set up not only
for research and education, but also to help in the solution of local
environmental health problems. The present and proposed “regional
laboratories” which are in essence “field stations” do not fulfill this
requirement.

5. The potential of other Federal laboratories to assist in the solution
of problems of environmental health requires serious exploration.
This does not appear to have been done with the thoroughness and
imagination that the potentialities merit. For example, the superb
facilities at the Brookhaven and Oak Ridge National Laboratories
have not been considered in the field of radiological health.



F. EXECUTIVE OFFICE OF THE PRESIDENT

Bureav orF Tue Bubcer,
Washington 25, D.C.,July 5, 1961.

My Dear Mr. Secrerary: On June 14, the President sent to the Con-
gress an amendment to the 1962 budget in the amount of $3,515,000 for
site acquisition and detailed planning for the proposed Environmental
Health Center. The discussion which preceded this action, in which
you, members of your staff, the President’s Science Adviser and staff
of the Office of the President participated, produced a number of
understandings which I would like to confirm in this letter.

1. The funds for detailed planning included in the budget amend-
ment will be reserved pending a further study and review of environ-
mental health research programs and facility needs. As a part of the
review, a Departmental task group will prepare long-range research
objectives in each program area and recommendations on the appro-
priate Federal programs to accomplish those objectives. The task
group will give special attention to (a) research manpower require-
ments, both Federal and non-Federal, and necessary training and other
programs to meet those requirements, () the appropriate emphasis
between intramural Federal research efforts and extramural efforts,
and Federal programs, both as to personnel and facilities, needed to
carry both efforts forward, and (¢) the current research activities and
facility resources of other Federal agencies and appropriate inter-
relationships and coordination, including the possible sharing of
research facilities. The review will be concluded by December 1, with
a target date of November 1 for completion of work by the Depart-
ment’s task group. The plans and conclusions developed in this re-
view will produce a determination of facility requirements for the
various environmental health programs which will permit detailed
planning for the new facilities to proceed. Enclosed is a more com-
plete outline of the steps involved in this review.

2, Acquisition of about 690 acres for the main population center at
the facility and special radiation research facilities will proceed as
soon as funds become available, with the understanding that no com-
mitment is involved as to the type or extent of the latter facilities.
The decision to seek funds for 690 acres in the absence of an approved
facility plan was based in large part upon a general belief that land
acquisition requests should take into account the full range of possible
future needs. Should the needs in this case fail to materialize, the
excess acreage can either be retained as a general Federal acreage
reserve for future development or can be returned to private
ownership.
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3. Procurement of land for special open area facilities for such
purposes as an animal farm is postponed indefinitely pending further
development of research program and facility needs. If needed at a
later date, it is understood that acreage for these general purposes
would be sought at a separate location in an area not planned for high
density development.

4. The Department will continue to work closely with the National
Capital Planning Commission, both with respect to the specific acreage
to be acquired and with respect to the size and location of structures,
utilities, and facilities to be constructed.

Sincerely yours,
(Signed) ErLmER B. Staars,
Deputy Director.

The Honorable SecreTary oF HEarTH, EpDUCATION, AND WELFARE.
Enclosure,

General Outline for Review of Environmental Health Research
Programs and New Facility Needs

1. A departmental task group will be formed to undertake the necessary
review in each of the five program areas. The task group will include, in addi-
tion to departmental officials, appropriate outside consultants, and possibly
representatives from other Interested Federal agencies. Consultants will be
selected in consultation with the President’s Science Adviser. The task group is
to prepare long-range research objectives In each program area and recom-
mendations on the appropriate Federal programs to accomplish those objectives.
Special attention will be directed to (a) research manpower requirements, both
Federal and non-Federal, and necessary training and other programs to meet
those requirements, () the appropriate emphasis between inhouse Federal
research efforts and extramurel efforts, and Federal programs, both as to per-
sonnel and facilities, needed to carry both efforts forward, and (¢) the current
research activities and facility resources of other Federal agencies and appro-
priate interrelationships, coordination, and possible sharing of research facilities.

2. The Bureau of the Budget and the Office of the Science Adviser, with agency
representatives, will broaden and intensify its current review of the relative
biomedical research responsibilities and activities of the Atomic Energy Com-
mission and the Department of Health, Education, and Welfare in the radiation
fleld in order to formulate an effective delineation of responsibility for major
research areas between the two agencieg, Suach study will give specific attention
to future utilization of existing research facilities as between the two agencies.

3. Following completion of steps 1 and 2, the Executive Office will undertake,
through the facilities of the Sclence Adviser's Office and the Budget Bureau, to
obtain the views of other interested Federal agencies with respect to the proposed
research programs and related facility needs.
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4. The ad hoc panel of scientists convened on May 18 by the Science Adviser
to review the Public Health Service research plans and facility proposals will be
recalled for an overall review of the plans and conclusions stemming from the
foregoing.

B. Step 1, above, will be completed by November 1 and entire review will be
completed by December 1,
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Public Health Service Act, 70
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research grauts, 82-83
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smog, 18, 19, 72-74, 78

soclal aspects, 77

Subcommittee on Air Pollution, 65-96, 287, 269

recommendations, 635-89
Surgeon General's Task Group on National Goals in Air Pollution Research,
66, 67, 79-80, 93

technlcal assistance role of Public Health Service, 76-77

training activities of Robert A. Taft Banitary Engineering Center, 84-88
AIR POLLUTION POTENTIAL FORECASTING SERVICE, 90
AMERICAN PETROLEUM INSTITUTE, 84
AMERICAN PUBLIC HEALTH ASSOCIATION, 998, 110
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ANALYTICAL METHODS AND INSTRUMENTATION, 32, 51-53, 50-04, 72,
150-151, 160-164, 180-182, 208, 237, 242, 260
facility requirements, 61-63
in air pollution research, 81, 82, 89-91, 94
Subcommmittee on Analytical Methods and Instrumentation, 50-04, 267, 269
recommendations, 59-60
types of analytical methods and instrumentation requirements, 63-64
ARMY CHEMICAL CORDS, 144
ARMY CORI'S OF ENGINEERS, 255
ATOMIC ENERGY COMMISSION, 12, 60, 62, 83, 144, 208-208, 210, 211, 213, 273
Automobile Exhaust, see MOTOR VEHICLE EMISSIONS
AUTOMOBILE MANUFACTURERS ASSOCIATION, 84

B

Bacterial Contaminants, see FOOD CONTAMINANTS

BUREAU OF ENVIRONMENTAL HEALTH, 3, 4, 9, 39, 40, 46, 83, 93, 189,
212, 213, 218, 270

BUREAU OF MINES, 12, 83

BUREAU OF OLD-AGE AND SURVIVORS INSURANCE, 186

BUREAU OF PUBLIC ROADS, 98

BUREAU OF STATE SERVICES (ENVIRONMENTAL HEALTH), 38, 4, 270

C

CARCINOGENS, 19, 81, 101

CHEMICAL CONTAMINANTS, 24, 26, 32, b1, 5§52, 114, 115, 128, 133-134,
148-149, 162

Chemical Wastes, see under WASTES

CLINICAL CENTER (NIH), 12

COMMITTEE ON ENVIRONMENTAL HEALTH PROBLEMS, 1-35, 265-266

CONSULTING AND RESEARCH DESIGN GROUP, 47

D

DATA PROCESSING, 10, 45-48, 63, 94, 129, 130, 152, 181, 164, 194, 199, 208-209,
242, 254
DEPARTMENT OF AGRICULTURE, 60, 83, 144, 256
DEPARTMENT OF THE AIR FORCE, 83
DEPARTMENT OF COMMERCE, 12, 98, 256
DEPARTMENT OF DEFEXNSE, 12, 83, 144, 258
DEPARTMENT OF INTERIOR, 12, 2568
DEPARTMENT OF URBAN AFFAIRS, 101
DISEASE, 19, 30-32, 34, 45, 51
and air pollution, 17-20, 71-73, 81-82
and water pollution, 24
control, 108
from food contamination, 30
outbreaks {(charts), 140-141
DIVISION OF ACCIDENT PREVENTION, 99, 100
DIVISION OF AIR POLLUTION, 41, 78-82, 84, 88-92, 270
Natlonal Air Sampling Network, 81, 90
training grants, 85-87
PIVISION OF COMMUNITY HEALTH PRACTICE, 41
DIVISION OF EXNVIRONMENTAL ENGINEERING AND FOOD PROTEC-
TION, 97-108, 126-132, 270
DIVISION OF GENERAL MEDICAL SCIENCES (NIH), 41
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DIVISION OF RADIOLOGICAL IIEALTH, 12, 41, 154, 205, 210-214, 270

DIVISION OF RESEARCH GRANTS (NIH) 41, 83

DIVISION OF WATER SUPPLY AND POLLUTION CONTROL, 41, 83, 222,
251, 270

B

ELECTRONIC COMPUTING, 45-40, 48, 94, 112
ENVIRONMENTAL ENGINEERING, 27-30, 63, 97-132, 270
guidelines or criteria of performance, 103-104
levels of respousibility, 105-100
long-range objectives, 1(H-105
metropolitan area problems, 108-113, 121-125
metropolitan planning, 28-30, 111-113
regional laboratories, 14, 55-56, 248
research
funds, 13-14, 97
goals, 108-132
grant funds, 104
objectives, 102-103
on housing and occupied space, 108-110
on solid wastes, 117-119
on urban and recreational areas, 111-113
on water supply, 113-116
Research Grants Branch of Division of Environmental Engineering, 104
social and economic aspects, 27-30
Subcommittee on Environmental Engineering, 28, 97-132, 267, 269
recommendations, 97-99
trends, 160-102

ENVIRONMENTAL HEALTH

blochemistry and environmental health, 53

facility requirements, 54-57

manpower funds for national program, 2

manpower requirements, 13-16

Office of Environmental Health Sclences, 3, 4

participation of social sclences in environmental health research, 119-121
physiology and pharmacology in environmental health, 53-54

relation to social science, 110-123

resources required for needed effort, 13-16

toxicology and environmental health, 52

ENVIRONMENTAL HEALTH CENTER, 2-4, 9-12, 4549, 54-55, 65-69, 93, 97,
134, 165, 160-170, 202, 214, 271-277
ENVIRONMENTAL HEALTH PLANNING GUIDE, 28, 101

F
FACILITIES
for air pollution, research, 88-G9, 93-95
for electronic computing and data processing, 4748
for environmental health activities involving basic biological sciences, 54-57
for environmental health programs, 54-67, 50-63
for oceupational henlth activities, 201-203
for radiological health, 213-214
for water supply and pollution control programs, 217, 247-248
site selection for wuter polution control facilities, 254-256
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FEDERAL AGENCIES

gee also INDEPENDENT AGENCIES
gee also STATE AGENCIES
Army Chemical Corps, 144
Army Corps of Engineers, 255
Atomic Energy Commission, 12, 60, 62, 83, 144, 206, 207, 208, 210, 211, 213, 273
Bureau of Mines, 12, 83
Bureau of Public Roads, 98
Department of Agriculture, GO, 83, 144, 256
Department of the Air Force, 83
Department of Commerce, 12, 98, 256
Department of Defense, 12, 83, 144, 256
Department of Interior, 12, 256
Department of Urban Affairs, 101
Federal Power Commission, 256
Food and Drug Administration, 144, 210
Housing and Home Finance Ageney, 98, 106
Library of Congress, 83
National Bureau of Standards, 12, 60, 83
National Institutes of Health, 12, 40, 83
National Science Foundation, 15, 16, 40
Public Health Service, 14, 8, 9, 10, 11, 12, 14, 15, 16, 20, 28, 31, 39, 41, 42, 43,
61, 54, 65-70, 77, 80, 83, 96-98, 106, 121, 125, 133-136, 142-145, 147, 151, 153,
154, 157, 185, 167-1G8, 171, 176, 187-188, 193-194, 197-204, 205-210, 215-
218, 223, 234, 250, 270, 271-274
research In air pollution, 80
FEDERAL POWER COMMISSION, 256
FEDERAL RADIATION COUNCIL, 207-208
FERTILIZERS, 114, 227-228
Food, see MILK AND FOOD
FOOD AND DRUG ADMINISTRATION, 143, 210
FOOD CONTAMINANTS, 380-838, 52
FUNDS
costs of Environmental Health Center, 13-14
for environmenta! engineering, 97
for radiological health, 205-206, 210-214
grants for environmental engineering, 87-99
proposed budget for data facility, 48
recommendations for air pollution program, 68
requirements for manpower in national program in environmental bealth, 2
requirements for water supply and poliution control, 215, 247, 251-252
requirements in occupational health, 166, 203-204
research grants in air pollution, 82-83
research grants In environmental health, 18, 50, 56-57
research grants in milk and food, 104, 1535-156
research grants in occupational health, 190
research grants in water supply and pollution control, 217, 240, 257
training funds in radiologieal health, 211
training grants activities of Public Henlth Service, 3042
training graats in air pollution control, 41, 8387, 95
training grants in water supply and pollution control, 251-258
training grants of Division of Air Pollution, §5-87
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HOUSING, 30, 97-98, 104, 108-110
research, 108-110
HOUSING AND HOME FINANCE AGENCY, 98-108

I

INDEPENDENT AGENCIES
research in air pollution, 83-84
Industrial Wastes, sce under WASTES
INFORMATION DISSEMINATION, 2, 8, 16, 54, 61-64, 91-92, 128 130, 140, 148,
152, 163, 184, 187, 194, 199, 202, 216-217, 230, 234, 242-243, 261
INFORMATION STORAGE AND RETRIEVAL, 10, 45, 4748

L

Land Drainage Wastes, see under WASTES
LEGISLATION, 1, 4, 275
Federal Water Pollution Control Act, 215, 243-245, 252, 254-256
for air pollution control, 78
for water poliution control, 215, 230-233, 2432435, 254, 260
needs, 4
Public Law 84-159, 70, 87
Publie Law 86-493, 70, 80
Public Law 87-88, 215, 254
Public Law 410, 142
Public Law 660, 232, 247
Public Health Service Act, 70, 104, 142, 156
responsibilities for water supply and pollution control, 243-245
uniform state leglsiation and interstate cooperation in water pollution
control, 230233, 260
LIBRARY OF CONGRESS, 88

M

MANPOWER, 2, 11, 13-16, 30—483, 54-38, 272-273, 274
for research in water pollution control, 246, 248-251
graduate training of staff, 43
personnel recruitment, 43
proposed stafting of data facility, 48
requirements for water supply and pollution control programs, 246-247, 251
requirements in air pollution research, 85
requirements in national program [n eavironmental heaith, 2, 11, 13-16
requirements 1o occupational health, 170, 198-201
requirements in radiological health, 211-212
requirements in water pollution control, 246-247, 251
ghort-term training, 42
Subcommittee on Manpower Resources and Tralning, 14, 3043, 98, 267
recommendations, 39
Metropolitan Areas, see URBAN AREAS
MILK AND FOOD, 30-33, 62, 133-164
chemical contaminants, 32-33, 51-53, 148-149, 160, 162
evaluation of food equipment and processes, 152-153
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MILK AND FOOD-—Continued
food protection, 52, 153
food protection goals, 160-164
food safety, 150-151
foodborne disease outbreaks and population (chart), 140-141
implementation of protection activities, 154-157
legislation, 136, 142-143, 156
microbiological contaminants, 30-32, 146-147
Milk and Food Program of Public Health Service, 62, 134-1386, 146-154
nutritional quality of market foods, 149-150
problem areas and goals, 146-153
radionuclide contamination, 82, 52, 62, 133, 144, 148-149, 160
relation to waterborne disease outbreaks (chart), 140
research grant funds, 104, 155-156
shellfish, 30, 31, 62, 127, 142, 143, 144, 145, 151, 153, 154155, 162
Subcommittee on Milk and Food, 133-164, 267

recommendations, 133-136

types of foodborne disease cutbreaks (chart), 140

Monitoring, see SURVEILLANCE NETWORKS

MOTOR VEHICE EMISSIONS, 18, 74-75, 8081, 84, 120

N

NATIONAL ADVISORY COMMITTEE ON COMMUNITY AIR POLLU-
TION, 65, 98

NATIONAL ADVISORY COMMITTEE ON RADIATION, 206, 211, 212, 285

NATIONAL ADVISORY HEALTH COUNCIL, 87

NATIONAL AIR SAMPLING NETWORK, 81, 90

NATIONAL BUREAU OF STANDARDS, 12, 60, 83

NATIONAL COMMITTEE ON RADIATION PROTECTION, 241

National Environmental Health Center, se¢ ENVIRONMENTAL HEALTH
CENTER

NATIONAL INSTITUTES OF HEALTH, 12, 40, 83, 86

NATIONAL LIBRARY OF MEDICINE, 12

NATIONAL SCIENCE FOUNDATION, 15, 16, 40

o)

OCCUPATIONAL HEALTH, 33-35, 51, 62-63, 185-204
Bureau of Environmental Health, 3, 4, 9, 89, 40, 46, 83, 93, 170, 212, 217
Bureau of Old-Age and Survivors Insurance, 186
facilities, 201-203
fiseal requirements, 166, 203-204
formulation of Public Health Service program, 186-197
historieal aspects, 173-176
manpower requirements, 168, 198-201
research, 163, 180-182
research grants, 196
role of I"ublic Health Service, 176-1806
Subcommittee on Occupational Health, 165-204
recommendations, 185-166
training, 165-166, 170-171, 195
OFFICE OF ENVIRONMENTAL HEALTH SCIENCES, 8, 4, 9, 10, 11
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Personnel, see MANI'OWER

PESTICIDES, 52, 227

PUBLIC HEALTII SERVICE, 14, §, 9, 10, 11, 12, 14, 186, 20, 28, 31, 30, 41, 42, 43,
51, 54, 85-70, 77, 96-98, 106, 121, 125, 133-136, 142-145, 147, 151, 153, 154, 157,
165, 167-168, 171, 176, 187-188, 193-194, 197-204, 2035-210, 215-218, 223, 234,
200, 270, 271-274

R

RADIATION HAZARDS RESEARCH LIAISON COMMITTEE, 12, 213
Radioactive Wastes, see unider \WWASTES
RADIOLOGICAL HEALTH, 52, 205-214
Division of Radiological Health, 154, 205-214, 270
facilities, 213-214
Federal Radiation Council, 207-208
funds, 205, 206, 211, 212
historical aspects, 208-207
manpower requirements, 205, 211
National Advisory Committee on Radiation, 206, 211, 212, 265
National Committee on Radiation Protection, 208
program of Public Health Service, 62, 210-213
protection measures, 209-210
protection standards, 208
radiation exposure levels, 208-209
Radiation Hazards Research Liaison Committee, 12, 213
radiation monitoring, 62
relatlonship to Atomle Energy Commission, 12, 213, 273, 274
research, 212
Subcommittee on Radiological Health, 205-214, 267, 270
recommendatlions, 205-206
training, 211-212
training funds, 211
RADIONUCLIDES, 46, 63, 64, 115
contamination of milk and food, 33, 131, 149
RECOMMENDATIONS
objectives for Federal water supply and pollution control program, 256-261
of Committee on Environmental Health Problems, 14
of Subcommittee on Air Pollution, 65-89
of Subcommittee on Analytical Methods and Instrumentation, 59-60
of Subcommittee on Applied Mathematics and Btatiatics, 45
of Subcommittee on Environmental Engineering, 87-99
of Subcommittee on Manpower Resources and Training, 39
of Subcommittee on Milk and Food, 133-138
of Subcommittee on Occupational Health, 165-168
of Subcommittee on Pharmacology, Tox{cology, Physiology, and Bio-
chemistry, 49-50
of Subcommittee on Radlological Health, 205-206
of Subcommittee on Water Supply and Pollution Control, 215-218
RECREATIONAL AREAS, 102, 111-113
RESEARCH
funds for environmental engineering, 87
goals in environmental engineering, 108-125
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RESEARCH—Continued
grants for environmental engineering, 97-98
grants for milk and food, 104, 155-156
grants in air pollution, 8§2-83
grants in environmental health, 56-57
grants in occupational health, 196
grants in water supply and pollution control, 257-258
in air pollution, 79-84
in radiologicnl health, 212-213
manpower for research in water pollution control, 248, 249
objectives in Federal water supply and pollution control program, 257-258
on housing and occupied space, 108-110
on solid wastes, 117-119
on urban and recreational areas, 111-113
on water supply, 113-118
Research Grants BBranch of Division of Environmental Engineering, 104, 155
site selection for water pollution control research facilities, 254-258
social science participation in environmental health research, 119-125
training grants in water pollution control, 249-250
university programs in environmental health, 56
ROBERT A. TAFT SANITARY ENGINEERING CENTER, 84, 154, 271

8
SEPTIC TANKS, 223
Sewage, sce under WASTES
Shellfish, see under MILK AND FOOD
SILT. 226
SMOG, 18,19, 72,73, 75
SOCIAL SCIENCES
participation in environmental health regearch, 139-141
Solid Wastes, sce under WASTES
Staff. see MANPOWER
STANDARD METROPOLITAN STATISTICAL AREAS, 29
STATE AGENCIES
research in alir pollution, 83
responsibilities in water pollution control, 250
uniform State legislation and interstate cooperation in water pollution
control, 260-261
water supply and pollution eontrol programs, 261
STUDY GROUP ON THE MISSION AND ORGANIZATION OF THE PUB-
LIC HEALTH SERVICE, 45-46
SUBCOMMITTEE ON AIR POLLUTION, 85-96, 267, 269
SUBCOMMITTEH ON ANALYTICAL METHODS AND IN STRUMENTATION,
5064, 287, 269
SUBCOMMITTEE ON APPLIED MATHEMATICS AND STATISTICS, 45-48,
267, 209
SURCOMMITTEE ON ENVIRONMENT ENGINERING, 97-132, 287, 289
SUBCOMMITTEE ON MANPOWER RESOURCES AND TRAINING, 14, 80-43
08, 267
SURCOMMITTEE ON MILK AND FOOD, 133-164, 267
SUBCOMMITTEE ON OCCUPATIONAL HEALTH, 165-204, 267, 269
SUBCOMMITTEE ON PHARMACOLOGY, TOXICOLOGY, PHYSIOLOGY,
AND BIOCHEMISTRY, 49-57, 2687
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SUBCOMMITTEE ON RADIOLOGICAL HEALTH, 205-214, 267, 270
SUBCOMMITTEE ON WATER SUPPLY AND POLLUTION CONTROL,
215261, 267, 270
SURGEON GENERAL’S TASK GROUP ON NATIONAL GOALS IN AIR
POLLUTION RESEARCH, 66, 67, 68, 79-80, 95
SURVEILLANCE NETWORKS, 61, 64
air quality monitoring, 81, 90
monitoring instrunientation, 63
National Air Sampling Network, 81, 90
National Water Quality Network, 260
radintion monitoring, 63-64
surveillance of consumer food supply, 151-152
water quality surveillance, 26-27, 60, 239-240

T
TRAINING, 2, 9, 14, 39-43
funds for grants activities, 4142
funds for radiological health, 211-212
graduate training of staff, 43
grants in air pollution, 83-86, 96
grants in water supply and pollution control, 246, 247, 238
grants programs, 41
in alr pollution control, 84-87
in occupational health, 165-166, 170-171, 195
in radiotogical health, 211-212
in water supply and pollution contrel, 248-251, 258
objectives of traineeships in water supply and pollution control, 258
research fellowships in water supply and pollution control, 298
short-term training 42, 85, 135, 162-163, 1686, 170-171, 195, 211, 250, 258, 272
Subcommittee on Manpower Resources and Training, 39-43
recommendations, 39
university programs in environmental health, 56-57

U
URBAN AREAS, 27-30, 33, 48, 65-68, 72, 73, 74, 17-78, 98, 99-102, 108, 107,
108-119, 121-125, 189, 156, 219, 220, 221-223
Urban Wastes, see under WASTES

w
WASTES
chemical, 21-22
disposal, 25, 239
industrial, 20-27, 46, 223-226
treatment of, 24-25, 238
Iand drainage wastes, 226-228
radioactive, 22-23, 33
sewage, 100, 221-222, 260
solid, 98, 117-119
research on, 117-119
treatment of, 24-25
urban, 222, 260 -
WATER POLLUTION CONTROL ADVISORY BOARD, 245, 251, 265
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WATER SUPPLY AND POLLUTION CONTROL, 20-27, 41, 51, 61, 102, 104,
113-116, 215-201
chenmical contaminants, 21, 22, 26, 224-225
chemical wastes, 224-225
criteria for selection of sites for Federal control facilities, 254-256
disposal of waste effluents, 239
econonic aspects, 229
facility requirements, 247-248
Federul Water Pollution Control Act, 215, 243-245, 252, 254-256
funds, 215, 247, 251-252
heat poliution, 23, 226
industrial wastes, 20-22, 223226
land drainage wastes, 226-228
legislated responsibilities, 215, 244-245, 254, 256
legislation, 215, 260
manpower for research, 246, 251, 257-258
manpower requirements, 389-43, 215, 246, 251, 257-248
National Water Quality Network, 260
Public Law 87-88, 215 254
Public Law 84-660, 232, 247
pollution from recration and navigational uses, 228, 229
protection of water quality through enforcement sctivities, 259-260
radioactive wastes, 22-23, 225
recommended ohrjectives for Federal program, 252, 256-261
research and development, 23-24, 113-116, 234-242, 257
scope of Federal program, 243-245
geptic tank problem, 223
sewage pollution, 221-223
sources of pollution, 234-236
State programs, 250, 261
Subcommittee on Water Supply and Pollution Control 215-261, 267, 270
recommendations, 215-218

training, 246-251
uniform state legislation and interstate cooperation, 230-233, 260-261
urban waste problem, 222-223
waste treatment methods, 24-25, 238
waste treatment works, 221-222, 231-232
Water Pollution Control Advisory Board, 245, 251, 265
water quality surveillance, 26-27, 233-234, 239-240, 260
water resources, 218, 219, 241, 233, 256

WEATHER BUREAU, 12, 90
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