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PREFACE

Eight years have passed since the June 1960 Study Conference on the Graduate Education of Sanitary
Engineers. During that interval a number of signiflicant changes have occurred that make it appropriate
for the profession to reexamine its educational objectives and resources. Indicative of the expanding role
of the sanitary engineer, in 1964 the American Sanitary Engineering Intersociety Board (KXSEIB) adopted
a new name, the Environmental Engineering Intersociety Board (EEIB). The changing role of the sanitary
engineer in the federal establishment was recognized when the functions of water pollution management
were transferred {rom the Public Health Service to the Department of Interior’s Federal Water Pollution
Control Administration. Perhaps more important, yet less tangible, has been the growing public concern
for all aspects of environmental pollution and the increasing awareness among engineers, particularly those

~ “from civil engineering, of their rather special responsibilities for the environment. It was because df this
«  concern and its meaning to our educational programs that the American Association of Professors in Sani-
tary Engineering (AAPSE) was organized in December of 1963. This awareness was also the reason for the
" preparation in 1966 of a new Register of Graduate Programs in the Field of Sanitary Engineering Educa-
tion as a joint effort by AAPSE and EEIB to bring the earlier register up to date.

The objectives of the Second National Conference on Environmental and Sanitary Engineering Griduate
Education are best summarized in the Table of Contents, where the nine Task Committee titles are listed.
It is evident that environmental engineering is an interdisciplinary science based on the engineering and ap-
plied science fields for which man and his well-being are the principal focus. Although his is not the only
profession concerned with the environment, the sanitary engineer, through his deveral decades of involve-
ment in the management of water, air, food, and environmental pollutants, has certainly established his
position in the environmental fields. It is noteworthy that the accomplishments and leadership of the sanitary
engineer during this period led to the elimination or control of many communicable diseases rampant at the
turn of the century. Tt is appropriate and timely that the sanitary engineer and his science colleagues examine
this position vis-a-vis the needs of the nation, the probable nature of its future development, and the adequacy
and requirements of the educational programs serving environmental engineering. This was the broad pur-
pose of the 1967 Conference at Northwestern University.

ORGANIZATION OF THE CONFERENCE AND REPORT

The Conlerence was jointly sponsored by the Environmental Engineering Intersociety Board and the
American Association of Professors in Sanitary Engineering. A nine-man Steering Committee was appointed
by these two organizations, and Proflessor G. A. Rohlich of the University of Wisconsin was elected Chair-
man and Professor W. J. Kaufman of the University of Califernia, Vice-Chairman. The Steering Committee
membership was comprised of representatives from the two sponsoring organizations and included individ-
uals from the fields of chemistry and biology.

Nirne study topics were selected and nine Task Committees appointed. One member of the Steering Com-
mittee served as a liaison member on each of the Task Committees as weil as moderator of that Commit-
tee’s session.at the Conference. Each Committee was encouraged to meet before the Conlerence. Dralt
versions of each Commijttee’s report were distributed at the Conference and summary reports were pre-
sented at each of®ten sesjions, twa sessions of which were devoted to the subject of graduate curricula for pro-
fessional and research careers in environmental engineering.

Attendance at the Conference was open to all individuals concerned with ediscation, research, and prac-
tice in the broad field of environmental engineering. Invitations were sent to more than two hundred persons
located in educational institutions, in federal, state, and local government, and in consulting engineering
firms and industry. Aniong the invited were those listed in the 1966 register as well as those in attendance
at the 1960 Conference. . |

The Task Committee reports and discussion from the floor provided the material for the preparation of

the final report by the Editorial Committee: Professor G. A. Rohlich, Professor W. J. Kaufman, Dean H. B.
Gotaas, and Dean L. G. Rich. The Steering Committee was authorized by a formal motion of the Confer-
ence to prepare the final report and to express in it the consensus of those in attendance at the Conference.
The Steering Committee has taken this charge literally and has been liberal in its editing of the original re-
ports. In some instances new data have been introduced by the Committees, while in others the Editerial
Committee has materially changed the organization and terminology of the Committee reports in order to
achieve greater coherence and a more logical overall structure. The nine chapters of the report have been
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ordered somewhat differently than the Conference sessions; thus, the session and chapter numbers do not
correspond.

The first two chapters deal with the roles ahd activities of personnel in environmental engineering and
include the input from committees whose members have a great diversity of functions within the field today.
Chapters III through VI deal with the disciplines which impinge in a determinative way on environmental
engineering; chemistry, biclogy, the social sciences, and systems analysis. Chapters VII and VIII are con-
cerned with certain special educational problems of the field—the essential role and education of the applied
scientist and the accreditation of professional graduate programs. Finally, Chapter IX establishes some
guidelines for curricula in environmental engineering aimed at providing both direction and flexibility. The
Report includes no final conclusions as such, although many conclusions and recommendations appear in
the various chapters. However, a summary of the final session has been included as Appendix A in order
that the record be complete with regard to formal resolutions made at the Conlerence.

Prior to publication, copies of the final report were made available for review to all Steering Committee
members and to the Task Committee Chairmen. At a meeting of the Editorial Committee in August 1968 the
comments of these individuals and their committees were considered and further changes made in the report.
It thus should be emphasized that this Report of the Second National Conference on Environmental and San-
itary Engineering Graduate Education represents the effortd of a great many individuals, the majority of
which will substantially agree with the final results.
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I. THE ROLE OF THE ENGINEER
IN ENVIRONMENTAL ENGINEERING

Webster defines environment as “the aggregate of
all the external conditions and influences affecting
the life and development of an organism.” If we iden-
tify our organism of principal concern to be man,
the definition is suitable and explicit and we need
only to specify the nature of the engineer’s involve-
ment. Here the definition of environmental engineer-

w ing provided by the Environmental Enginecring

* Intersociety Board will serve admirably:

“The term FEnvirenmental Engineering means
the application of engineering principles and
practices to one or more elements of the en-
vironment for the purpose of protecting or
improving man’s health and well-being. It in-
cludes the control of the air, land and water
resources, man's persenal and working envi-
ronment in relation to his health, social and
economic well-being, and the design and
maintenance of systems to support life in alien
and hostile environments.”

The title of this Conference—Environmenial and
Sanitary Engineering Graduale Education—raises the
question: of the meaning of sanitary engineering as
distinct from environmental engineering. As will be
seen later in the report,~the term environmental en-
gineering has replaced sanitary enginecring as a
more appropriate expression of the breadth of the
field, while the latter term has become the designa-
tion of the professional in water quality management.
Today the practicing sanitary engineer is principally
concerned with the planning, design, construction,
operation, and regulation of water quality control
systems as primarily related to water supply and
purification, sewage collection and treatment, and
the evaluation of the effects of urban drainage on
quality. To a lesser extent, the sanitary engineer to-
day is also involved with the broader aspects of water
resources, air pollution control, solid residue control,
urban planning, and general sanitation. While most
of the sanitary engineers are associated with water-
oriented project¥, there hre thosé who have become
concerned with air pollution control, industrial hy-
giene, and solid wastes disposal. The sanitary engi-
neering professors in a majority of the universities are
largely engaged in the teaching of water quality
oriented courses, and fthe direction of their research
is to this same area.

not fit the environmental concept of the sanitary-
civil engineer. Tt appears that an evolutionary trend
has developed, pushing sanitary engineering into the
water quality specialty. Certainly few can argue with
the philosophy that a sound approach to engineering
education requires that a sanitary engineer become a
specialist before he is qualified to become a gener-

A,
It is recognized that the preceding statements do

alist in the sense implied by the term environmental
engineering. *

Whereas the traditional concept of sanitary en-
gineering, as stated in the various National Research
Council (NRC) Committee Reports, assigns him a
broader role than water quality management, today
the generic term envirommental engineering has assumed
the meaning of the historical designation “sanitary
engineering. The latter term has become the species
designation for water quality management. It is not
likely that a single individual can fulfill all the re-
quirements of an environmental engineer and repre-
sent himself as such. This circumstance has been
recognized by EEIB and the American Academy of
Environmental Engineers. The new certificates
issued to diplomates of the Academy will carry only
one of four specialty desig}]ations:

Sanitary Enginecring

Industrial Hygiene Engineering

Air Pollution Control Engineering
Radiation and Hazard Control Engineering

HISTORICAL COMMENTARY

The education of sanitary engineers has had a long
and honorable history when compared with post-
graduate education in many other branches of engi-
neering. The record is supported by the following
gimple statistics: Of every 100 engineers practicing in
the United States today, approximately 20 are in
civil engineering, and of these one is a sanitary en-
gineer. Among all the engineers practicing, about 25
percent have post-graduate degrees. However,
among the civil engineers, fewer than 20 percent
have completed any post-graduate study; whereas,
among sanitary engineers, almost 80 percent have
earned the M.S. or Ph.D. Degrees. This record of
post-graduate education of sanitary engineers is ex-
ceeded only by a very small group of nuclear engi-
neers {(data from Engmeertng Manpower m Profile,
Engineers Joint Council, 1964).

The standing of any profession stems in good part
from the educational qualifications of its practi-
tioners. Sanitary engineers have long been advocates
of post-graduate education. For this reason, as well
as perhaps their greater involvement in social devel-
opments, many sanitary engineering professors in the
past have been selected to serve as heads of depart-
ments and as deans of engineering schools in num-
bers far exceeding their representation in academic
institutions. Furthermore, virtually all of the major
educational institutions that offer post-graduate
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study in engineering in the United States have a
program in sanitary engineering. B

Much of this record of accomplishment can be
attributed to such giants in sanitary engineering edu-
cation as Gordon M. Fair at Harvard and others.
Their writings, their leadership, and their precepts
have done much to give stature to post-graduate
sanitary engineering education in the United States.
For many years it was sufficient for educators to fol-
low the examples set at the leading institutions in
establishing their own directions. As the prolession
grew, however, the need for the formalization of
educational policy became apparent.

The NRC Conference Report

The NRC conference owed much to the leadership
of Abel Wolman, then chairman of the Committee on
Sanitary Engineering and Environment, and to Fro-
fessor Earnest Boyce, then chairman of the Subcom-
mittee on Personnel and Training. The conference
was sponsored by the Public Health Service, and it
s not inappropriate here to point out that the profes-
sion owes a considerable debt to the sanitary engi-
neers of the Public Health Service who did so much
to assure support for sanitary engineering education.
"The roster of others who played significant roles at
this conference is long and distinguished.

The 1957 conference affirmed the definition of the
term sanitary engineer as developed by NRC in 1943
and revised in 1954. An important recommendation
of the conference was a five-year program involving
a four-year undergraduate civil engineering curric-
ulum followed by professional specialization in the
fifth year leading to the master’s degree. The confer-
ence concluded that the four-year undergraduate
specialization in sanitary engineering failed to supply
enough sanitary engineering graduates to meet the
demand. It also concluded that options in civil en-
gineering curricula were [requently deficient in the
basic sciences of chemistry and biology. Therefore,
they recommgnded against separate undergraduate
degree programs in sanitary enginecring and against
professional specialization in undergraduate civil
engineering curricula.

The 1957 conference, recognizing the role of the
sanitary engineer at that time in health agencies,
recommended a one-year program leading to the
master’s degree with about 25 percent of the time
being devoted to sore courses including environmental
hygiene, engineering statistics, and epidemiology.
The electives were to depend upon the area of spe-
cialization within sanitary engineering: (a) public
health, {b) water works and waste disposal works,
(¢} industrial hygiene, (d) radiological health, and
{e) air pollution control. Tt was recognized that
while graduates of a civil engineering curriculum

would be better qualified for post-graduate study in
specialties related to public works, graduates from
mechanical and chemical engineering might be
better qualified to pursue graduate study in other
specialty areas such as air pollution or industrial hy-
giene. Although mentioa was made of the education
of physicists, chemists, and biologists, no special
graduate program was outlined for them other than
indication that in order to obtain an engineering de-
gree they should be required to take the engineering
prerequisites.

It was not contemnplated that any single educa-
tional institution would be in a position to offer
programs in all of the specialty fields of sanitary
engineering, but many schools would have programs
in at least one of the fields.

The conference devoted considerable attention to
career opportunities in sanitary engineering but gave
major attention to rectuitment and recruitment in-
centives. Included among the recommendations were
the expansion and extension of traineeship and
fellowship programs, particularly in the specialized
fields of sanitary engineering at the post-graduate
level.

The Harvard Conference

In 1960 sanitary engineering education was on the
threshold of major expansion in the United States,
as evidenced by the sharp increase in research and
training grants at educational institutions and the
concomitant growth in faculty and graduate enroll-
ment (cf. Register of Graduate Programs in the Field of
Sanitary Engineering Education, sponsored by the
American Association of Professors in Sanitary Fn-
gineering and the Environmental Engineering Inter-
society Board, June 1966}, The American Sanitary
Engineering Intersociety Board (predecessor of
EEIB) sponsored a study conference on the graduate
education of sanitary engineers at Harvard Univer-
sity on June 27-29, 1960, under a grant from the
National Science Foundation. Thomas R. Camp,
formerly professor of sanitary engineering at M.L'T.
and then chairman of the Board of Trustees of
ASEIB, was conference chairman. Available to the
conferees was the first sanitary engineering education
directory, prepared by Professor Gilbert H. Dunstan
of Washington State University.

Major attention at the conference was given to
graduate curricula in the fields of (a) water resources
engineering; (b) air resources engineering; and (¢)
public health engineering, with special attention also
given to the basic science courses incorporated
these curricula.

Among the conclusions of the 1960 conference was
the statement that sanitary engineering education
should be expected to play an increasing role in pre-
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paring engineers for careers concerned with water
resources. For the first time it was emphasized that
competence in the field would often require educa-
tion to the doctoral level with a wide variety of pro-
grams being necessary to meet the needs in these
broad areas. In programs of study in water resources
it was thought desirable to have additional course
work in hydrology, hydraulics, and systems analysis.

In the discussion of the field of air resources en-
gineering at- the Harvard conference, it was con-

t cluded that terms air hygiene and industnal hygiene
"engineering were more suitable. Incorporated in the

report was the recognition that radiological hygiene
specialized field
closely related to air hygiene and industrial hygiene
and more distantly related to water resources
engineering.

In considering the sanitary engineer in the general
field of public health engineering, courses from a
wide variety of subject areas were suggested for in-
clusion in the curriculum by the Harvard conference,
much as laid out in the 1957 NRC conference report.
Somewhat more emphasis was to be placed on sub-
jects in public administration, political science, plan-
ning, and economics. [t was evident that among the
five designated specialty fields, public health engineer-
ing was the field for the gereralist,

A conference committee devoted to biology and
chemistry requirements for master’s degree pro-
grams in sanitary engineering clucidated specifically
what the course content should be.

In reviewing the work of this conference, it ap-
peared evident for the first time that a wide variety
of program areas and course curricula were branch-
ing from sanitary engineering. The conference did
not try to prescribe rigid requirements or any single
program of study, but it did indicate opportunities
for expansion into areas of educational opportunity
that were on the horizon. This inevitably led to con-
siderations of terminology problems and the confer-
ence recommended.that ASEIB undertake a study of
this matter. (One result of this recommendation,
together with pressures jwithin the profession itself,
was the adoption by ASEIB of its new designation:
Environmental Engineering Intersociety Board. En-
vironmental engineering was intended to include all
fields of activity formerly incorporated in the NRC
definition, with individual fields of activity, including
that of sanitary engineering, covered by
umbrella.)

Another major concern of the conference was the
accreditation of post-graduate programs in sanitary
engineering beginning at the level of degree pro-
grams. It recognized that to be accredited it would
be unnecessary for an educational institution to offer
instruction in more than one of the fields designated
by the conference. The conference recognized ECGPD

this,

p]

as the organization best suited to administer the ac-
creditation program.

Among other specific recommendations of the
Harvard conference were the following:

1. The minimum length of timefor graduatc in-
struction leading to the first degree in sanitary
engineering {i.e., in water resources engineer-
ing, air resources engineering, and public
health engineering), or the master’s degree,
should be one calendar year rather than one
academic year.

2. All of the program areas, including water re-
sources engineering, air resources engineering,
and public health engineering should have a
common core of chemistry, microbiology,
radiological hygiene, statistics, and epidemi-
olbgy.

3. Tt became apparent that some formalized col-
laboration between educational institutions
involved in sanitaaiy engineering education
would be desirable, and accordingly the con-
ference requested that ASEIB refer to its
Committee on Education the question of the
desirability of initiating formal coliaboration.

The Airite House Conference on Educational Needs
in Environmental Health

At the instigation of the Public Health Service and
under a contract with the National Academy of Sci-
ences National Research Council, an invited confer-
ence of 24 educators and ather interested professional
persons was held at Alrlie House for the purpose of
developing ways of meeting the increasing need for
personnel for teaching, research, and practice in en-
vironmental health. Several of those participating
were involved in the previcus conferences and were
in attendance at this one, notably Professor Gerard
Rohlich. In addition, however, there were present
specialists from other fields related to environmental
health, including medicine, agriculture, health phys-
ics, meteorology, physiclogy, and toxicology.

The following were major recommendations from
this conference

There should be estabhshed interdisciplinary
env1ronmcnta1 health research centers at se-
lected universities. In the instances where a
single university could not adequately provide
the resources for the field of environmental
health several institutions should cooperate.

2. A considerable increase in the number of, and
amounts of money for, institutional grants for
environmental health research training and
facilities should be made.

3. The fellowship program should be expanded
and some means provided for supporting un-
dergraduates preparing themselves for careers
in environmental health.
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More ECPD-Accredited Curricula,” 7. Engineering
Education, 56, December 1965.)

It is noteworthy that prior to about 1959 or"1960
the increase in master’s degrees in water quality (or,
for all practical purposes, in sanitary engineering)
was only 3 percent per year compared with the aver-
age for all fields of 11 percent. However, in the 1960
1965 period, the growth increased to double the
average, presumably as a consequence ol increased
need and of federal, state, and industry subvention.

ROLE OF ENVIRONMENTAL ENGINEERS
IN CONSULTING PRACTICE

The term consulting engineering is assumed to mean
the provision of expert assistance to clients (public
and private) for developing solutions to problems
through studies, design, or special investigations and
research. Consulting engineering is actually prac-
ticed by an extremely small proportion of the total
engineering profession, and quite often within a con-
sulting firm only the principals and a limited number
of key staff members actually practice consulting. It
is necessary to realize that the concept of the en-
vironmental engineer whose role in the profession we
are trying to establish is limited to those engineers
having sulfficient background and training to qualify
as experts in a specialty area of environmental engi-
neering {as distinguished from those who might be
classified as straight civil engineers).

An environmental engineer’s role in the consulting
profession is that of solving real problems in a real
world for real clients upon whom he must depend for
real money, This is not meant to discredit the aca-
demic world or those with responsibilities in govern-
mental agencies; but it is important to note that
success in consulting work requires an appreciation
of reality probably to a significantly higher degree
than in other pursuits open to the engineer. A limited
budget imposes stiff requirements for efficient work;
for planning and making periodic evaluations to in-
sure that schedules are being met; for communicat-
ing periodically with the client to be certain that the
product will be receivabie; and for considering all
pertinent factors, including the physical, economic,
political, and aesthetic, which if neglected might re-
sult in voiding an otherwise good product.

The environmental engineer’s wark assignment
may be oriented toward true consulting {i.e., advis-
ing) or toward actually performing a service such as
data collection and analysis, research, process de-
velopment, process engineering, detailed engineering
(i.e., preparing construction drawings and specifica-
tions), project representation during construction,
operation manual preparation and operator training,
feasibility studies (technical and economic), rate

studies, planning studies, systems analyses, environ-
mental criteria studies, and resources management,
The individual engineer may play the role of a spe-
cialty consultant, an administrator, a project man-
ager, a project scientist or engineer, a technical
supervisor, a research technician, a process develop-
ment technician, a process engineer, a detailed de-
sign engineer (i.e., one who selects equipment,
arranges piping and structures, and concerns himself
with many other project details including costs), a
representative on construction, an operations prob-
lem specialist, a specialist on pollution causes and
effects, a system amnalyst, a resources manager, etc.
He frequently plays the role of coordinator; he co-
ordinates the efforts of planners, chemists, biologists,
hydrologists, meteorologists, geologists, otHer scien-
tists, lawyers, financial experts, and other engineers.
This is one of his more important roles.

{

Present Role

Design accounts for almost two-thirds of the con-
sultant’s total present activity, and within the design
category the design of waste disposal or water pollu-
tion contro] works is more common than the design
of water supplies.

There is a definite trend toward greater activity in
making studies and preparing reports and special
investigations. Report preparation will probably
become increasingly important in the consulting
business. Due to the accelerating technology charac-
teristic of the times, problems facing the profession
are becoming increasingly more complex and there-
fore require much more thought and study before an
action program of preparing plans and engaging in
construction can be initiated. It may be said that
environmental engineering practice is gradually
changing from its past nature, wherein the solutions
to problems were generally developed by selecting
and applying fairly standardized methods or systems
on an essentially empirical basis, to a much more
scientific activity involving a careful appraisal of the
basic facts which are being made available through
research. The design activities of consulting firms
show a trend toward thore activity in the preparation
of plans for water pollution and water quality control
facilities with a corresponding decrease in the pro-
portion of time spent on design activities concerned
with water supply facilities. This trend is no doubt
due primarily to the increase in concern of the federal
government over the past decade regarding the main-
tenance of the quality of water resources.

Research activities within consulting firms are in-
creasing. The data on research activities show that
two-thirds of this effort is directed toward prob-
lems of wastewater management. Again, the reason
for this emphasis may be the acute concern for
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these problems that has been shown by the federal
government.

There is a current shortage of expert engineers,
particularly qualified sanitary engineers, created by
the rapid increase in the numbers of technological
problems that exist. However, the role of the consult-
ing profession becomes even more difficult to perform
when this shortage of technically qualified individ-
uals is amplified by an even more severe shortage of
people who are cognizant of and capable of perform-
ing in a realistic manner tasks requiring such non-
technical considerations as client relations, effective
expression in speaking and writing, management,
and appreciation of the importance of political and
economic considerations,

Future Role

There are two definite trends in the role of the en-
vironmental engineer in consulting work: (a) a trend
toward increased activity in all phases of the profes-
sion, and (b) a trend within the profession that shows
increasing activities in studies, report preparation,
and special investigation including research. Water
pollution control and water quality management
have become increasingly important in recent years
because it has become obvious that the available
water resources must be considered to meet the
needs of continuing growth and development. The
acute awareness of this problem has created the
changes occurring today and is the basis for the
trends that seem to be developing. Reclamation of
wastewater {of interest in arid areas)} also adds impe-
tus to the trend toward increased activities in waste-
water and water quality management. Probably the
most important single factor stimulating the further
development of sanitary engineering in the water re-
sources field is growing recognition that problems of
water pollution control (to preserve environmental
values) and of water conservation (to meet the needs
of growth) will oftenn be found in reclamation and
reuse. The problems faced by the consulting engineer
in this area arechallenging and demanding. As the
development of technology progresses, the melding
together of the technical skills involved in tradi-
tiona! water supply engineering and water quaiity-
wastewater engineering are inevitable.

It appears that the future role of the environ-

mental engineer in the consulting profession will bey

one in which he will be required to cope with com-
prehensive and complex problems that combine at
once all the aspects of water quality-wastewater
management, water supply, solid waste disposal,
urban planning and air pollution. As he acquires
experience, the engineer-consultant will be required
to be less of a specialist; and yet the paradox is that
he will, at the same time, be required to be more

technically competent due to the complexities of the
problems he must resolve. More of his efforts will be
directed toward making studies, preparing reports,
and participation in research. This trend, however,
will probably not minimize the refative importance
of the design functions he must perform. The future
role will also require a more acute awareness of the
many interactions with the surrounding environment
that will occur, due to the large and complex nature
of the problems involved. Skill in management tech-
niques will also become more important dueé to the
magnitude of the problems and the need for coordi-
nation of the efforts of different professional disci-
plines. And it must be emphasized that the role
within the confines of the censulting business will
require a realistic knowledge of the functionf, regu-
lations,*and funding of governmental agencies. With-
out this capability even the most technically

competent may fail. .

Future Educational Requirements

Certain deficiencies in the capability of today’s
environmental engineer in the consulting business
are apparent. In view of the role he will play in the
future, certain additional adjustments must be made
in his educational program if he is to cope with his
problems effectively. It is believed that most of the
following suggestions for alteration of existing gradu-
ate curricula will benefit the consulting environ-
mental engineer in either his present or future role.

The first conclusion is that any young engineer
who aspires to a key or leading role in his career
should have a minimum of a master’s degree and
preferably a doctor’s degree. The age of accelerating
technology means simply that in every walk of mod-
ern life the doctorate level of education is becoming a
requirement for professional stature for all but those
few brilliant enough to succeed without advanced
preparation.

From the standpoint of the consulting engineering
profession, doctoral programs in environmental en-
gineering should emphasize a rigorous technical
preparation in the basic and applied sciences to es-
tablish a foundation Tor competence in technical
thinking. In addition, an effort should be made to
prepare the student in several areas:

1. To be competent in expression—in writing
and speaking. This does not mean just a casu-
al course in reports {taught by another engi-
neer not particularly interested nor expert in
this role) but a rigorous course which tran-
scends engineering and focuses on fundamen-
tals of writing as a means of expression.

2. To be aware of the importance of other disci-
plines in the practice of engineering, including
management, economics, sociology, urban and




regional planning, and social and political
science.

3. To be aware that design is important as the
core of engineering practice and that only in
design can concepts be realized. This means
recognition by the academic profession itself
of the role of design and provision in curricula
for imparting design principles to the student.

4. To be sure that the environmental engineer
has a full understanding of systems analysis
and all approaches to the application and co-
ordination of the physical, biological, eco-
nomic, social, and political sciences pertinent
to achieving optimum solutions to problems.

ROLE OF THE ENVIRONMENTAL
ENGINEER IN THE FEDERAL
ESTABLISHMENT

In describing the role of the environmental engi-
neer in the federal government, it may be well to
address the discussion at the outset to the federal role
in environmental engineering. The burgeoning tech-
nical developments, with their follow-on problems,
have had very substantial impact on the several de-
partments of government which have environmental
involvements. The reactions have ranged from the
establishment of defined programs which deal with
one or more environmental medium (and whose gen-
esis may in some cases be traced back to the turn of
the century) to the exhibition of a great deal of un-
certainty as to what the next step should be.

Owver the past several years, one or another seg-
ment of government has conducted studies intended
to describe the metes and bounds of the problems to
be faced in achieving a high degree of environmental
quality. These studies have examined the nature and
scope of the efforts required to carry the guality con-
trol task forward and have also examined the respec-
tive roles of governtment, industry, and the academic
sectors. From these studies a consensus may be de-
rived, although not stated as such. Four principal
work areas are identified or implied which in total
represent a monumental task. These are: (a) the es-
tablishment of quality standards for the environ-
ment, (b) the establishment of an overview or
surveillance system’ to determine standings with
respect to these standards, {c) the creation of a mech-
anism to trigger corrective action when undesirable
encroachments are recognized, and {d) the identi-
fication of a lead agency to coordinate national
efforts in the field.

It is quite obvicus that these tasks will be per-
formed well only if they involve the scientific and
technical capabilities of the country. How then
should they be divided? And of the involved agencies
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in government, which should carry the lead or pri-
mary responsibilities? Such a federal agency should
direct its efforts to the problems and their size, par-
ticipate in the formulation of program and fiscal
policy, plan and direct the federal®programs, plan for
manpower resources, and manage the needed extra-
mural programs. The nature of this federal role and
the extent and nature of nonfederal involvements
will vary, depending upon where in government the
responsibilities reside. This is obvious because of
the differences in the orientation and basic mission
of the several departments. For example, an agency
committed to the support of the educational process,
the support of research, the utilization of the re-
sources of the scientific community at large, and the
operation of a variety of extramural prograins in the
pursuit of national objectives would operate environ-
mental programs within its purview in a different
manner than would ong committed to delense or to
resource development,‘qmportant too ts the question
of the nature of the determinants for action: Are they
based on health or aesthetics or economics, or do we
know enough yet to say? Clearly this is a matter to
be resolved at the highest levels of our government.

The role of the engineer in the environmental field
has an extensive background. Despite the opinions
of some, it is likely that the role of the environmental
engineer will continue to be dominant. This is
because engineering is a common thread in the
multidisciplinary fabric that is required, and the
environmental engineer’s basic training in civil en-
gineering, with its extension into one or more fields
such as chemistry, biology, physics, or other areas
mmportant to the life sciences, provides him with the
needed scientific and technical backgrounds. He thus
is afforded the opportunity for total comprehension
of the problem and the needed programs. That is not
to say that change is not needed, for his future role
will depend upon the quality of his background and
its orientation to the problems of today and the fu-
ture. The public health emphasis given to the field in -
the recent past is still important, but other education
must be provided. To better fit the sanitary engineer
for his special input into the environmental quality
management role (ecOnomics, business administra-
tion, management technology, etc.}, the research role
{(which in general could be more relevant, rather
than building upon old edifices}, and for design pur-
poses (stressing innovation, the application of re-
search, and practice), concentration in one of these
areas should be provided for as well as in the sub-
specialties of his field. A look, too, at the academic
degree-granting function may be desirable, particu-
larly the midcareer types of training leading to pro-
fessional degrees. The latter might provide an
excellent linkage between academia and the practi-
tioner, the programmer, or the policy maker.
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These linkages will be important, for the nature of
the Interface between the educational institutions
and the environmental engineer in the federal estab-
lishment will have much to do with the activities of
and the product of engineering schools.

THE ROLE OF THE ENVIRONMENTAL
ENGINEER IN INDUSTRY

At this time data are not available which will lead
to a conclusive statement relative to the role of en-
vironmental engineers in industry. It i1s recognized
that a number of civil-sanitary engineers, usually
after receiving additional specialized training, are
employed by industry in waste treatment, air pollu-
tion control, industrial hygiene, and radiological
health. This number has been small because most of
the undergraduate and graduate education prior to
the last decade in civil-sanitary engineering was di-
rected to public works and public health engineering.

Today it is recognized that a larger number of pro-
fessionals receiving graduate degrees in environmen-
tal engineering have undergraduate degrees in areas
other than civil engineering, particularly in chemical
and mechanical engineering.

The interest that industry has in the specialist
educated in air or water quality management Is
growing. This interest becomes very apparent when
one studies the number of job offers made by indus-
try to the present graduates of specialized environ-
mental engineering programs. Until a detailed and
long range study is made, it will be impossible to
predict the role of environmental engineering in air
and water quality management in industry. Cer-
tainly the environmental engineer’s input to solving
industry’s in-plant and community-related problems
will continue to grow, but he must be prepared
to compete with the chemical and mechanical
engineers. }

@ ? ;
ROLE OF THE ENVIRONMENTAL
ENGINEER IN INTERNATIONAL AGENCIES

Among the international agencies using significant
numbers of environmental engineers are the United
Nations {its natural resources—economiec, social
and educational components), the World Health
Organization, the Agency for International Develop-
ment, the World and Regional Development Banks,
and the foundations. In the developing countries
themselves there is great variation in the utilization
of environmental engineers. Some of the African and
Asian nations have practically none. Others, like the
major Latin-American countries, are in their second

generation of sanitary-water resources engineers.
They use them extensively and are now training sig-
nificant numbers of civil-sanitary engincers, mostly
at the undergraduate level but increasingly at the
master’s and occasionally the doctdral level.

Perhaps the perplexing aspect of the international
scene with respect to  the developing-country/
sanitary engineering picture is the need to span the
spectrum from basic sanitation to the most invelved
apalysis and planning for the engineering compo-
nents of very large-scale developments. Where major
river basins, for example, are to be the subject of
comprehensive and integrated planning and develop-
ment, the sanitary-water resources engineer must be
prepared to provide his contribution along with those
of other professionals. Some dependence #can be
placed-on external consultation, but this is not a sat-
tisfactory continuing substitute for developing indig-
€Nnous competence.

Of special significanfe is the effect of graduate
education on the role of the environmental engineer
in developing countries. Because of the health sig-
nificance of environmental engineering and its pub-
lic domain aspects, it came to be supported at the
graduate level by foundations and international as-
sistance programs {(IIAA, TCA, AID, WHO,
UNESCO, UNDP, etc.}, often earlier and generally
to a greater extent proportionately than other
branches of engineering. This educational advantage
is showing up markedly in the number of graduate
environmental engineers who are occupying posi-
tions of responsibility as national, state, and muni-
cipal heads of public works, water supply, sewerage,
air and water pollution, industrial hygiene, and pub-
lic health engineering organizations. Moreover, they
are being placed in these positions at an earlier age
than is normal in developed countries. Therelore,
since they have not had as many years to accumulate
through experience the basic preparation for plan-
ning, administration, and management, it is more
important that they have some such preparation in
their graudate education. This poses the double-
headed dilemma of providing both professional
engineering preparation and basic  engineer-
administrator preparadion in some practical com-
bination within some feasible time schedule. It raises
a question regarding the merit of science-oriented
doctoral programs for such individuals.

ROLE OF ENVIRONMENTAL ENGINEERS
IN THE STATE AND LOCAL
HEALTH DEPARTMENTS

For many years some environmental engineers
have worked with physicians and others to control
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communicable diseases caused by bacterial inva-
sions. The fact that many of these invasions are the
result of contaminated air, water, etc., makes it the
proper concern of engineers. Engineering activities
have been typified by the advances made in munici-
pal water supply, in the dispesal of solid and liquid
wastes, and in similar functions. These engineers
have been employed by state and local heaith agen-
cies to perform the role of government in regulating
through the promulgation of standards and other
means and to insure a quality of food and water that
is acceptably safe for the consuming public. The reg-
ulatory function has been primarily exercised by
units of health agencies in the past. The utility ser-
vice function has usually been performed by other
agencies, sometimes established as a utility and
sometimes just performed as a government service.
Industrial hygiene and radiological health are areas
where the role of the environmental engineer at state
and local levels has been primarily one of performing
a regulatory function rather than providing a utility
type of service.

With the growing popular concern for air poliu-
tion, the old smoke abatement programs have taken
on new emphasis as we have become aware of chemi-
cal pollutants in the air as well as the particulate
matter and other products of combustion. As the
emphasis shifted from concern only with combustion
to concern with chemical processes and other sources
of pollution, the environmental engineers who had
been involved in industrial hygiene problems ex-
panded their interests to include air pollution.

What do engineers who work with the environ-
ment do when they are employed by state and local
governmental agencies? Most frequently there is an
investigative function that invelves the identification
of problems through field visitation, engineering sur-
veys, sampling, and the taking of other measure-
ments to evaluate environmental conditions. These
investigations may relate to water treatment plants,
wastewater treatment facilities, manufacturing pro-
cesses that would create safety or industrial hygiene
problems, varlous opgrations that contribute to air
pollution, the facilities which emit ionizing radiation,
food handling and processing establishments, and
the like. If there is a regulatory power, it becomes
necessary for these individuals to institute action to
enforce conformity to official standards. Usually, the
official agency charged with responsibility does not
consider its job to be complete at this point. Many,
in fact most, of these agencies believe that they have
an educational function to perform. Such a function
can involve education of the public as to the nature
and scope of the problem, and it may include the
training of operating personnel and others who by
their actions can prevent many problems from aris-

ing. Because of concern for pollution of the environ-
ment, rather than making heroic efforts to curb
potlution after it has occurred, agencies may require
that new installations be constructed in accordance
with standards. This may require’d plan review func-
tion for evaluating the proposed installation to deter-
mine i it will serve itz intended function. Some
agencies feel it is their duty at this peint to give ad-
vice concerning the types of approaches that have
been successful in the kind of situation under con-
sideration. However, most governmental agéncies are
careful to avoid involvement in the selection of spe-
cific equipment or in the actual design of any partic-
ular installation. Where a plan review function is
performed, it is necessary for the government engi-
neer to be capable of evaluating the design proposed,
and thus he should have had design experience.
Some of the more advanced state and local units feel
that it is desirable for their units to go beyond the
activities indicated and to perform research and
studies to find better solutions to problems conlront-
ing the jurisdiction in which they work.

One area in which the environmental engineer has
been remiss in responding to public need is that of
housing and urban development. In many instances,
the engineer in the health unit responsible for en-
vironment has under his supervision the maintenance
of minimum housing standards. These standards fre-
quenttly relate to the supply of water, plumbing,
disposal of wastewater, handling of refuse, and other
conditions deemed to affect the health of the housing
occupant. While some consideration has been given
to the inhabitants’ psychological needs, such as free-
dom [rom excessive noise and vibration, little atten-
tion has been given to the determination of the basic
sociological and psychological criteria for housing
and for the residential community. There have been,
of course, some standards for minimum occupancy
of housing. However, most cities are considered to
have large areas of housing which are overcrowded
by generally accepted criteria. The criteria in use
today, however, have little basis in scientific fact, and
research needs to be performed to establish rationally
these human needs in the urban community.

In many state agendies and the local agencies serv-
ing large populations, the engineer responsible for
the quality of the environment will supervise exten-
sive staffs composed of many disciplines. The grow-
ing problem of urbanization will lead the sanitary
engineer into closer assoclation with such profes-
sionals as economists, political scientists, lawyers,
and communications engineers, and he will be faced
with the organization and administration of govern-
ment services necessary to bring these diverse com-
petencies to bear on the problem of environmental

health.
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Educational Requirements

State and local agencies, consequently, need . two
types of engineers for environmental activities. One
will be the prolessional engineer who can evaluate
and formulate technical salutions to resolve specific
problems. He must have the capacity to design ade-
quate and safe engineering works (or to review the
designs of others) to prevent or to correct environ-
mental problems. The second kind of professional
will be more of an engineer-administrater or planner.
This position will require leadership in developing a
tota} approach to the planning of an urban industrial
community that is a fit place to live. The individuals
in these positions must participate in community
decision making. They should understand not only
the technical aspect of environmental prablems but
also be aware of and understand the political, social,
and economic aspects.

These requirements of state and :local agencies
have important implications for graduate education.
It is obvious that the ‘“‘reason for being” of an en-
vironmental engineer is the technical expertise he
brings to the solution of problems. Consequently,
any educational plan should have a strong base in
science and engineering principles. The time sched-
ules imposed in most master’s degree programs sug-
gests that the student should concentrate in one of
the areas of environmental concern, e.g., water sup-
ply and water pollution, air pollution, radiological
health, solid waste technelogy, industrial hygiene,
etc. However, to fulfill his responsibility in state and
local government, even the specialist must under-
stand the interrelationships between his field and the
other aspects of the environment. Here again we see
the dilemma of the educator, the conflict of depth in
a specialty versus breadth and knowledge of the re-
lated disciplines.

Inasmuch as the master’s degree is a terminal pro-
fessional degree for most engineers in government,
it is necessary to pravide for those students who have
aspirations in this dirgction a breadth of education
that will enable the sfudent t0 understand and to
cope with the political, social, and econemic factors
associated with the implementation of engineering
solutions. Many solutions of technical validity have
proved unacceptable when subjected to these other
measures of merit. The engineer will be a-leader in
formulation of government policy only to the extent
to which he is able to relate to a total approach ef-
compassing engineering and the physcial, life, and
social sciences.

It is obviously impossible to offer a single one-year
educational program that both creates a technically
competent specialist and a leader-generalist. Here we
believe there are several alternate solutions that will
serve students of different ages, technical proficien-

cies, and interests. For the recent baccalaureate
primed in the science and technology of engineering,
a specialized master’s degree. in water or air re-
sources would best prepare him J}gr service in both
public and private organizations. For the middle
bracket engineer-supervisor, perhaps in his mid-
thirties, a different and much broader curriculum
would be appropriate to prepare him for further ad-
vancement in public health. Here a sort of engineer-
ing equivalent of the MPH might be appropriate, but
with liberal exposure to systems analysis, public ad-
ministration, water resources, and regional and city
planning, along with courses that would provide
some up-dating in his technical spectalty. This ap-
proach should not preclude the young man from an
early start in administration, but in this insfance he
should'be encouraged to enter a graduate program in
public administration in a college other than engi-
neering. A third alternative is, of course, the doctor-
ate, preferably cne focuising on professional practice
and breadth rather than on the scientific aspects of a
particular problem.

CONCLUSIONS

1. Sanitary engineering, as practiced today, has
evolved from the roles of engineers in public
works and public health agencies and in consult-
ing engineering firms. While the field has in-
creased in breadth to a degree that the generic
designation “environmental engineering’ has
been adopted, it has also increased in technical
complexity such that the present-day sanitary
engineer 1s, for all practical purposes, a water
quality engineer. Only the more senior administra-
tors oversee the environmental field, which is
experiencing a heavy influx of water, air, radio-
logical, and other specialists from all the scien-
tific disciplines as well as from engineering and
the social sciences. It is becoming increasingly
evident that other engineers, especially the
chemical engineer, will have ever more signifi-
cant roles in all fields of environmental engineer-
ing, especially in* the sanitary-water quality
management {ield and in air pollution control.

2. The role of the engineering educator is to pre-
pare engineers and scientists for careers in envi-
ronmental engineering and science. The engi-
neers must be capable of resolving today’s crises
and of recognizing tomorrow’s problems. Some,
in fact the majority of the engineers, should be
educated as specialists by curricula strong in the
discipline of science yet focusing on the real
world of engineering such that the student is
made aware of his role as a doer. Several cur-
ricula will be needed to meet these objectives,
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and great care should be exercised in designing
these to treat the real rather than the imagined
and to serve the needs of the student rather than
the interests of the professor. Here the advice of
the practitioner should be sought and taken. We
should avoid the ephemeral and the expedient,
while seeking the innovative and the new. The
educator is also a researcher, and through his
research he also educates the doctoral student.
Here an effective compromise must be found be-
tween the educator’s often very specialized in-
terests and the student’s career in engineering.

. The environmental engineer has a role in indus-

try. As a water quality or sanitary engineer he
must be prepared to cope with industry’s spe-
cialized needs for process water and for waste-
water disposal facilities, and he must acquire
these capabilities with the aid of educational
programs that take cognizance of his early aca-
demic background in one of the several fields of
engineering, especially chemical and civil. As an
air pollution or industrial hygiene specialist he
must be prepared in the sciences and advanced
technologies pertinent to the practicing of these
professions. Finally, some engincers in industry
will aspire to administrative roles, and if success-
ful will function across the broad spectrum of en-
vironmental engineering.

. The civil-sanitary engineer is the principal con-

sultant to municipalities, and this important
interface with public works and urban develop-
ment should not be overlooked in our educa-
tional planning. Although here the major
problems in the environmental engineer’s realm
of competence will remain largely with water
and wastewater or sanitary engineering, great
opportunities exist in the broader areas of plan-
ning and administration as well as in the air re-
sources specialty. It is believed that profitable

;5 joint educatienal ventures should be developed

with other [ields ofgicivi] engineering, particularly
those of transportation and building design, with
the purpose of creating the urban environmental
engineer, i.e., the municipal engineer.

. The present role of the environmental engineer

in consulting engineering, especially one having
a civil engineering background, is primarily
that of a sanitary engineer who investigate¥
water and wastewater problems and who pre-
pares the reports and facility designs comprising
these solutions. To some extent in recent years
the sanitary engineering consultant’s role has
expanded to encompass the broader area of en-
vironmental engineering, and without doubt
opportunities are developing in the solid waste,
air pollution, and urban planning fields. It is

believed that a trend exists toward increased ac-
tivity in report preparation and research, espe-
cially in the waste management fields (air, water,
solid}, but design and supervision of construction
remains as the most remunerative aspect of con-
sulting. A common ‘criticism of academic pro-
grams is their lack of emphasis on the tasks of
the consultant, especially report preparation
and design.

. Clonsiderable confusion exists with regazd to the

differences and similarities of the terms saniiary
engineering, environmental engineering, and water re-
sources engtneering. 1t has been established by
EEIB and proposed herein that environmental
engineering be a generic term which gncludes
sapitary engineering and that this latter term
implies principally water quality engineering.
Here we should emphasize that sanitary engi-
neering, like publicthealth engineering, will con-
tinue to connote the breadth of environmental
engineering, but this situation should not deter
us from more precise definitions where they are
necessary for clear communication. Water re-
sources engineering has come to have a generic
significance somewhat akin to environmental
engineering but restricted to the water sector of
the environment. The principal engineering par-
ticipants in water resources are the hydraulic
engineer-hydrologist and the sanitary-water qual-
ity engineer. Implied also in the term waler re-
seurces are a vast array ol physical, biological,
and social science disciplines that impinge on all
socio-technical problems of our society. Clearty,
systems analysis is playing an ever-increasing
role in water resources, as it is in resolving all
major environmental problems, but it should be
viewed more as one of the disciplines than the
field itself.

Environmental engineers who are employed by
public health agencies may be expected to prac-
tice their profession in greater breadth at an
earlier age, especially in the lower echelons of
government. The engineer in the lower echelons
of government most frequently becomes engaged
in investigative functions that involve the identi-
fication of public preblems through field visita-
tion, engineering surveys, sampling, and the
taking of other measurements to evaluate the en-
vironmental conditions. These investigations
may relate to water treatment plants, wastewater
treatment facilities, solid waste disposal opera-
tions, manufacturing processes that would create
safety or industrial hygiene problems, various
operations that contribute to air pollution, the
facilities which emit ionizing radiation, food
handling and processing establishments, and the
like,
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In the international sector, especially at the Consequently, engineering students who hope to
policy-making levels, a high degrée of maturity work for health agencies may find it desirable to
and breadth of scientific, engineering, and intel- - take course work in public administration, epi-
lectual strength are impertant requisites to the demiology air pollution contgol, vector control,
practice of environmental engineering. solid waste management, and municipal finance.

e




II. SCOPE OF ENVIRONMENTAL ENGINEERING

Over the past decade such traditional fields as
those dealing with water supply, water pollution con-
trol, industrial hygiene, radiation safety, housing hy-
giene, vector control, good protection, air pollution
control, and solid wastes disposal have experienced
great expansion. To these must now be added such
new areas as urban environmental health planning,
regional development, transportation, injury preven-
tion, and closed environmental systems. An overrid-
ing concern is resulting from recognition of the
interrelatedness of the elements of man’s environ-
ment. It becomes ever more apparent that successful,
effective management of that environment depends
upan a keener understanding and an accomodation
to this interrelatedness.

The engineer conducts activities for the improve-
ment, control and management of man’s environ-
ment for his health and well-being. The scope,
magnitude, and complexity of these activities has
broadened immeasurably over the past few years.
Improvement in engineering practices, particularly
over the past decade or two, enables the engineer to
do a much better job of planning and conducting
research and development activities. Society’s grow-
ing awareness of the importance of effective environ-
mental quality mandgement has intensified his
action programs. The nature of such programs has
had great impact not only on his technical activities
but on his economic, behavioral, social and legal
activities as well. His ever-growing use of sophisti-
cated systems analysis techniques makes it possible
for him to compare alternate strategies with respect
to relative costs and effectiveness.

Expansion in the number of areas of concern is
more than matched by the greatly enlarged scope of
activities now being conducted by the environmental
engineer, Problem identification and quantification;
design and operation of environmental surveillance
systems; establishment of environmental quality
standards; design, development, and application of
control systerms represént some of the activities car-
ried out in the public and private sectors of our
domestic economy as well as in universities and in-
ternational agencies.

Traditional research, training, and program oper-
ation activities have become exceedingly complex.
The environmental engineer has carried out his ac-
tivities as a member of a multidisciplinary team on
which chemists, biologists, microbiologists and
physicians were members. His graduate education
enabled him to communicate with his tearmn members
and to work effectively with them. The tremendous
growth of environmental health problems and the
demands of society for their clucidation and control
have had great impact on activities carried out by
the environmental engineer. More and more he has
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become the manager of the envirenment. He has
greatly expanded his team and his activities. The
opinion was expressed that the environmental engi-
neer must be able to work effectivéTy as a member of
a multidisciplinary team.assigned to solve a specific
health problem. The question was asked: Is he fitted
by his training to be the leader of such a team? His
training should, in fact, enable him to make a unique
contribution to the team, because he would bring to
the team a comprehensive understanding of the
problem. This might then give him special qualifica-
tions to become the team leader. However, it was
thought that factors of personality, intelligence, and
drive would determine the team’s leader, not his pro-
fessional qualifications. It was felt that the ‘environ-
mental engineer should seek to do what he is best
qualified to do. He should in this sense be satisfied
to be a specialist on the jeam.

Computer science, ifformation systems, systems
analysis, operations analysis, and simulation models
have become essential to the environmental engineer
in the conduct of his activities. The nature and com-
plexity of these activities together with the increas-
ingly important role that society itsell must play in
attaining and preserving a healthful environment
explain the social activities in which the environmen-
tal engineer finds himseif ever more deeply involved.

The activities of environmental engineers include:

1. Anticipation of the probable effects of pro-
posed actions specifically designed to modify
man’s living environment, evaluation of pro-
posed urban and regional development plans
in terms of man’s health, and perception of the
possible effects of programs of environmental
change which in themselves are not directly
refated to man’s health.

2. The planning, organization and conduct of
programs dealing with fundamental relation-
ships between the phases of the environment
and man’s physical and emotional health.
These activities require the engineer to bhe
involved in decision-making processes at all
levels and to work with a variety of practi-
tioners from other professional fields, not only
physical and biological scientists, but social
scientists, lawyers, political scientists, and
planners as well.

3. Management of programs including cost-
effectiveness analysis, economics and the
budgeting process, and the employment of
systems analysis in developing optimally bal-
anced programs. Discussion at the conference
stressed the point that the environmental en-
gineer should be familiar with program man-
agement processes. This includes knowledge
of: (a) decision-making processes as a vital
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phase in acceptance of a program; {b) systems
analysis in the design of optimaily-balanced
programs; (c) budgeting process at federal,
state and local levels; and {d) legislative pro-
cesses including steps in the preparation and
handling of desirable legislation. Further, it
was brought out that these processes can be
made tangible and meaningful through use of
the internship mechanism, that is, through
work experience in urban areas planned as
part of the educational process.

4. Study of land use, urban rehabilitation and
urban planning, all of which have grown in
importance in their relationship to the quality
of environment and man’s health. In addition
to the ongoing activities in these areas of con-
cern, the environmental engineer must be ac-
tive in the design and conduct of studies
proposed for so called demonstration or exper-
imental cities. In this regard, it was suggested
that the environmental engineer should deter-
mine what his special role should be with
respect to urban environmental problems in-
volving social and psychological stresses. Does
he accept a responsibility in this area of
health protection? In this connection, the
recommendations in the Linton Committee
Report concerning the role of the ecologist
were described. A question was implied in the
discussion: Is the ecologist a new breed of
environmental health worker, or is this term
synonymous with the environmental engi-
neer’s concept of his own role in health
protection?

5. Deepened recognition of the interrelationship
of environmental media such as air, water,
land. This multiphased envirenment and the
integrated, simultaneous impact of all environ-
mental stresses upon man’s health, have led
the engineer to a constantly increasing use of
systems analysls for determination of an opti-
mum pr&)cedureﬁfor achieving a desired quality
of environment.}

This brief review of activities is intended to point
toward the problems of the future rather than the
past; our educational objectives must look forward
rather than backward. We recognize that decision
time spans have been greatly narrowed, that modern
communications media have heightened public
awareness, that new management knowledge and
techniques have come into being, and that tech-
nological innovations are developing constantly, The
view was expressed that formal educational pro-
grams should motivate the student to make the edu-
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cational process a continuing one, in fact, a life-long
one. Beyond the fundamentals, programs should be
felxible and designed to enable the graduate to adapt
readily and efficiently to a wide spectrum of career
opportunities. It was stated that fésearch experience
could be valuable heyond the immediate objective of
the research in that it would enable the graduate to
deal with challenges more effectively.

While all these factors affect our academic pro-
grams for environmental engineers, the plight of the
practicing professionals presents a different plcture
A critical challenge to environmental engineering
educators is presented by the need to design and con-
duct educational activities that will bring and keep
practicing professionals abreast of the times.

Discussion during the Conference brought forth
sharp differences regarding the meaning of the term
environmental  engineering and whether this was a
branch of engineering in the sense that electrical or
civil or sanitary engineéring are branches. As noted
elsewhere in this report, in the final session of the
Conference it was agreed that environmental engi-
neering was a generic term covering the specialty
area of sanitary engineering as well as the engineer-
ing aspects of air, industrial hygiene, and radiation
management. However, during the final session the
Conference also accepted the following definition:

“Environmental engineering is that branch
of engineering that involves the application of
scientific principles to the prevention, control
and management of environmental f{actors
that may influence the physical and emotional
health of man and his well-being.”’

Rather than attempt to resclve what may be only a
question of semantics, it is evident from the report
of the Committee on Scope of Environmental Engi-
neering that whether a branch, a field, or a universe,
environmental engineering is interdisciplinary in
character and concerned with all of the preoblems
faced by man in an industrialized society. Although
the concept of environmental engineering may have
had its origin in public health engineering, it is
becoming ever more apparent that our public health
organizations are far too limited an institutional
base from which to manage the environment of the
future. The recently enlarged functions of the De-
partment of the Interior and the establishment of the
Department of Housing and Urban Development are
clear evidence of our growing national concern for
the quality of man’s environment. Its effective man-
agement must involve the services of many of the
traditional engineering professions as well as the
social, biological, and physical sciences.




II1.

CHEMISTRY IN ENVIR@NMENTAL

ENGINEERING CURRICULA

o

In attempting to identify the chemistry needs of
environmental engineering curricula at the graduate
level, one must first ask the nature and purpose of
these curricula and the origin and backgrounds of
the entering students. In the closing session of the
Conference four ' principal specialty areas were
agreed upon: (a) sanitary engineering, (b) industrial
hygiene engineering, (c) air pollution control engi-
neering, and {(d) radiation and hazard control engi-
neering. At the master’s level it is reasonable to
assume that graduate education is to be structured
such that individuals of diverse backgrounds will be
given the tools to practice professionally within each
specialty. Although the sanitary engineering desig-
nation will prebably continue to carry the implica-
tion of breadth in environmental management, it is
also evident that this term applies specifically to
individuals concerned with water and wastewater
quality and perhaps to those in solid waste manage-
ment. Moreover, in many organizations the term
public health engineer will also continue to designate
the broadly concerned enginecer-administrator re-
sponsible in varying  degrees for all aspects of
environmental management, from rural sanitation
and vector control to water supply development and
hospital design. Further, recognizing that carricula
in various schools have evolved to meet local needs
or the requirements of some portion of the national
problem, it is evident that no single formula can be
devised to design the chemistry courses of all gradu-
ate programs. Rather, these must be established on
an individual basis.

Several additional problems should be recognized
before one attempts to set forth the particulars ol the
chemistry courses for environmental engineering
curricula. A majority of the students entering the
sanitary engineering.curriculum are civil engineering
graduates with only freshman level preparatlon n
chemistry genesally completed four to six or more
years earlier. gl_@_dywt_h.mcﬂ#tm;l_nts are_not .pre-

: s _1n chemistry, but
lirst course one de-

'thelr specific engineering n There is a question
as to who should teach the chcmlstry courses—a
chemist on the environmental engineering faculty o
a sanitary engineer with a doctoral minor in chemis-
try; or whether suitable courses in the chemistry de-
partment be sought. Ideally the teacher should
probably be a chemist in the environmental program
and particularly one cognizant of the engineer’s
needs. Practically, this question must be resolved
within the limitations and resources available at each
institution.
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In an effort to place some reasapable limits on its
assignment, the Committee on Chemistry directed
its attention to the chemistry needs for three degree
situations:(a) the master’s degree in environmental
engineering f{or the individual principally interested
in water and with a background in civil engineering;
(b) the master’s degree in environmental chemistry
where the undergraduate’s background was in chem-
istry; and {c} the doctoral degree in engineering for
the student from engineering with a major interest
and dissertation problem concerned with chemistry.

The Committee recognized wide degrees of vari-
ability of freshman chemistry courses but assumed
that the graduate civil engineer would have had a
minimum of six semester hours of freshman chem-
istry. This should be a prerequisite for entering the
first chemistry course ‘in the graduate program.
More than six semester hours of chemistry at the
undergraduate level would, of course, be highly de-
sirable but not a practical requirement under today’s
circumstances. The candidate may also have had
some exposure to chemical calculations in senior or
concurrent graduate courses concerned with process
theory and design.

MASTER’S CURRICULA IN
ENVIRONMENTAL ENGINEERING

the introductory chemistry course which should be

; taken by engineers in all of the master’s level envi-

ronmental engineering curricula was the understand-

_ing of the fundamental concepts of chemical theory..

It was believed that most of the chemistry offered in
our present programs fails to meet this goal and that
considerable upgrading is needed. In setting forth the
guidelines for an introductory course, the Committee
recognized that the primary orientation was toward
water and wastcwater problems, but it also noted
that the chemical principles of aqueous systems
apply to all areas of the environment including the
air. Chemistry courses beyond the initial course may
focus on the specific interests of individual institu-
tions and may, for example, deal with atmospheric or
air process chemistry in situations where a curricu-
lum in air pollution control is offered. A general out-
line ol the introductory ,{mmzp[m course ig given in
Table IV.

The heart of the introductory course 1s equilibria

and kinetics or essentially physical chemistry. The
course should be of at least three semester hours and
designed for civil engineering graduates with no
chemistry beyond their freshman year. It should not

It was agreed that the principal teaching goal of

A



CHEMISTRY IN ENVIRONMENTAL ENGINEERING CURRICULA 17

TABLE IV
PRINCIPLES OF WATER AND
WASTE CHEMISTRY -
{3 semester hours)

A. REVIEW OF CHEMISTRY
FUNDAMENTALS
Molecular Structure
Nature of Bonding
Radioactive Decay
Chemical Combinations
Stoichiometry
Calculations
Units of Expression

B. CHEMICAL THERMODYNAMICS
Heat of Reaction and Enthalpy Changes
Entropy
Free fnergy Function and Equilibria
Fugacity and Activity

C. CHEMICAL EQUILIBRIA
Phase Equilibria
Solution Theory
Reaction Equilibria -
lonic Equilibria
Electrochemistry

D. KINETICS
Reaction Orders
Theory ol Reaction Rate
Mechanisms

E. SURFACE AND COLLOID CHEMISTRY

be taken by graduates in chemical engineering or
chemistry.

The Commirtee suggested that a second course of
at least three semester hours be offered dealing
with the application of concepts of chemistry to
water and wastewater treatment or to air resources,
depending on the nature of the master’s curriculum.
The general congeﬂ‘t of this course is shown in Table
V. Such a course is ag much process cngineering as
it is the appli c\tmns‘of chemistry. Thus, in a first-
class academic program where the engineering stalf
is adequately versed in the unit operations and pro-
cesses of water and wastewater treatment, essentially
all of the topics listed in Table V would be presented
by the engineering faculty following preparation in
the fundamentals by the faculty chemist. On the
other hand, recognizing that the faculty chemist’in
an environmental engineering program is an applied
scientist and thus in many respects concerned with
engineering, it would seem quite appropriate for such
a course to be offered jointly by several faculty and
be designated a unit process course.

Such topics as disinfection and biodegradation
involve biological and engineering principles as well

as water chemistry, and the student should undoubt-
edly be exposed to some fundamental biclogy before
studying the application of biological principles to
such systems. Here also, the student should prob-
ably have received some preparation in organic and
biochemistry. The Committee on Qhemxslry recom-
mended that these subjects be included in the biol-
ogy and process cngineering courses, noting that in
sufficient time was available in master’s curriculum
to offer formal course work in both physical and
organic-biochemistry. The Committee assumed that
seven semester hours was the limit available for
chemistiry. Another possible approach that would
allow the incluSion of ‘rganic “chemistry and some
blO(,hﬂCmIStI‘y would be to follow the three émester—
hour mtroductory course with two or thre

organic- blochem:stry and parallel these_ with, one or
“two hours of laboratery, for a total of seven semester
Houis. To this scheme the applied chermstry course
(¢TI Table V) would bef'presented as an engineering

oriented process course and could be a joint ellort
of chemists and sanitary engineers.

TABLE V
CONCEPTS OF CHEMISTRY APPLIED
TO WATER AND WASTE PROCESSES*
(3 semester hours)

Coagulation, Softening, and Precipitation

Absorption

Ton Exchange

Membrane Techniques

Disullation

Chemical Oxidation

Disinfection

Corrosion Control

Aerobic Biodegradation

Anaerobic Biodegradation

*This course could be designated as Process Engineering or Unit
Processes and Operations.

The third course offering in the chemistry se-
quence for the master’s level of environmental
engineering should be concerned with laboratory
demonstrations of the chemical concepts and prin-
ciples. It should require one or two semester hours,
either in a single course or in a two-course sequence,
and should place emphasis on the elucidation of the
principles discussed in the lecture courses. The Com-
mittee emphasized that the laboratory should not
consist of training in the performance of routine tests
as it 13 not the purpose to prepare engincers as
analytical specialists or laboratory technicians. On
the other hand, much chemistry can be taught
during the performance of the standard analyses,
providing proper instruction is offered in conjunc-
tion with the laboratory.
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The proposed seven semester hours of chemistry
comprises about 25 percent of the one-year (two-
semester} master’s program in one of the specialty
areas of environmental engineering. The courses
described are principally for the sanitary engineer
concerned with water quality, and obviously some
changes would be required for curricula in air pollu-
tion control or industrial hygiene. Of the seven
semester hours, it was the consensus that three
should be devoted mainly to the principles of phys-
ical chemistry and that one or two should be given to
laboratory work. The remaining two or three hours
might be used for an introductory course in organic
and biochemistry, or, as originally proposed by the
Committee, for a course in applications of chemical
concepts and principles or what might better be
termed process engineering. Seven semester hours of
chemistry is small indeed; therefore, it would
probably be preferable to offer a two-hour course in
organic chemnistry and biochemistry and leave to the
engineering portion of the curriculum the problem of
process applications of chernistry.

DOCTORAL CURRICULA IN
ENVIRONMENTAL ENGINEERING

At the doctoral level of education in water, air, or
industrial hygiene, more than ample opportunity is
alforded for preparation in depth in chemistry and
chemical engineering. Generally the student entering
the engineering doctoral program has completed the
master’s program in sanitary engineering {or in air
pollution control engincering) or may hold the bac-
calaureate and master’s degrees in chemical engin-
eering. For these students, and particularly for the
civil-sanitary engineer choosing a chemistry-oriented
dissertation, a 9- to 12-semester-hour chemistry
minor taken in the chemistry or other appropriate
department would be desirable. Such a minor,
coupied with a similar sequence of courses in chem-
ical engineering, will lead to chemical process re-
search of a truly docteral caliber. The chemistry
courses might include selections [rom surface and
colloid chemistry, chemical thermodynamics, phys-
ical chemistry, organic and biochemistry, and
radiochemistry.

At this juncture one might question why an indi-
vidual who is basically a civil engineer would chooses,
to specialize at the doctoral level in a chemistry-
oriented aspect of water and waste water treatment
or in the chemistry of natural systems. In reply we
might observe that even at the doctoral level the civil
engineer choosing to become a specialist in process
theory and development will have been exposed, as
proposed above, to no more formal chemistry and
process course work than the typical B.S. graduate

in chemical engineering. He has become a process
specialist only in the context of water and waste-
water engincering. Another answer might be even
simplier; if the engincer wishes to, make a contribu-
tion to the application of chemistry, he must be
prepared in depth in the relevant fundamentals of
chemistry. The same would undoubtedly be true in
biology or the mechanics of fluids.

MASTER’S CURRICULA IN
ENVIRONMENTAL CHEMISTRY "

It is generally agreed that a role exists for the
formally educated chemist in the environmental
sciences as represented by the four professional spe-
cialty areas noted earlier. Thus, the princip#l func-
tion of a graduate curriculum in environmental
chemistry should be to bridge the gap between chem-
istry theory and chemistry applications in engineer-
ing processes and systerns. In order to further the
chemistry education of students entering this pro-
gram, the Committee recommended that nine
semester hours of course work be completed from one
or more of five advanced chemistry subject areas:
(a) advanced analytical chemistry, (b) surface and
colloid chemistry, (¢} advanced physical or advanced
inorganic chemistry, {d} advanced organic or bio-
chemistry, and (e} radiochemistry. The remainder
of the curriculum should permit the chemist to be-
come familiar with the engineering and biological
aspects of his chosen area of the environmental
sciences (e.g., air, waler, etc.). This could also in-
clude such diverse subjects as fluid mechanics, com-
puter sciences, epidemiology, and perhaps even
water pollution and public health administration,
the choice depending on his interests and the sub-
jects available at his institution.

CONCLUSION

The Committee on Chemistry emphasizes that
environmental engineering and science programs at
different institutions will have difierent objectives
and must accommodate their courses in chemistry
to these objectives and>to the local coenstraints of
departmental organization, budget, personnel, etc.
It is believed that every effort should be made to
utilize chemistry department offerings but that,
where the situation permits, it will also be desirable
to develop some capability in chemistry within the
environmental engineering and science program.
Without question, the environmental engineer
should receive substantial formal instruction in
chemistry during his initial graduate year and this
should be further developed at the doctoral level
where his interest and dissertation impinge on
chemical sciences.




IV. BIOLOGY IN ENVIRONMENTAL
ENGINEERING CURRICULA

The objective of environmental and sanitary engi-
neering is to perpetuate or create environmental
optima for maintaining human health and social and
economic well-being and, in doing so, to protect the
quality of our natural resources. In order to accom-
plish this it is essential that detrimental distortions
of the environment be controlled, reduced, or elim-
inated. Thus the environmental engineer is required
to understand complex ecological interrelationships.
It is noteworthy that only when environmental dis-
tortions interact with the living systems are they of
significance to man. They must be examined within
the context of the biosphere, and in order to be
properly equipped lor an understanding of his exten-
sive role, the engineer needs to be familiar with, and
have an understanding of, biological forms and func-
tions ranging in complexity from the submicroscopic
up to man himself, as well as the interactions of
living systems with their environments.

The objectives of this report are: (a) to indicate
what a student aspiring to the master’s degree in
one of the specialty areas of environmental engincer-
ing should know about biology so as to have some
degree of understanding of living organisms and an
awareness of their importance in nature and in
environmental engineering processes, and (b} to dis-
cuss how biologists may be educated in such a pro-
gram in order to provide highly qualified scientists,
with an understanding of environmental engineering
problems and practices, for defining and developing
an understanding of biological processes important
in this field.

EDUCATION OF ENVIRONMENTAL
ENGINEERS

Engineers in graduate environmental engincering
programs leading to,the master’s degree should
receive sufficient edugation in biology to provide
them with an understanding of the basic concepts
and a working knowledge of biology. This may be
best achieved within a framework of ecology, be-
cause study of this broad field can serve as a unifying
or integrating approach for the engineer. The
ecological approach to biology, emphasizing environ-
mental biology, offers more utility than an approach
based entirely on holistic or molecular biology. The
need for education in biology is recognized in con-
sidering the activities of the environmental engineer,
e.g., identilication of environmental problems,
organization and implementation of surveillance
programs, evaluation of environmental quality stan-
dards, etc. The depth of education in biology should

he sufficient to meet this need. Recognizing the role
of biclogists in the field, engineers;should have ade-
quate knowledge of biclogy to communicate effec-
tively with biologists and to make possible the team
approach to solving environmental problems.

The problem of providing a program of study in
the biological sciences that will equip engineers for
work in the several areas of environmental engineer-
ing remains one of conflict between the limits of time
in a one-year master’s program and the increasing
complexity of the problems to be resolved. It is highly
desirable for those students who continue their
studies for the doctorate to obtain more edugation in
biology, especially when their dissertations and other
interests impinge on biology. This is best achieved
through the completion of a substantial minor of
course work taken in a iology department.

In the case of biology, as well as in chemistry,
undergraduate preparation continues to be inade-
quate to allow for rapid development in the more
specialized areas that would help the engineer with
his applied problems. In accepting the challenge to
develop a cirriculum at the master’s level for the
engineer, the subdivisions of biology that are gen-
erally recognized as essential to an understanding of
biological principles have been reclassified into the
major essential components. These divisions are:
{a) the nature of living organisms, (b) ecology, (c}
biochemistry and molecular biclogy, and (d) public
health microbiology.

It should be stressed that whenever and wherever
possible the quantitative aspects of biology should be
emphasized in order to integrate biological princi-
ples into the mathematical models used in engineer-
ing analysis and design.

Biology in the Muaster’s Programs

The major problem with the biological portion of
graduate education in environmental engineering in
the past has not been that the sanitary engineer did
not learn any biology, but that he often did not
realize how little he had learned. As a practical
matter, the time available in a one-year master’s
degree program for biology is usually 10 to 20 per-
cent of the iotal course work (two courses out of ten
to fifteen). With this time limitation, the engineer
cannot expect 10 become a proficient biologist. The
objective ol biology in the engineering curricula is to
give the engineer an introduction to biclogical ter-
minology and an awareness of biological concepts
and methodology, so that he can understand the
biological literature and make the most of his asso-
clations with biologists.
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Recognizing the time and content constraints, the
committee agreed that biological education for en-
vironmental engineers should consist of a core course
in biology common to all programs and a second
course emphasizing btology but concerned with the
student’s area of specialization, i.e., air, water,
industrial hygiene, etc.

The core course should be designed with several
considerations in mind. It should emphasize princi-
ples having direct application in the several areas of
environmental engineering and should use specific
examples drawn from these areas. (On the other
hand, it should stress the specialty area of the stu-
dent in programs concerned entirely with a single
specialty. It should cover biology broadly enough to
serve as a basis for additional courses in several of the
major subdivisions of the biological sciences. Because
many schools will have the basic course organized
and taught in an engineering department, it should
be sufficiently different from other biclogy courses
and sufficiently advanced to be accepted by a grad-
uate school curriculum commiitee. This may be
achieved by placing greater than normal emphasis on
the analytical or quantitative aspects and to make
use of the mathematical methods in which the engi-
neering student is prepared.

The second biology course in the master’s curric-
ula would probably be selected from the following,
according to the student’s field of specialization: (a)
biology of unit processes, (b) biology associated with
water quality and pollution, (c) public health micro-
biology, and (d) applied physiology and toxicology.
In most schools the biology of unit processes will
probably be taught by an enginecr, with emphasis on
the process kinetics and biochemistry rather than on
biotogy per se, but the other courses on the list will
most likely be taught by a biologist. It should again
be emphasized that this two-course plan is a bare
minimum and that all graduate students in environ-
mental engineering master’s programs should be
encouraged to take additional biology courses as
electives. : :

Within the ape-year: program of study leading to
the master’s degree, the biology to be presented in
the core course will require at least three semester
credit hours to enable the student to proceed along
the directions indicated. The content of such a course
should include the following:

&

CORE COURSE IN BIOLOGY

I. The Cell
A. Morphological Characteristics and Organ-
ization '

B. Cellular Organization
1. Colonies

2. Metazoans
a. Organ systems
b. Specialized structures
3. Taxonomic relationships
C. Biochemical Evolution of the Cell
D. Biochemical Functions
1. Enzymes ’
2. Energy sources and transformations
a. Heterotrophy
(1) Aerobic
Pathways of fat, protein and carbo-
hydrate oxidation
{2) Anaerobic
Hydrolysis, alcohol and acid fer-
mentations, methane ferrmentation
b. Autotrophy #
. {1} Chemosynthetic
{2) Photosynthetic
3. Conservation and transfer of energy in
biological sydtems
E. Molecular Biotogy

1. Ecology—Inieraction of QOrganisms and Their
Environment
A. Concept of Ecosystem
1. Trophic structures
2. Biogeochemical cycles, C, N, P, §
a. Role of microorganisms and relation-
ships to organic degradation
3. Food chains
a. Encrgyexchange and flow in ecosystems
b. Productivity
(1)} Physical limits
(2) Biological limits
4. Kinetics of synthesis and growth
B. Freshwater, Marine, and Terrestrial Habitats
C. Public Health Biology
1. Discases of man, water and food pathogens
2. Clean and polluted water biology
3. Aerobiology
a. Pathogenic microorganisms
b. Allergins
¢. Toxic materials
The degree of emphasis or development of particu-
lar topics will dependl upon the orientation and
availability of the subsequent courses in the sug-
gested pattern of development in environmental
biology. If, for example, strong courses in the biology
of natural systems were available on campus, time
given to this subject in the core course could be mini-
mized, but not eliminated because those students
limited fo the two-course sequence might not have
the oppotrunity for further biology. If the biology
core course were to be the only environmenial biology
in a master’s program, then it should be developed
into a five- or six-semester-credit-hour course.
For the engineer with little or no prior education in
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biology, it is important that the core course introduce
him to the living materials that he will need to deal
with and understand. Laboratories and laboragory
exercises could best be organized in two phases, the
first associated with the study of the cell and cellular
organizations and the second with the presentations
in ecology. The time allocations to the two divisions
of the core course are suggested to be approximately
60 percent to Part I, The Cell, and 40 percent to
Part I, Ecology. However, this ratio could very well
be reversed, depending upon the courses subse-
quently offered and the particular emphasis of the
specific department. The proportion of the coursc
effort devoted to laboratory might be two lectures
and one laboratory per week for a three-semester-
hour course or three lectures and one laboratory for a
four hour course.

The above discussion of course work in bioclogy is
most particularly directed toward the sanitary engi-
neer and has the traditional emphasis on study
relating to the aquatic environment. It should be
recognized, however, that it is possible to indicate
the significance of biology in other areas, such as air
resources engineering and solid waste disposal, by
making specific reference to these areas while, at the
same time, discussing the fundamentals of biology.
Depending upon the particular nature of the environ-
mental engineering graduate program, the direction
of both the core and other course material might be
related more closely to the needs of students oriented
toward air resources engineering or solid waste
disposal.

The mechanics of offering the core course in
biology will depend upon the administrative struc-
ture of the university as well as the instructional
talent and resources available. There are several
possibilities. The course may be offered by: (a} a
graduate biologist having a background in environ-
mental science and serving as a member of the fac-
uity in an engineering department, (b} a biologist
with or without a background in the environmental
sciences and located in a bioclogy department, and
(c) an engineey havinj‘g a background in biology
through formal prepardtion in biology 1n a doctoral
program. Whichever mechanism is appropriate to
the university, it is desirable that there he an articu-
lation of biological concepts with the area of special-
ization of the graduate program. In the final analysis
it is desirable that the core biology course be pre-
sented by a biologist active in both his own discipline
and in the environmental sciences. This is also true
for the second course in biology, although here the
biologist and engineer might collaborate to present
such subjects as water pollution biology or the
kinetics of biological systems. As many of these
topics may also be discussed in treatment process or
pollution control courses, it is important that close

liaison be maintained between the ehgineer and biol-
ogist laculty members. Auditing each other’s courses
can prove useful and even enlightening.

Biology in the Doctoral Programs p

Although the Committee on Biology did not con-
sider the specific question ol biclogical science for
engineering students pursuing doctoral programs in
environmental engineering, this matter was dis-
cussed at the Conference, and it seems appropriate to
consider it briefly in this report. At the doctoral
level the engineer has two reasons for secking further
preparation in the lHe sciences. First, he may wish to
acquire a breadth and depth of understanding of
biological systems beyond that possible, {for example,
in the proposed two-course sequence suggeSted for
the master’s program. Second, he may need addi-
tional biology to conduct his dissertation research at
alevel and in a manner gommensurate with the work
of biologists on paraileliproblems. This is especially
true if the thesis deals with a biological treatment
process or with some biological aspect of stream or
lake pollution. It cannot be overemphasized that the
application of biology to engineering systems by the
engineer requires that he know the biological
sciences on which his system depends and that he
appreciate the moedern techniques of handiing bio-
logical material.

It is believed that this additional background in
biology is best obtained through course work in one
or more of the life science departments and, if at all
possible, through a formal minor. Here it should be
recognized that the engineer may be venturing into a
foreign territory, and his lack of background may
create a problem. Good counsel, especially by a
biologist on the environmental engineering staff, and
reasonable requirements can overcome much of this
difficulty. Here it is best that the minor requirements
be established and administered within engineering.

EDUCATION OF BIOLOGISTS IN
ENVIRONMENTAL ENGINEERING
PROGRAMS

Because of their potential for contributing to the
solution of environmental engineering problems,
qualified biologists should be encouraged to enter
the field. The education of biologists within environ-
mental engineering graduate programs is of relatively
recent origin. For this reason, suggested guidelines
for such education are of particular importance. It is
assumned first of all that a biologist beginning such
a program will have, or will develop soon after
entrance, a sufficient background in mathematics
and chemistry to enable the taking of such engineer-




22 ENVIRONMENTAL AND SANITARY ENGINEERING GRADUATE EDUCATION

ing and chemistry courses as are necessary for his
comprehension of the engineering concepts of his
area of interest. It is desirable that the program for
biologists afford them the opportunity of obtaining
an engineering degree or a degree in applied science
which gives notice to their capabilities as specialists
in one of the areas of the environmental sciences.
However, the biologist can make a greater contribu-
tion to applied biology by remaining a biologist,
while at the same time increasing his knowledge by
further course work in both his basic discipline as
well as in those disciplines related to his chosen
specialty within environmental engineering.

The relative value of a degree from an engineering
department as compared to that from a iife science
department is difficult to assess without identilying
the circumstances. If the terminal degree is to be the
master’s, the engineering or applied science degree
may offer some advantage to the B.S. biology student
desiring a career in the water and wastewater engi-
neering field. On the other hand, if an individual
aspires to the doctorate and wishes to be recognized
as a biclogical scientist, there should be little doubt
of the advantage ol an association with an estab-
lished life science department and a Ph.1>. from that
department. The preparation for the nen-engineering
student seeking an engineering degree is discussed in
Chapter VII, and these comments generally apply to
biologists.

The greatest emphasis in training biologists in en-
vironmental science still should be placed on devel-
oping the individual into a more proficient biologist,
and the bulk of his formal training should be directed
toward this end. The majority of such course work
will probably be in the areas of ecology, limnology,
and microbiclogy with emphasis on areas pertaining
to the individual’s research interest. Much of this
course work must of necessity be taken in one of the
life science departments.

BIOLOGY FOR UNDERGRADUATE
ENGINEERING STUDENTS

Because of the critical nature of the problems
which the nation is facing, graduate environmental

W

engineering programs are now attracting students
with undergraduate education in many different
engineering fields. Also, the developments in the
fields of biomedical engineering and industrial
microbiology are attracting engineers inte these
areas of applied biology. Thus, engineering schools
shouid recognize the desirability of having biclogy
courses in undergraduate curricula or at least make
available elective units by which the undergraduate
could satisfy this interest. The engineering student
who has completed one or more basic binlogy course
as an undergraduate could progress more rapidly in
the master’s program and take additional course
work in biclogy or other areas related to his interests.

#

s

%
RECOMMENDATIONS

1. All environmental engineers should acquire a
basic understanding of biological form and [unc-
tion and the interactions of living systems with
emphasis on the quantitative aspects of biclogy.

2. Academic programs for biologists in environ-
mental biology should include such mathe-
matics, chemistry, and specially designed courses
in biology as are nceded to acquaint the student
with the general nature of that segment of en-
vironmental engineering of concern and, in
greater detail, the relation of biology to the
specific involvement of the engineer with living
systems. However, greatest emphasis still should
be placed on developing the student’s knowledge
and skills in the life sciences.

3. Undergraduate students in engineering should
be given the opportunity and be encouraged to
take fundamental courses in the life sciences.
This might be an effective means of attracting
more students into the field. Furthermore, by
having formal course work in the life sciences at
the undergraduate level, the graduate student
couid either take advanced courses in biology or
have more opportunity {or engineering courses.




V. SOCIAL SCIENCES IN ENVIRONMENTAL
ENGINEERING CURRICULA

INTRODUCTION

In considering the role of social sciences in the
education of the environmental engineer it is neces-
sary to evaluate to some degree a number of interre-
lated questions. What characterizes the world in
which the environmental engineer functions? What
is the nature of the function he performs? What
preparation is needed to enable him to perform these
functions, particularly in reference to the social
sciences? What specific social sciences does he need?
Where should they fit into his educational program?

It is also necessary to consider what limits of
definition identify the environmental engineer or
describe the social sciences. Assuming that in preceding
chapters environmental engineering has been suf-
ficiently defined, and leaving to a more appropriate
point in the discussion the question of what consti-
tutes social sciences, attention may be directed to
the broader background questions cited above.

Objectives and Functions of the Environmental Engineer

The broad objective to which the environmental
engineer directs his activities is the control or man-
agement of the air, water, and land environments for
the benefit of man. Pursuant to this objective he must
synthesize strategies irom a broad spectrum of spe-
cialties to produce the hardware or the systems
which represent a unique solution to a specific prob-
lem in environmental control. Inasmuch as the
objective of this problem solving technique is to make
man more comfortably happy, healthy, or satislied it
seems at once self-evident that some knowledge of
what man wants, needs, or will accept, as well as of
physical laws and systems, should go into the syn.
thesis. For reasons of economics, technology, and
human constraints® the environmental engineer is
confronted with ~ alternatives at all levels of his
activity. Thus he is inyolved in decision making. In
addition, it is a rare situation indeed where altering
one aspect of the environment fails to upset a whole
spectrum of equilibria in gross or subtle ways. There-
[ore, consideration of both natural and man-made
systems enters into erivironmental engineering.

To be more specific, it might be said’ that maz
seeks to control his environment in three ways: (a)
disposing of wastes generated in his life processes or
by his exploitation of natural resources, (b) allevi-
ating the effects of incidental contamination gener-
ated by human activity, and (¢} altering the physical
and biological environment to suit his needs.

Much of the attention of environmental ergineers
has been devoted to the problems created by the
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direct release into the atmospherg, water, soil, or to
underground formations of wastes which we com-
monly call polluianis. There is no doubt that this
waste disposal aspect of environmental engineering
poses a major problem for a populous and industrial-
ized society. Considerable but less effective attention
is directed to incidental or secondary effects of pur-
poseful activities. Such - incidental contamination
may stem from the fallout of a nuclear explosion; the
use ol pesticides to destroy unwanted plants, insects,
and animals; the application of fertilizers; the addi-
tion of preservatives and other chemicals to foods,
and the noise that emanates from all kinds of modern
instruments, machinery, and groups of people. But
by far the broadest array of environmental control
activities are those whereby man seeks to alter the
world about him and to create and manage systems
for his own cultural and social objectives. These
include transportation systems, structures of all
kinds, alterations in vegetation, the production of
domestic animals, and the harvesting of wild game
and aquatic life. Each of these calls for a highly
organized program of management.

MANAGEMENT OF THE ENVIRONMENT

Regardless of the way in which man seeks to
control his environment or the kinds of environment
of concern, management programs requirc three
broad classes of information:

1. Physical and biological consequences of alter-
native courses of action with regard to en-
vironmerntal influence.

2. Value consequences—consequences for human
welfare—of alternative courses of action.

3. Estimated responses of people to alternative
institutional arrangements (laws, regulations,
administrative arrangements, policies} for
influencing their behavior with regard to
environmental ghality.

In other words, those who wish to manage en-
vironmental quality intelligently must know first
what the physical and biclogical effects are of dis-
posing ol wastes in different ways, of dealing with
contaminants by alternative means, and of adopting
alternative developmental designs.

It should be possible to define alternatives and the
consequences thereof and, if not this, the areas of
uncertainty.” For example, it might be established
that a particular toxic pollutant has temporal and
geographical distribution effects. In a simplified
sense the alternatives are to live with the discase
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caused by the pollutant; to try to counteract the
pollutant in the environment by treating the disease,
the toxicant, or even the environment; or to try to
control the pollutant at its source. Selection of alter-
natives is rarely a simple matter of decision and
inevitably becomes mere complex when systems
rather than specific artifacts are the factors to be
managed.

In order to establish a foundation for decision
regarding alternatives based on the physical and
biological consequences, it is necessary to gain a
knowledge of the toxicant cycle {transmission-
reservoir), to identify the toxicant source, and to
devise a method of breaking the cycle {e.g., environ-
mental management, vector or reservoir removal,
or treatment of the recipient or of the source).

Establishing the physical and biological conse-
quences of alternative courses of action is the first
step in the analysis. The second step is to make an
accounting of these alternatives and their conse-
quences. This accounting needs to include technolog-
ical and engineering feasibility, economic feasibility,
and political and social feasibility. The normal
pattern of such analysis is to consider in order the
feasibility of going ahead with cach of a number of
particular courses of actien and then comparing
these [easibilities. Heré three other dimensions are
added to the question—the feasibility of alternatives,
the penalties and benefits of taking no action at all,
and the long-range as well as the short-range con-
sequences of alternatives. The most significant factor
in such an analysis, in the context of social science in
environmental engineering curricuia, is that it re-
quires the use of value judgments and quality deter-
minations as criieria. Values may be reflected in
monetary gains or losses, in changes in public
health, or in aesthetic satisfactions.

Those who would manage must understand how
public policy might be manipulated to achieve dil-
ferent physical, biological, and value consequences.
Thus, a knowledge of the structure of institutions
and thcn" mtcrrclatlonghlps becomes |ust as 1mpor-
tant in cnv1ronmcntal,mandgement as is an under-
standing of the interrelationships of biota and
physical patterns in the aquatic environment. In this
context the term instifutions includes research and
development structures, economic institutions, gov-
ernmental institutions {including legislative, admin-
istrative, and legal), and human communities as
entities. The analysis is concerned with overlapping
or fragmented jurisdiction, with conflicts and
cooperation among institutions, and with the degree
of employment of analysis of alternatives. Analysis of
such qualitative parameters in relation te environ-
mental management is compiicated by the fact that
jurisdictions are commonly overlapping and frag-
mented; that conflicts as well as cooperation between

institutions are complex in the extreme; and that the
degree to which institutional censiderations can be
inteiiigently emploved in the analysis of alternatives
is limited indeed.

Institutions are involved in env}}i"’onmental systems
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in at least three ways: (a) as strong conditioners of
current processes which characterize the existing
structure of such systems, (b) as the observable
manifestation of patterns of demand, and (¢) as
vehicles through which various solutions to the sys-
temic problem may be implemented. The Tirst two
roles suggest that social institutions can yield em-
pirical information about the supply and demand
characteristics ol the problem at hand. The third
role of institutions suggests they are tools to be pur-
posefully used in executing a desired solutior.

Another generic property of environmental sys-
tems is the necessity to consider a multiplicity of
production processes apd, usually, more than one
group of beneficiaries af well. This raises the prob-
lem of determining an appropriate ebjective function
to be used in the analysis of environmental systems.
What do these groups want from the resource
system In question, and how are these multiple ob-

jectives to be weighed in secking a management

solution? This, of course, is a long-standing dilemma
within economics which has not yet been resolved in
a very satisfactory way on the operational level, The
usual discussion takes note of dual, and possibly not
fully consistent, objectives—namely, efficiency and
equity-—suggesiing that first and second moments of
various economlic parameters are appropriate argu-
ments in the objective function.

Finally, communication (message initiation and
feedback, cybernetics) is the thread by which
natural systems in the environment are held together,
Communication (or the lack of it) is the determinant
of the final outcome of all attempts at establishing
environmental quality. This includes communication
between the scientific community and the economic
and governmental structures, and between these and
individuals who make the final decisions.

Analysis of Environmental Aliernatives

In the preceding section attention was called to the
fundamental factors identifying the alternatives
which must be considered in establishing a program
of management of the environment and to the kinds
of qualitative inputs which must go into the analysis
of alternatives in the decision-making process. The
analysis itself involves a spectrum of research and
systems analysis procedures and considerations
which are relevant to the subject of the world in
which the environmental engineer functions and his
preparation to perform these functions.

Three fundamental areas of investigation are part
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of research dealing with environmental management
on a broad scale, namely, (a) the identification of
the basic problem, (b} the specification of options
for purposeful actions relating to it, and {c) "the
development of an apparatus through which these
options are sifted and winnowed in the process of
comparative evaluation.®

Perhaps the most obvious implication is that
environmental management and research must be a
team enterprise. The systems which encompass
social science problems of environmental manage-
ment almost always entail more than one physical
resource. Technical expertise [rom a variety of sub-
stantive resource areas must be enlisted in the re-
search process. Teamwork also is required on a
interdisciplinary basis, as reflected, for example, by
the need for close coordination between economics
and engineering in river basin analyses,

Over the past decade there has been a change in
the character ol perceived problems relating to en-
virenmental development, management, and use.
Problems of current concern are not so much those of
supply adequacy but rather those stemming from the
impact of technological and sociai forces on the
natural environment. Social institutions require
particular attention in the study of resources systems
management—as data (reflecting current produc-
tion, allocation, and cénsumption processes) and as
vehicles for solution implementation. These prob-
lems are systemic in nature and require a systems
framework for their analysis—olten involving several
physical resources and calling for a variety of
scientific disciplines.

What kinds of criteria can be set up from this sys-
ternic approach? Using the planning-programming-
hudgeting technique it might be concluded that every
organizational unit concerned with environmenial
management should be required: {a) to state explic-
itly its objectives in terms of the services that it ex-
pects to provide, (b} to develop the best possible
programs for achieving these objectives, and (¢) to
prepare program-budgets showing costs and gains
over the life of the program which can be used both
in reviewing and approving new programs and in
controlling programs after they are authorized.™®
Such an approach can be useful for the analysis of
environmental problems because in this case, al-
though decision-making emerges from an analytical
perspective, the decisions are made in the public
arena. b

The analytical process of systems analysis can als
give some perspective, through employment of the
following characteristics: {a) the systematic exam-
ination and comparison of alternative courses of
action which might be taken to achieve specified
objectives for some future time period, and the design
of additional program alternatives if those examined

are found wanting, (b) the assessment of the cost and
of the benefits of utility to be gained if the alternative
is implemented, (c) a time content of the future, (d)
an envirenment of uncertainty because of the ex-
tended time horizons, (e¢) an analysis which takes
place in a broad context with numerous interactions
among key environmental variables, (f) heavy reli-
ance on quantitative methods of analysis, but supple-
mented by qualitative analysis, and (g} a focus on
research and development and/or investment types
of decision problems.

FUNCTION OF THE ENVIRONMENTAL
ENGINEER

From the preceding discussion of the broad area
in which the environmental engineer operates it
might be stated that his function is to provide the
hardware and systems flecessary to manage wastes
discharged directly into the air, water, or iand; to
deal with the undesirable secondary effects of activ-
ities involving primary good; and 1o alter natural
environments and systems in a manner suited to ac-
complishing the environmental needs and objectives
of man. In the performance of this function he deals
with human beings and with their political, eco-
nomic, social, and cultural institutions, prejudices,
and foibles, as well as with physical, biological, and
technological systems. Thus both qualitative and
quantitative considerations enter into his analysis of
a problem: his determination of feasibility; his choice
of alternatives; and his final synthesizing of a unique
solution to specilic problems. Further, he must work
with other specialists in related areas of science and
have an ability to understand as well as to persuade
people. Clearly the environmental engineer should
know something of the science that deals with
people.

Social Science for Environmental Engineers

In a broad sense the science which deals with peo-
ple has been termed social science. Such a definition,
however, embraces such an area of learning that even
the specialist in social science must limit himsell to
some specific aspects of the field. Granted the neces-
sity for the environmental engineer to know some-
thing of the social sciences in order to perform his
function in society, the question immediately arises
as to what Iraction of the overall field is appropriate.
Thercalter, the fraction may be further limited by
considerations of the relative importance of specific
courses and the percentage of the engineering curric-
ulum which can be allotted to social sciences without
an imbalance of emphasis as compared with other
educational needs of the student.
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In considering the role of social sciences in en-
vironmental engineering curricula, the Committee
appointed to report on this subject at the Confergnce
first defined what is meant by social sciences. In its
written comments to the conferees, on which this
report is based, the term was construed to include
those aspects or fields of knowledge {other than en-
gineering, the natural and health sciences, humani-
ties, and education) that would be of value to the
engineer or applied scientist working with environ-
mental problems.

The Committee considered the social sciences as
being of vital importance to the technologist working
with environmental problems for the following
reasons:

1. The principles, concepts, and established pro-
cedures of these disciplines are intimately
involved in all environmental problems.

2. Social scientisis themselves have now entered
the environmental field and are increasingly
associated with engineers and scientists in
environmental management.

3. Eilective communication with social scientists,
whether on the basis of team efiort or as pro-
fessionals engaged in environmental manage-
ment from different points of view, requires
that the engineer understand the language,
the philosophies, and the approach used by
social scientists.

"Thus the Committee arrived at the conclusion that
social sciences have an important place in environ-
mental engineering curricula.

Specific Social Science Needs of the Engineer

As a prelude to naming specific subject areas in
social sciences with which the environmental engi-
neer particularly needs to be familiar, the Committee
set forth a list of premises, or ground rules, which
might well be applied.

Premise No. T Social science courses should have
some obvious relevance to the career chjectives of the
engmeer This was mterpreted by the Committee as
requiring:something mére than the traditional Lng-
lish, history, and speech courses which in many in-
stitutions fulfill university-wide requirements or
option requirements of a particular college.

Premise No. 2: Genezally, the social science courses
should be developed and taught in the parent disci-

plines rather than in schools of engineering, or in any’

event taught by prolessional social specialists rather
than by technologists. The underlying rationale of
this premise is that higher quality courses are likely
to result and that many engineering problems re-
quire an interdisciplinary mix which should find its
beginnings in the educational program.

Premise No. 3: Since there is no single engineering

program which defines environmental engineering,
ne single series of social science courses will fulfill
the needs of all engineering students. The student
should, therefore, be allowed fiexibility in selecting
the kinds of courses he needs frofk a block of social
science offerings approved for the engineering
curriculum. ’

FPremise No. 4: Social science courses should repre-
sent a progression of subject matter with some con-
centrating focus rather than a diverse group of
courses at the lower levels of education.

Premise No. 5: Some courses should bring inter-
disciplinary problems into focus.

Premise No. 6: Social science courses should not be
expected to train engineers for leadershzp any more
than do engineering courses. They should, however,
providg analytical tools which the engineer may use
to solve environmental management problems.

Premise No. 7: The social sciences courses should
provide the engineer with: (a} a subject matter input
that will broaden his perspective on problem solving,
(b} an understanding of the strengths and weak-
nesses of social science analytical tools, and (¢} a
basis for communicating with specialists in the social
sciences.

From the foregoing premises the Committee con-
cluded that courses from the following disciplines
and having the following functional objectives are
most appropriate:

Economics: The impact of the markef and of alterna-
tive land uses on environmental decisions concerning
waste disposal, incidental contamination, and en-
vironmental development.

Political Science: The impact of various levels of
government on environmental planning and the re-
lation of public and private sectors.

Law: The development of institutions for environ-
mental control and the impact of those controls.

Soctology and Social Psychology: The impact of urban-
ization, population growth, and increased leisure
time on our environmenti and upon man in that
environment.

Business: The impact of business and industry on
environmental quality and the development of busi-
ness structures that swill enhance environmental
quality.

Communication and Education: The analysis of the
nature of decision-making and the impact of public
awareness on environmental decision-making.

FPlanmng: The integration of biological and physi-
cal criteria with both economic and institutional
criteria in stable systems.

Concerning specific subject matter, the Committee
recommended that the environmental engineering
student should be able to select courses at three lev-
els: (a) basic social science courses, (b) courses in
the social sciences that are integrated toward en-
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vironmental management problems, and (¢) courses
that integrate social and other sciences. Suggested
course context at the various levels was as follows:
First Level Courses
Economic Theory
Political Theory
Communication Theory
Social Theory
Psychological Theory
Social Psychology
Business and/or Marketing
Urban and/or Regional Planning
Second Level Courses
Land Use Planning (Economics)
Natural Resource Development
Political and Social Decision-Making
Legal Structures for Environmental Manage-
ment
Industrial Management
Quality
Human Population Dynarmics and Environ-
mental Quality Control
Third Level Courses (tending toward interdisciplinary;
i.e., a mix of social sciences and other sciences)
Dynamics of Resources in such areas as:
Development of Water Resources, Water Re-
source Planning and Management
Regional Air Systems and Climatology
Regional Land-Use Planning
Dynamics of Human Systems Occupation in
such reaims as:
“New City”’
Recreation
Transportation
Waste Disposal
Environmental Health and Engineering
Dynamics of Decision-Making in such cate-
gories as:
Use of Systems Analysis in Arriving at De-
cisions
Institutional Development
Technology and Human Values
Public Works Administration

and FEnvironmental

The Place of Social Seiences in the Engineering Curriculum

In analyzingsthe natfglre of environmental manage-
ment and the role of the environmental engineer the
Committee on Social Sciences found reasons (dis-
cussed in previous sections of this report) to suggest
that social science should be an important aspect of
engineering curricula. Likewise, the nature of subject
matter of greatest importance emerged readily from
an objective weighing of the evidence. Answers to the
question of where social science courses might be
added, however, were not so readily apparent. To
explore this problem the Ceommittee first sought to
determine the present status of social sciences in
environmenta! engineering curricula by a study of
the Register of Graduate Programs in the Field of Samtary
Engincering Education. This document contains re-

sponses from 56 schools listing the formal program
courses taught within the department and support-
ing courses taught by others.

Four institutions reported formal courses in the
realm of social sciences. Includedswas one course in
government, one in economics, two in law, two on
man and his environment, and six in planning. These
data are not particularly revealing, however, because
there is no indication that the courses are required
of engineering students. Certainly they are available
in some department in all institutions; hence, the fact
that they are offered in the engineering department
reveals little more than that someone in engineering
thought them to be of importance. Whether the im-
portance is to the student or to the professor desiring
to offer a course is not revealed by the statistic.

Twenty-four {or 43 percent) of the 56 institutions
listed supporting courses in their programs that
would fall within the social science area. Listings for
each of these 24 institusfons ranged from one to nine
courses and included the following:

Subject Times Listed
Fconomics. . .. .. ... ... ... 28
Political Science. . . . . . . ... .. 8
Planning . . ... ... ... ... .. 7
Geography. . . . . .. ... ... .. 6
Sociology. . . ... ... oL 4
Human Relations. . . ... ... .. 1
Law. . .. .. ... ... ...... . 10
Public Administration . . . . . . .. 10

How much use is actually made of the social sci-
ence courses listed is, of course, not known for the
aggregate. It is true that social science courses on any
campus are available to the graduate student, and an
omission in their listing as supporting courses does
not mean necessarity that they are not used. It is
probably safe to conclude, however, that nonlisting
represents nonuse in the majority of the institutions.

Economics is the social science considered most
important by the majority of the institutions report-
ing, with selected courses in law and public adminis-
tration running poor seconds.

Although there is evidence in the statistics cited of
a lack of social science content in environmental en-
gineering curricula, there is no indication whether
the omission is due t0 unconcern for this type of
knowledge or an inability to find room ior it in the
curricula. To each of these points the Commiitee
directed considerable attention,

Concerning the desirability of social sciences in en-
vironmental engineering curricula, the Committee
concluded on the basis of data contained in the Reg-
ister that environmental and sanitary engineering
curricula are generally deficient in the social science
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area. Further, that if the engineer and applied scien-
tist are to continue to discharge their professional
responsibilities and be able to work with others in a
team effort in attacking environmental problems, it
will be necessary to improve their education in the
social sciences, Two possibilities for how this might
be achieved were presented:

1. Development of special formal courses in so-
cial sciences by parent disciplines. This, it was
postulated, would make the best use of student
time. However, to assemble enough students
to justily special courses in other departments
the Committee suggested that other academic
departments interested in such courses might
be enlisted to support the courses. A minimum
of two courses was sugegested: {a) natural
resource economics, and (b} planning, within
institutional and legal constraints.

2. Purposeful and continued effort of professors
in the major department to relate their in-
struction to the overall system involved and
how it relates to man and his well-being,.

From the point of view of desirability of social sci-
ences in environmental engineering curricula, with-
out specific resolution of the problem of how a
curriculum can accommodate the necessary courses,
the Committee made three recommendations:

1. All M.S. programs should contain at least one,
and preferably two, well-integrated social sci-
ence courses taught by social scientists; and
the doctoral programs should contain at least
three of these courses as a minor for those
planning to enter professional practice. Recog-
nizing that some master’s programs may
choose to place heavy emphasis on the tech-
nological aspects of one environmental special-
ty {e.g., water quality), it is believed that a
carefully designed seminar program could
serve to add the elements of breadth of pur-
pose and real-world flavor to such a program.

2. Program administrators should review course
offeringg with their faculty to determine where
and how the faculty can better relate their
courses to the overall system and the needs of
man. Some faculties now do this quite ade-
quately, others do not have the background,
and others are not interested. There is prob-
ably little that can be done with those not
interested. For others, it may be of value %o
conduct summer workshops similar to those
now conducted by AAPSE in technological
subjects.

3. A faculty should offer the maximum oppertun-
ity for its students to participate in class dis-
cussions where an awareness of the social
sciences and man and his environment can
be developed.

With specific reference to the problem of incor-
porating social sciences in environmental engineering
curricula, in line with its own recommendation, the
Committee presented a number of suggestions.
These, and the concensus of the conferees, are inter-
preted in this report in.relation to the nature of en-
vironmental engineering and degree programs.

A CONCEPTUAL APPROACH TO
ENVIRONMENTAL ENGINEERING
CURRICULA

Adoption of the term environmental engineering,
whether opportunistic or in response to & need to
open*up traditional curricula in sanitary and pubhc
health engineering, led to considerable pressure for
specialty areas to be set up at the master’s level.
Over a period of years the list of these included
radiological health, air resources, water resources,
solid wastes, and municipal engineering, to name the
most common. At the same time there was no change
in the need for environmental engineering to include
in the solid core of its curricula courses in chemistry
and biology and some introduction to systems
engineering,

To overcome the dilemma posed by the foregoing
developments, the Committee suggested that envi-
ronmental engineering should be the wmbrella desig-
nation for a spectrum of curricula built around a
common core, each adding its own specialty subject
material. The concept, called keyhole by the Com-
mittee, is illustrated in the following figure in which
a number of possible specialty areas are shown with-
out reference to the particular courses which consti-
tute the specialty.

This concept, considered novel by the conferees,
was not adopted for several major reasons:

1. At the master’s level the core itsell becomes
overwhelming unless a two-year requirement
for the degree is adopted. While this might
be feasible eventually, there is no agreement
that it should be imposed at this time.

2. At best, the social science content of the core
cannot include more than two courses if the
demands for chemistry and biology are to be
met. No one is particularly inclined to reduce
these basic needs in favor of more social sci-
ence. Therefore, courses would have to be
cither (a) survey courses, which are not likely
to emerge from social science departments or
be of great value; or (b) selected courses,
which are already available and can be worked
into existing curricula outside the core, in re-
source economics, planning, institutions, and
law.
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3. Many major schools of sanitary engineering
are built around a hard core of water quality
engineering, plus chemistry and biology, and
see no urgent need to change in the face of
other limitations in the prospect for social
science additions to the curriculum,

4. Several of the proposed specialty areas do not
in fact justify treatment as separate curricula
because of the limited content of subject mat-
ter involved.

Degree Programs )

A location for social science courses in the currict-
lum other than at the master’s level was explored.
Realistically, it must be admitted that environmen-

\\ tal engineering exists only at the graduate level, be-
cause undergraduate curricula were largely stripped
i : of engineering content to make room for humanities,

which include some social sciences. It is therefore
evident that if social science deficiencies in the engi-

o

CORE

PLANNING

SANITARY OR
WATER QUALITY
ENGINEERING

RADIOLOGICAL

WATER |. CHEMISTRY HEAETH
RESQURCES 2. BIOLOGY . b2
3. SOCIAL SCIENCE
4. ENGINEERING ;
SYSTEMS | R

PUBLIC
/  HEALTH j
/ ENGINEERING /

neering curriculum exist, they can now be corrected
only at the graduate level. It is equally evident that
the master’s degree program is now a technological
specialty, whereas the Ph.D. or Eng.D. programs
again offer room for broader general education. In
this situation it is unrealistic to ask that the mas-
ter’s curriculum become another broad educational
experience.

The conclusion is inkscapable that the alternatives
are: ‘

1. Add more courses the engineer ought fo take,
without concern for how he ever becomes an
engineer.

2. Extend the period of education required for
the master’s degree under some sort of guar-
antee that the time added will be utilized in
social science rather than consumed by addi-
tional basic science courses and a prolifera-
tion of engineering courses.

3. Generate an entirely new concept of environ-
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mental engineering, possibly with a two-yecar
educational period for some students without
sacrificing the one-year master’s program of
others.

4. Continue as at present, with breadth of educa-
tion at the bachelor’s and doctoral levels and
specialty education at the master’s level, albeit
with all possible latitude for individual schools
to meet the needs of individual students.

The consensus of the conferees generally favored
the last of these alternatives, not because of any lack
of feeling for the deficiency of environmental engi-
neers in the social sciences, but because other alter-
natives are less acceptable at this time.

Both the Committee and individual conferees ex-
plored the question of what effect the environmental
engineer has had on public attitudes toward pollu-
tion, in contrast with the effect the citizens’ alarm
about the state of the environment has had on engi-
neering activities. There was a considerable feeling
that the engineer is no! today insensitive to public
affairs and that any lack of effectiveness in the polit-
ical arena is not closely linked with the presence or
absence of formal courses in the social sciences.

I
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VI.

The Committee on Planning of Environmental
Systerns was charged with the responsibility of ex-
amining the educational requirements for engineers
concerned with the planning of envirenmental sys-
tems with emphasis on computer applications and
the mathematical theory of decision and control. It
is the Commitiee’s judgment that the subject has
broader implications for the improved graduate edu-
cation of environmental engineers than connoted by
the concept of planning in the ordinary meaning of
the term. Rather than viewing this topic as a new
specialty to be added to the expanding list of useful
arcas of study, environmental systems analysis
should be regarded as reinforcing older topics and
infusing them with new perspectives and offering
attractive possibilities for more effective teaching
and more efficient learning. A breakthrough in ap-
plied mathematics has taken place in the last 20
years, and this breakthrough, coupled with the de-
velopment of interactive computer processing, is
causing profound and irreversible changes in all
fields of engineering.

Taking a long view of engineering education in the
twentieth century, two important but conflicting
trends are prominent. In the [irst place numerous
reports of the ASEE, the NRC, and the President’s
Science Advisory Committee have consistently
stressed the need for unity of goals in the education
of engineers and a homogeneity of standards in the
various branches. At the undergraduate level this
has been manifesied to a large degree by emphasis
on the sciences, the engineering sciences, the funda-
mentals of technology, with the purpose of offering a
high-level specialized technical education while en-
abling the graduate to practice in a variety of fields.
Concomitantly, there has been a second trend reflect-
ing the pressure for even greater diversity in the en-
gineering curriculum. The result has been a broaden-
ing of the content of curricula to ineclude social and
humanistic studiesz Other types ol courses, e.g,
statistics, have béen added to the core requirements
for all engineens. Thes% trends, which are part of the
complex evolutionary’ process of industrialization,
have resulted in longer perieds of education. The
vertical and horizontal expansion of education has
given rise to conilicting opinions as to what subset of
the whole should constitute the minimum require-
ment for the professional degree.

In resolving this impeortant issue and in forming
judgments on the question of accreditation, consider-
ation must be given to the impact of the break-
through in applied mathematics and of the develop-
ment of interactive computer processing on the
graduate education of environmental engineers. The
computer revolution has made possible an integrated
and consolidated approach to broad problems in the
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physical, social, and life sciences that heretofore
were resolved by separate specialists with fragmented
peints of view.

The innovations in applied mathematics since
World War I1 of Von Newmann, Dantzig, Kuhn,
Wolfe, Charnes, Bellmaf, and others have greatly
extended the range of problems amenable to mathe-
matical treatment in the biological, physical, and
social sciences that underlie engineering application.
The extension is due to several [actors, including: {a)
the use of an increasing variety of branches of pure
mathematics with the development of new tech-
niques for handling classes of problems that previ-
ously were intractable; (b) the increased capacity for
information processing with the advance of cpmputer
science; and (c} the growing recognition of the power
of mathematical analysis in traditionally non-
mathematical social sciences, such as economics,
sociology, and psycholggy. In the natural sciences
the advance of applied mathematics has blurred the
boundaries between physics, chemistry, and biology;
and the transfer of techniques and concepts of the
more basic sciences into the applied areas is occur-
ring at a rate go rapid that some older categories of
knowledge have become completely reoriented.

With the development of interactive computer pro-
cessing, including two-way graphical communication
between man and machine, we are entering an era
in which man’s intuitive and evaluative ability will
be melded with electronic information centers by the
manipulative power of the computer. The potenti-
alities of man/machine dialogue for technical design
and planning are great, and nowhere in the near
future are they more impressive than in the graduate
education of environmental engineers. The powerful
reaction produced by mixing graduate students and
fireside consoles is difficult to describe and probably
must be seen to be believed. Professors who have seen
the process believe that in some institutions and edu-
cational situations the conventional calendar system
of classes and grades must be reptaced by the frack-
ing ol individual students, each proceeding at his own
best pace. The development of interactive processing
has profound significagce for professional education
and accreditation.

The implications of the change are Important to
all engineers and especially to environmental engi-
neers. Failure to put the new mathematics and the
computer utility in a central position in the educa-
tional process will mean a fatlure in full realization
of technology for social and economic improvement.
Brooks' has commented on this point as follows:

“To an increasing degree, engineers are
failing to realize the benefit of technology be-
cause of a failure to view technology in the
context of an entire system, a system that in-
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cludes the social and economic context in
which technology operates, as well as its inter-
action with the total physical environment,
Only in the fields of electronic communications
and in the generation and transmission of
power has it been possible to realize the bene-
fits of a truly integrated technological ap-
proach to meeting a defined social need. By
contrast, the field of transportation and the
field of environmental control have suffered
from excessive {ragmentation, fragmentation
of industry in terms of special vehicles tech-
niques, or products, and fragmentation of gov-
ernment in terms of specialized goals or lim-
ited constituency. To an increasing degree, it
is being realized that the world is interdisci-
plinary. To ignore this is perilous.

“This iz the fundamental problem with
which engineering education is now struggling,
and in no discipline is it of greater concern
than in civil engineering. The answer cannot
be merely in interdisciplinary type education
because one individual cannot know every-
thing; yet the engineer, particulariy the civil
engineer, must learn to communicate with all
the scientific specialties that may affect him,
and must learn how to extract significant and
relevant facts from new sciences as soon as they
develop.”

Experience in the past five years with the systems
approach in a few universities and government agen-
cles has demonstrated its effectiveness as a medium
of communication among groups concerned with re-
source development and conservation. In teaching
and interdisciplinary investigation the expectations
of early proponents of environmental systems analy-
sis are being realized. Gotaas and Logan,2 writing in
1959, discussed conventional planning and delin-
eated a new type of graduate program in civil
engineering:

“While planning has tended to become an
art, rather than a science, now thanks to pro-
gress made in the field of operations research
and systems eflgineering, planning need no
longer be a vaguey idealized concept. The ap-
plication %f quantitative analytical methods
involving numerical analysis {for which the
engineer is uniquely trained) makes it possible
to think of physical planning and the related
areas of engineering decision-making in mea-
surable and, therefore, comparative terms. Be-
cause of the great significance of planning in
the work of the civil engineer, it is suggested
that fundamental analytical work in planning
should be a core subject of civil engineering
education beyond the basic fundamental sci-
ence and social science preparation. Planning
could become the framework into which the
specialized disciplines of civil engineering such
as structures, hydraulic engineering, sanitary
engineering, water resources, highways and
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transportation engineering could be more
logically established. An understanding of
planning could provide engineers with a bet-
ter appreciation of design criteria, and would
help in developing rational apgroaches to the
prediction of future technological needs. By
using techniques similar to those developed by
operations research and systerns analysis or-
ganizations during the past few vyears, it
should be possible to make rational predictions
of the types of developments in physical facili-
ties, areas, factories, schools, and other aspects
of the environment which might best meet the
needs of the country in the future.”

At Cornell, Harvard, Northwestern, Stanford, and
other universities that have pioneered in introduc-
ing the systems approach to resource maragement,
recent experience has demonstrated that environ-
mental systerns analysis provides a versatile super-
structure for integrating the contributions from
different disciplines afid for incorporating data and
interrelating research from many fields. In the pro-
cess of constructing a large model of an environmen-
tal system, the computer program provides a helpful
bridge of communication between different groups of
specialists. Moreover, the model provides valuable
guidance for research efforts and permits the engi-
neer, the chemist, the biclogist, the economist and
the political scientist to see how small but vitally
important pieces of information and theory can be
fitted together and to see where there are critical
gaps in existing knowledge.

The benefits of the systems approach as a central
part of the graduate education of environmental en-
gineers more than compensate for the cost of the
additional investrment in applied mathematics. For
the student, perhaps the most significant part of the
prolit is his enhanced learning efficiency in the re-
lated sciences. First-rate textbooks, such as Linear
Programming and Economic Analysis by Dorfman, Sam-
uelson, and Solow and James Coleman’s Introduction
to Mathemalical Sociology, provide effective highways
to the heartland of the social sciences. The mathe-
matical techniques used in these texts are the same
as those needed in the analysis of systems for disposal
of solid wastes or inthe selection and balancing of
the unit processes of a waste treatment plant for a
paper mill. And the computer algorithms for solution
of waste transport problems in tidai estuaries are
similar to those in use at the frontiers of research in
some areas of physmal chemistry. In its report on
basic research in U. S. chemistry, ® the NAS-NRC
Committee for the Survey of Chemistry states:

“A clarification of basic kinetic theory and
of the macroscopically irreversible approach
to thermodynamic equilibrium has been ¢on-
tributed in the last few years by a methed,
making use of diagram techniques, due to L
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Prigogine (Belgium) and collaborators. This
has provided a unified practical approach to
computation of transport phenomena in sys-
temns as diverse as dilute gases, plasma, and
electrolyte solutions.”

TERMS AND CONCEPTS

Before moving to questions relating to courses and
curricula, it may be helpful to discuss certain terms
and concepts related to environmental systems anal-
ysis. In order to minimize confusion the Committee
deems it desirable to comment briefly on two terms
commonly used in envirenmental planning, viz,,
operations research and systems analysis. Some individuals
have found it useful to distinguish between the activi-
ties carried on under each of these labels. The Com-
mittee believes, however, that in the present context
no useful purpose is served by making such distinc-
tions. It has agreed that the term systems analysis is
more appropriate in the environmental engineering
setting and thus will restrict itsell to this term ex-
clusively when referring to these analytical and com-
putational approaches.

It should be clear that there is a hierarchy of goals
associated with these approaches. This is relevant,
since the question is sometimes raised as to whether
mathematics and the computer are means or ends.
The primary goal for any systems analysis is to pro-
vide information and to examine the consequences of
alternative courses of action with respect to the real-
world situation under study. In this context it is
clearly a means to the end of improving engineering
decisions. However, it is also frequently necessary
to become involved in studies of means {i.e., the
analytical techniques) in order to reach the primary
goal. The problem settings and pertinent phenome-
nology in environmental engineering are much too
complex and the analytical methods too little devel-
oped to take a position that concern should be re-
stricted exclusively to ends rather than means.
Environmentals researéh must . be concerned with
both, as the primary doal of engineering is to solve
problems of the real world, and to achieve this goal,
it is necessary to understand these problems in light
of modern science and technology and to possess
analytical skills that .effectively deal with the mani-
fold interactive elements.

In making judgments pertaining to requirements
for systems analysis in graduate curricula, it is nec-
essary to recognize the wide diversity of activities
that are being labeled environmental engineering.
This term describes work ranging from research em-
ploying the most sophisticated analytical and experi-
mental methods to fairly routine application of stable
and reliable technology. In general, the two familiar
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categories, engineering practice and éizgineering sctence,
will serve the purposes of this discussion of courses
relevant to systemns analysis; but, since systems en-
gineering is a new discipline, a few comments may
lessen the hazard of a semantic hazg,

Systems analysis often is an essential aspect of
practice. But if this entails only the routine use of
well-understood techniques of operations research,
such activity does not fall within the scope of engi-
neering research as commonly defined. However,
studies by engineering students of the planning of
environmental systems may introduce new mathe-
matical techniques and may even advance the [ron-
tiers of knowledge i some parts of social science
{e.g., human behavior in systems with hydrometeo-
rological uncertainty). There are opportunities for
research at the interface of engineering and manage-
ment science. A creative investigation of this type
merits a status as engineering science on a par with,
say, a creative investigation in santiary chemistry
using the newest techmiques of nuclear-magnetic-
resonance spectrometry. :

In view of possible semantic difficulties that may
accrue to older connotations of the terms practice and
selence in areas of engineering planning in which
physical science and social science are on an equal
footing, our Committee would direct attention to a
categorization of these terms by Willenbrock,
Brooks, and Abernathy."

“ Engineering practice refers to the creative
application of existing knowledge to the solu-
tion of specific engineering problems. It is
not concerned primarity with the development
of new knowledge or of generic solutions ex-
tending beyond the particular problem at-
tacked.

“Instruction for engineering practice was
the primary aim of the four-year undergradu-
ate programs in colleges and universities be-
fore World War I1. The increasing complexity
of engineering practice of today has put these
programs under considerable strain. There are
increasing demands for men with (1) more
generalizable scientific and mathematical skill,
{2) more managerial and administrative abil-
ity, and (3) more cqnecern about social, politi-
cal, and economic aspects of engineering. Such
demands can be and are being met in a variety
of ways.

“Some of the characteristics of engineering
practitioners are:

1} an ability to handle mathematics and
science related to a general area and to
handle problems not in handbooks,

2) a greater concern with finding a needed
solution to a specified problem than with
an understanding of all aspects of the
science or mathematics involved,

3) an ability to synthesize practical designs
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which satisfy a number of requirements,
several of which may be in contlict,

4) a sensitivity to economic factors and anv

ability to effect trade-offs between par-

tially conflicting objectives,

an ability to utilize formal technical

background and practical experience to

solve problems which are new in detail,
but not new in concept,

6) an ability to direct targe-scale technical
operations by ceordinating and super-
vising the elforts of appropriate spe-
ciatists.

(S 5]
—

“There are several possible educational pat-
terns for engineering practitioners. In fields
where practical experience is of greater value
than academic work, a four-year academic
program plus a planned program ol practical
experience might be the most satisfactory. In
fields where a higher degree of mathematical
and scientific background is needed, a five- or
six-year program leading to a Master’s degree
plus industrial experience could be the best
preparation. In fields characterized by highly
intricate economic and political considera-
tions, a four-year engineering program which
is then coupled with graduate work in law or
in public or business administration ceuld be
most desirable. -

“An important consideration in {raining
[or modern practice is that the science and
mathematics taught should not be confined to
what is thought immediately relevant to cur-
rent technology. Rather, it should provide a
basis for future learning, and hence aim at
comprehensive understanding rather than the
mere acquisition of useful techniques.

“By engineering science 1s mcant those fields
of science which are of interest primarily from
the standpoint of applications. The aim of en-
gineering science includes comprehensive un-
derstanding and explanation ol phenomena
as a basis for the analysis and prediction of the
engineering performance of systems. It also
includes the sciences which deal primarily with
the perfogmance ¢f man-made systems as con-
trasted with natural phenomena. Examples in
the first category include fluid and solid me-
chanics, thermodynamics, and solid state de-
vice physics. Examples in the second category
include communications theory, control the-
ory, and the cothputer sciences, The engineer-
ing scientist is interested in developing generic
solutions to whole classes of engineering prob-
lems and in laying the feundations of design
theory and engineering analysis. He is not
primarily interested in finding particular so-
lutions in specified time-limited engineering
sitiations.

“Since World War 11, it has been cvident
that there is 2 need for men who have an edu-
cational background essentially similar in con-

tent to that of a scientist interested in basic
research, but who have in addition a strong in-
terest in the utilization of scientific under-
standing and mathematical techniques for the
solution of problems which aréimportant from
an applications standpoint.

“Engineering sciefitists are usually educated
through to the Ph.D. and frequently have un-
dergone additional post-doctoral education.
They are rarely involved in design, except as
an incident to the development ol experi-
mental equipment, and they seldom ‘work
under tight economic constraints or to rigid
time schedules. In most cases, they are highly
skilled in mathematics or one of the physical
or life sciences.

“Engineering scientists will usually, be
located in academic institutions, in industrial
“corporate laboratories, or in government or
national laboratories which cover a very broad
spectrum of technplogy. They will often be
found serving as tonsultants or engineering
specialists in development projects, but not as
members of design or production teams.”

CURRICULUM REQUIREMENTS

Topics from a broad spectrum of applied mathe-
matics are useful in environmental systems analysis
and engineering planning. It is important to state,
however, that there is no clearly defined threshold of
mathematical expertise that must be passed for entry
to the field. Environmental engineers and scientists
with widely differing personal investments in mathe-
matics have made useful contributions. In mastering
the first and most basic techniques of computer
mathematics, the student markedly strengthens his
grasp of classical engineering mathematics, much of
which is useful in systems engineering.

However, this committee is in agreement with the
ASEE Committee on (oals of Engineering Educa-
tion in advocating the systems approach throughout
the entire mathematical training of engineers.”

“Throughout the curriculum the student
should have experiences with synthesis and
analysis in research and design. In the last
year of his basic éngineering program a fairly
sophisticated engineering system design pro-
ject might be undertaken which would then
constitute the capstone of the program. The
aim is to encourage creativity. This pedagog-
ical capstone should integrate the learning
experience of the entire curricuium and bring
to bear the knowledge and toels the student
has acquired. Judgment and innovation should
be encouraged. In the design project the stu-
dent should gain experience in the use of
optimization techniques and decision theory
which require consideration of performance,
scheduling and cost.”
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The desiderata pertaining to undergraduate
mathematics summarized in this paragraph are
already being realized in large part at some engineer-
ing schools such as thosc at Dartmouth College and
Carnegie Institute of Technology. Other schools are
also making rapid progress at the undergraduate
level in programs emphasizing the systems approach
in functional and detailed design of complex engi-
neering works in which socio-economic problems are
examined in their entirety. However, it is expected
that overall, nationwide progress in this direction
t will be unecven and probably disorderly. Time-
sharing systems are costly and engineering schools
need funds to make these complex devices available
to students. However, the prognosis for progress at
the graduate level is favorable. Therefore, in the
following discussion of instruction in environmental
systems analysis at the graduate level, our committee
has assumed that facilities and funds for computation
will not be in short supply.

In order to simplify the presentation of subject
matter, the forma! course needs for Ph.D. and
Eng. D. students majoring in environmental systems
analysis are discussed first. Aitention next is given to
Ph.D). students taking a minor in this subject; and
finally the requirements at the M.S. level are dis-
cussed. It should be understood that the basic core
courses listed, like all mathematics courses, can be
taught at different levels of rigor and generality
appropriate to the goals of different schools.

Ph.D.or Eng. D: Major Field in Environmenial
Systems Analysis

In seiting forth a doctoral program in environ-
menta! systems analysis it is presumed that the
student has previously received sufficient academic
preparation in one of the fields of environmental
engineering (e.g., sanitary engineering or air re-
sources engineering) such that he is capable of iden-
tifying meaningful problems and dealing with their
physical, chemical, ér biological constraints. Nor-
mally this would be besti attained through a master’s
curriculum havihg a professional orientation in one
of the environmental engineering specialty areas.
The following list of courses and topics is useful in
development of the core of knowledge common to the
mathermatical formulation and analysis of the deci-
sion problems encountered with environmental
systems:

Theory of Probability—Axioms of probability,
combinatorial analysis, random variables,
univariate and multivariate distribution the-
ory, expectation, generating functions, se-
quence of random variables, central limit
theorem, laws of large numbers. (Prerequisite:
advanced calculus, engineering statistics.)

Optimization of Deterministic Systems—Formu-

lationof mathematical programming problems;
duality theory of linear programming; compu-
tational methods for linear programming;
assignment, sequencing, and combinatorial
problems, integer programming, decomposi-
tion principle; nonlinear programming:
Lagrangians, Kuhn-Tugcker theorem, gradient
techniques, search methods. (Prerequisite:
advanced calculus and linear algebra.)

Numerical Analysis—The approximation of
functions and the selution of equations. Topies
include polynomial interpolation, numerical
quadrature, and iterative procedures for
algebraic, transcendental integral and or-
dinary differential equations. Laboratory
exercise to consider the organization of mathe-
matical problems for solution of digital com-
puters. {Prerequisite: advanced calculus arid
linear algebra.}

Stochastic Processesi—An introduction to sto-
chastic processes with emphasis on discrete
models such as rafgdem walks, recurrent
events, Markov chains and branching pro-
cesses; processes connected with the Poisson
process, e.g., birth-death processes and
applications to queuing systemns; continuous-
time Markov processes and Gaussian pro-
cesses. {Prerequisite: theory of probability.)

Decision Theory—Foundations for decisions
under uncertainty; Bayesian inference (prior
to posterior analysis); sufficient statistics;
applications to Bernoulli, Poisson, and normal
models; expected value of perfect and sample
information, optimal sampling schemes; re-
gression and correlation; sequential sampling.
{Prerequisite: theory of probability.)

Dynamic of Systems—Review of dynamic sys-
tems under deterministic and random inputs.
Calculus of variations and dynamic program-
ming approach to the optimization of dynamic
systems. Controllability and observability.
Optimal estimation of the state of dynamic
systerns. Numerical methods for the solution
of optimal control problems. Differential
games, stochastic optimal control. (Prerequi-
site: Optimization of deterministic systems,
theory of probability.}

In addition to courses listed above, which will
require about one academic vear, the student should
participate in a research seminar involving one or
more applications of environmental systems analysis
to specific problems or regions. Moreover, it is de-
sirable to take a work shop course in the uses of the
computer to solve problems extracted from the mate-
rial in the six basic courses. In some cases it may be
appropriate to substitute one {or two) courses in
mathematical statistics or mathematical economics
it place of one (or two) of the basic courses in sys-
tems analysis. One or two courses or even [ull minors
in welfare economics and public investment theory
are highly desirable.
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Ph.D.or Eng. D: Major in Speciaity Area of
Environmental Engineering

Students majoring in sanitary or air refources
engineering who desirc a minor in systermns analysis
should complete at least three of the basic courses
listed under this major. They might also take a grad-
uate course in their specialty in which functional and
detailed design are approached from the systems
viewpoint. A course in mathematical statistics cover-
ing the design of experiments (regression and analysis
of variance) might be substituted for one of the three
basic courses. Compuler experience is essential and
participation in a research seminar in environmental
systemns analysis is desirable.

Master’s Degree in Environmental Engineering

In most cases there will probably not be room in
the curriculum for even one basic course in systems
analysis. (If there is, it should be the optimization of
deterministic systems.) However, engineering students
are increasingly covering some of the basic material
(particularly matrix algebra, linear programming,
and introduction to numerical techniques and com-
puter programming) at the undergraduate level.
With these students and with professars of engineer-
ing who have competency in systerns analysis, a great
decal can be done in a one-year program of graduate
study to introduce the leading ideas of systems meth-
odology in engineering courses in water supply,
water quality management, unit processes of treat-
ment, air poliution control, and solid waste disposal.
Reinforcement of the effort is possible in certain
phases of the related sciences—for example, in the
ecology of lakes and streams and in the theory of
rate processes and chemical equilibria of sanitary
chemistry. In schools in which several faculty mem-
bers have competency in systems analysis, the meth-
ods can be employed in several of the courses. In
other cases it may be more efficient to present the
techniques at an elempentary level in a one-semester
course with a“pplicati?)ns in the different segments of
environmental enginéering.

Master of Engincering 'Degree in Environmental
Systems Analysis 4

The student in a two-year master’s degree pro-
gram in a specialty area of environmental engineer-
ing wishing to develop competence in systems
analysis would take courses similar to these sug-
gested in the minor in systems analysis. In most
instances, however, a graduate course in mathemat-
ical statistics should be included.

PROGRAMS AT CORNELL AND HARVARD
UNIVERSITIES

The method of education in $ystems analysis that
has been used at Corneli University for the past five
years has been to provide all sanitary engineering
students in the doctoral program with a one-
semester course which introduces the [following
topics:

1. Systems
solving
Matrix algebra
Selected topics in calculus
Mathematical programming
Theory of games ¥
Stochastic processes and simulation
. Applied welfare economics
The course makes extensive use of examples in the
areas of water resoufces and sanitary engineering.
Obviously the range of topics cannot be covered in
great depth, although considerable effort is given to
providing the theoretical basis for the methods dis-
cussed. Those doctoral students who are interested
in doing research in which these approaches are use-
ful are encouraged to minor in industrial engineering
{operations research) and economics (welfare eco-
nomics). After increasing their competence in these
areas they are brought into seminars (led by faculty
from environmental engineering) to again focus their
attention upon real-world problems.

At Harvard about hall the students in environ-
mental engineering specialize in systems analysis,
and most of the others take at least one course in
which it is emphasized. The principal introductory
course is titled Public Investment: Techniques for Relating
LEeanomic Objectives, Engineering Analysis, and Govern-
ment Planning and is taught by members of the facul-
ties of government, economics, and engineering. The
course is presented in three coordinated sections:
{a) objectives of public investment {multiple objec-
tives in public investment programs; weighting of
objectives in the political process); (b) formulating
public investment criteria (national income and its
distribution; accounting prices; interest rates; un-
certainty); and (c) applying criteria to project demgn
(the design process; methods of analysis; problems
of measurement; deterministic and stochastic
models; simulation). In addition to this introductory
course (and in addition to mathematics courses in
the theory of decision and control), several advanced
engineering courses are offered in the design of water
resource systems and operations research in environ-
mental engineering. In an advanced topics course
taken by Ph.D. candidates in environmental systems
engineering, the subject material includes simula-
tion techniques for multistructure systems and meth-

approaches to completx problem
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ods of multivariate analysis, including
analysis of hydrometeorological time-series.

spectral

DISCUSSION

The Committee believes that it is desirable to put
systems analysis in a central position in the graduate
education of all environmental engineers and sorne
environmental scientists. It may be necessary to do
4 this in order to attract and motivate first rate stu-
* dents who have had excellent training in applied
mathematics at the undergraduate level. The bene-
fits of systems analysis for the future of environment-
al enginecring may be summarized as follows:

1. Improved methods of engineering planning
will result and will make possible the incor-
poration of quantitative techniques of econom-
ic and social analysis into engineering plans.

2. More efficient systems for the collection and
collation of data relating to the environment
will evolve.,

3. Extensive automation and codification of
design and operating procedures for important
engineering subsystems will become attainable,

4. The revision of many classical design methods
by the incorporation of more realistic assump-
tions and approximations will be brought
about. Such incorporation is now possible
with the advance of applied mathematics and
computer capability.

It is pertinent to emphasize that in a strict sense
the analysis of systems has always been a prominent
part of engineering. Sanitary engineers will recall
that since the days of Chadwick, the supply of water
and disposal of sewage have been managed systemat-
ically. Considerations relating to partially conflicting
objectives, inadequate data, uncertainties in benefits,
and the effects of inaccurate projections of demand
growth were all weighed by early engineers in a
rough balance by a process ihat undoubtedly put a
heavy premium on’engingering judgmené Although this
was a kind of systems analyms it is probably true
that much design methodoloqy and many quality
standards were developed over the years in the con-
text of loosely defined economic and social objectives.
Today, with the development of the logic of planning
and the advance of applied mathematics, a new
generation of engineers aspires to create and to

apply methods of systems analysis of ever increasing”

power for the benefit of man. In educating these men,
we believe that evolutionary changes are needed in
the presentation of the technology of environmental
management and that these changes should be in the
direction of emphasizing environmental systems
analysis in the curriculum. Programs will be
strengthened and teaching made more cffective when
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new concepts, such as the Kuhn-Tucker theorem,
the decomposition principle of mathematical pro-
gramming, and the social rate of discount, receive
equal billing with important, traditional concepts,
such as the law of mass action, BErnoulli’s energy
theorem, and the momentum principle.

The neecled changes should be evolutionary rather
than revolutionary and there are many opportunities
in the field of environmental management for the
application of systerns analysis and modern applied
mathematics. These range [rom small systems to
large ones, and it is convenient to identify five levels
of size: {a) mucrosystems of environmental science (labora-
tory studies of fundamental phenomena); (b} engi-
neering devices (pilot plant studies of a unit-process or
a control unit}; {c) engineering works {an entireptreat-
ment plant, dam, or aqueduct); (d) project-size
systems {a set of coordinated works, usually multi-
purpose in scope, such as those used in the develop-
ment of water resources ®f a river basin or in the
control of pollution in a sanitary district); and (e)
multi-project systems administered or coordinated at the
state or federal level of government. As examples of
systems at these [ive levels of size the following are
illustrative? (a) mucrosystem, an investigation of the
mechanism of disinfection by chlorine of coliform
bacteria; (b) engincering device, the design of a set of
fiber-filters for simulating the resplramry deposmon
of radioactive airborne materials;® (c) engineering
works, the design of a treatment and disposal system
for a kraft paper mill;"® (d) project-sized sysiem, the
design of a transport network for refuse collection
and disposal;” and (e) multi-project system, a plan for
land and water development of West Pakistan.'
Harrington'' has made a survey of a wide variety of
applications of systems methods in environmental
control and has classified these as to mathematical
technique and as to fieids of application.

I conclusion, the following list of topical problem
areas is presented to indicate possible applications
of the techniques of systems analysis. It is intended
to be representative rather than exhaustive. The
techniques are especially useful in elucidation of re-
lationships between interacting elements of the
system. Although in many of the problem areas a
start has already been made in formulation, in most
cases, however, this has been done by classical meth-
ods of applied mathematics rather than by tech-
niques of systems analysis. Usnally, therefore, the
models apply to steady state conditions with deter-
ministic inputs. Dynamic or nonstationary cases
generally have not been examined in detail, and not
much work has been done on realistic stochastic
models. As a result, more analytical investigation is
needed to determine optimal operating conditions
and efficient designs. We belicve these topical prob-
lem areas provide opportunity for deployment of a
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dynamic programming and response surface anal-
ysis. The systematic use of these methods leads
invariably to improved insight into the natwre of
particaular phenomena and the effects of various
types of controls:

1. Optimization of treatment-unit designs using

10.

- 11,

accepted design criteria ag constraints.

. Dynamic modeling and simulation of raw

waste loads through the treatment plants with
generation of time-variable effluent.

. On models of plant units, evaluation of effec-

tiveness of individual waste control schemes,
inciuding, for example, different rates of
sludge return and also the by-passing of par-
ticular units. This would be essentially a
computer-operated filol plant model to test
different operational control procedures.

. In anaerobic digestion, the evaluation of dif-

ferent stages of processes using mathematical
simulation and including the examination of
any feedback bacterial processes and the dy-
namics of the liquefaction and gasilication
stages.

. Mathematical modeling of the dynamics of

solution chemistry in natural waters.

. Simulation and quantitative analysis of the

more important features of the nitrogen cycle
in lakes or stabilization ponds, inciuding feed-
back loops to determine optimum conditions
for a balanced system.

. Input-output analysis of effects of nutrients on

algae growth, including the examination and
synthesis of response times in various systems.

. Simulation of bacteria-protozoa dynamics in

streams and treatment plants under different
environmental conditions.

. Simulation and modeling of the major features

of bacteria-algae symbiosis.

Modeling of column-flow phenomena in ion
exchange and absorption, with hydraulic pa-
rameters vafying over time.

Computer simulation of meteorological phe-
nomend {windg and air 'density patterns) in a
metropolitan area with several sources of air
pollution to determine the spatial-temporal
frequency distributions of pollutants at various
control points and to ascertain effects on these
of various schemes of pollution abatement

at the sources. a
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VII.

Concern for realistic solutions to environmental
problems is presently being expressed by leaders
from all sectors of our society who view with alarm
the rapidly growing maze of interactions in today’s
socio-technological world. The sanitary engineer,
who has in the past filled the role of generalist as
~ well as expert in the field, cannot continue to stand
% alone as a buffer between society and its environ-

" mental problems, even those of the air-water environ-
ment where his concern and competence have been
greatest. An improvemeni in the situation could be
brought about through the use of teams of specialists,
each member of which should have an awareness of
the total problem while also lending his particular
expertise to the total solution. There can be no ques-
tion of the desirability of generating such a team
approach. Its success, however, depends upen a com-
munity enthusiasm for the broad type of problem, a
willingness of the scientist to lend his expert advice
to the team effort, and, most of all, the devotion of
sufficient time by the scientist to learning and appre-
ciating the intricacies and limitations of applying
pure science to solutions of problems in the real
world. Each of these three elements is an essential
ingredient in the success of the team approach. But
perhaps the most important aspect of the problem
lies in the actual recruitment of adequate numbers
of competent scientists to permit general utilization
of the team approach.

There are at least three possible avenues for edu-
cating non-engineering personnel for roles in en-
vironmental engineering and science:

1. Recruit graduates of baccalaureate and mas-
ter’s programs in the physical and biclogical
sciences to enter programs of sanitary or
environmental engineering to pursue advanced
engineering degrees.

2. Recruit science graduates to enter engineering
departmenits for graduate education with the
objective of obtaining advanced non-
engineering degrees,

3. Recruit science graduates to pursue advanced
degree programs in their own academic de-
partments, with these programs emphasizing

environmenial problems and providing the .,
opportunity for contact with the engineering

sphere through engineering minors and dis-
sertations jointly supervised by science and
engineering faculty.

In addition to encouraging non-engineers to enter the
environmental field, there remains, of course, the
present trend of including strong science minors in
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the doctoral programs of ﬁngineerimwg students, thus
providing equivalent inputs of eéngineering and
science to the resolution of.environmental problems.
From the point of view of the total manpower prob-
lemn, bringing science graduates into the field would
be most desirable. Moreover, by providing engincers
with stronger backgrounds in science, but not expect-
ing them to function as scientists per se, the efficiency
of the engineer-scientist team should certainly be
enhanced.

The Committee agreed that the maintenance of
the non-engineer professor at the peak of his abilities
in his specialty requires that he work with’ other
scientist§ of his own kind and function optimally
within the spheres of both science and engineering.
Where the academic atmgsphere is suitable for this
type of development it sfiould be encouraged. The
hazard lies in the lack of sulficient orientation to real
problems and the proper development of the enthu-
siasm for the types ol environmental probiems which
are in need of solutions. While the consideration of
environmentally oriented programs in science de-
partments is probably desirable, this was not the
charge of the Committee. So, beyond recognition of
this possible answer to meeting the need for scien-
tists, the Committee wishes to direct its principal
attention to the bringing of non-engineering students
into contact with the engineering envirenment.

There are two logical alternatives available to non-
engineering students wishing to enter engineering
departments at the graduate level.

1. The non-engineer may enroll in an envi-
ronmental engineering curriculum and be
expected to make up certain prescribed under-
graduate engineering courses. He would
receive an engineering degree on completion of
the program.

2. The non-engineer may seck an applied science
degree, administered by the engineering col-
lege or department thereof. Here the engi-
neering matriculafion requirements would be
minimurm or nonexistent.

The majority of the Commitiee believed that to
insist that the non-engineer seek an engineering
degree (ie., the first alternative) is to ask him to
leave his specialty and, at the same time, perhaps to
develop from this non-engineering applicant a rather
undistinguished type of engineer. On the other hand,
the Committee does not believe that the development
of the non-engineer into an engineer is inappropriate,
especially for the applicant who is strongly motivated
or for the individual having a physical science back-
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ground in mathematics, physics, or chemistry. We
should perhaps be reminded that a baccalaureate
degree in one of the sciences does not constitute an
especially negotiable credential for a career in
science. Here the Ph.I}. is the only truly professional
degree. Furthermore, for example, a B.S. in chemis-
try is in many respects better preparation for grad-
uate work and a carcer in water qualily management
or air pollution control than the traditional civil
engineering baccalaureate.

The second alternative would place in juxtaposi-
tion to the environmental engineering degree pro-
gram an environmental science program. The science
program and the engineering program should direct
similar levels of students forward together, defining
problems, studying research techniques, overlapping
where possible, separating where prerequisites make
overlap impossible, but intertwining at all opportun-
ities to produce a group which would have a common
language, a common problem orientation, and a
common dependency on one another for advice and
counsel in the area of special competence which each
can bring to bear on the problem.

The Committee decided to first ascertain what
trends were apparent in the [ield and how progres-
sive schools around the country were seeking innova-
tive solutions to the manpower shortage problem.
The ASEE roster indicates that 174 schools offer
civil engineering curricula. Of these, 98 were selected
as having an above-average interest in the academic
features of the sanitary and environmental engineer-
ing field. Because these schools represent a good
cross-section of the total number and because they
also probably reflect the most progressive attitudes
in the field, they were chosen to he subjected to a
brief survey.

The survey included questions concerned with the
admission requirements to graduate programs in
enginecring and was designed to rellect opinions
relative to traditional engineering curricula. For
example, does a School: {(a) Admit engineers only?
{h) Permit non-engjneers to enter their graduate
programs, but require make-up of essentially all
engineering prerequisites? or (¢} Allow non-engineers
to take an engineering degree with little in the way of
engineering preparation? Further, do these schools
have a mechanism by which non-engineers can enter
engineering prograins but receive degrees which do
not specify engineering. .

The response to the questionnaire was excellent,
with 75 percent of the schools responding within two
weeks. The survey indicated that there is a wide
diversity of curricula and degrees available, though
the traditional sanitary engineering program with
little allowance for the non-engineer is still most
prevalent. With regard to the kinds of degrees avail-
able the responses can be categorized as follows:

Nurmber Of
Schools
Group Type Of Response Responding
1. Engineering degrees ofily
_ available 56
2. Applied science degrees
available 1
3. Undesignated degrees
available 5
4. No advanced degrees
available 2
5. Both engineering degrees and
science degrees available 10
74

Those schools which specified undesignated de-
grees probably also offer the engineering degree, but
misunderstood the questionnaire. Thus, Groups 3
and 5 should probably be placed together to repre-
sent about 20 percerit of the respondents. Most of
these programs {included in Groups 3 and 5 above)
report their non-engineering degree programs to be
one to five years old, and this change is believed to
represent a distinct shift in attitude relative to tra-
ditional engineering programs which have in the past
been offering only engineering degrees.

The Committee also attempted to ascertain the vi-
ability and success of these engineering based-science
programs and was able to establish the following
guidelines:

1. Non-engineering type courses (e.g., applied
chemistry and biology) offered in engineering
programs are probably best taught by non-
engineering specialists emphasizing engineer-
ing applications and stressing real problems.

2. Teaching personnel involved in these pro-
grams must be made to feel accepted equally
along with their engineer colleagues by their
department and college administration. Aca-
demic attainment should, therefore, be mea-
sured by teaching excellence, research publi-
cations, and public service as applied to the
engineer, but not on the basis of professional
achievermnent in an engineering sense. Oppor-
tunities for advancement must be equal.

3. Non-engineering teaching personnel can proh-
ably best keep their own scientific capabilities
at a peak by joint appointments with science
departments, by serving on doctoral commit-
tees in their field, and by joint guidance of
_research of science students.

4, The satisfactory acceptance of the first three
of these guidelines obviously establishes a
healthy climate which will permit and encour-
age the extension of equal opportunities and
status throughout the entire profession. This
must be the ultimate goal for the success of the
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engineering-science team within engineering
departments.

While most of the schools surveyed showed a dis-
tinct interest in the non-engineer student, the survey
indicated that about 60 percent of the respondents
offer this non-engineer only an engineering degree.
The reasons for this are not entirely clear, but the
inertia of tradition and the fact that applied science
education is still an academic no-man’s land are

probably the principal causes.

%  The Committee expressed concern for the integrity
" of the engineering degree and believed that it should
be reserved for persons properly grounded in engi-
neering fundamentals and exposed to the concepts of
design and synthesis. Inquiry into the prerequisites
for entrance into graduate engineering programs re-
quired by the respondents revealed the information
shown in Table VL

From these results it seems evident that chemistry,
which is taken by many civil engineers as a one- or
two-semester general chemistry course, is required
by most programs. Calculus and fluids are, likewise,
emphasized as prerequisites. Few of the programs
required structures or transportation courses, and
design was required by some and not by others.

TABLE VI
REQUIREMENTS OF SCHOOLS*
SURVEYED FOR ENTRANCE INTO THEIR
RESPECTIVE ENGINEERING GRADUATE
DEGREE PROGRAMS BY NON-ENGINEERS

Same as  Less than
Topic fng. BS Eng. BS None
Calculus 45 8§ 0
Fluids 43 6 5
Structures 5 11 25
Transportation 3 4 26
Chemistry 51 0 2
Design 13 13 15

*['aken from a survey of 74 schools. In many instances the replies
were unclear or this question;was not answered.

The questionnaire was not {ield tested prior to use
and undoubtedly could have been improved. How-
ever, its message seems clear. Colleges of engineering
are changing slowly. They appear to find it difficult,

or perhaps are reluctant to provide non-engineering
degrees. Moreover, on this question the Conference

did not agree that engineering colleges should offer
nen-engineering or applied science degrees. It may
be concluded that freshman chemistry, freshman and
sophomore mathematics, and a course in fluid me-
chanics are the most essential undergraduate prereq-
uisites to graduate education in sanitary engineering.

If this conclusion is a correct assessment of con-

temporary academic opinion, it must be concluded
that the lines between engineering and science have
indeed been attenuated and that the professionally
capable engineer cannot be identified solely by the
fact that he holds an engineering Jegree. However,
let there be no mistake regarding the fact that engi-
neering analytical and design ability is still the essen-
tial quality by which the performance of the sanitary
engineering profession will be judged.

On the other hand, it must be recognized that little
need exists for the engineering-scientist specialist ‘in
air or water to spend time in the traditional design
courses concerned with structures or transpertation
facilities. While the engineering student normally
achieves some sense of the engineer’s role through
this route, those judgment factors which are’ devel-
oped, and which are largely specific for those partic-
ular fields of application, would obviously not be
ideal for the environmcntgi scientist.

CONCLUSIONS

1. There is a real need for the education of non-
engineering specialists, such as the chemists,
biologists, geologists, meterologists, and statis-
ticians, for service in the environmental engineer-
ing field. As with the engincers, these individuals
should be prepared to function within the spe-
cialty areas of environmental science, such as air,
water, industrial hygiene, etc.

2. 'To provide such specialists the procedure might
be to structure at some schools interdisciplinary
graduate applied science degree programs, pref-
erably closely associated with or in engineering
departments.

3. I non-engineers are to be matriculated in pro-
grams leading to engineering degrees, they
should complete the appropriate undergraduate
preparation in the fields of mathematics, chemis-
try, fluid mechanics, and engineering sciences
required of undergraduate engineering students
who normally enterssanitary engineering curric-
ula. Such students should also complete those
engineering analysis and design courses required
of undergraduates which are central or pertinent
to the sanitary engineering or other graduate
envirenmental engineering curricula.

4, Where non-engineers are to be given applied
science degrees there is no need to require engi-
neering courses of the same depth as given the
engineer even though the degree program is ad-
ministered in a college of engineering. However,
there should be ample opportunity provided
through interdisciplinary seminars and courses
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suitable for both engineers and scientists for the
process of cross-fertilization te occur and espe-
cially for the non-engineer to acquire some ap-
preciation for the engineering approach. Recog-
nizing that mathematics is the most common
mode of expression among engineers and scien-
tists, i{ is believed that non-engineers in applied
science programs should be expected to complete

.

A

the mathematics required of all physical science
and engineering students.

. Non-engineering faculty should be encouraged

to join sanitary and envirogmental engineering
staffs. They should at the same time maintain
their contacts with their basic disciplines
through dual appointments, seminars, research,
and student advising.

LN



VIII.

CRITERIA AND MECHANISMS FOR

ACCREDITATION OF PROFESSIONAL CURRICULA

The question of the desirability of accreditation of
graduate programs has been debated at length even
though the accreditation of first degree programs has
existed for many years. The first graduate program
in sanitary engineering was accredited in 1939, and
by 1966 a total of 15 programs had received ECPD
accreditation. An excellent review of the history and
merits of accreditation was presented by Professor

' J. E. McKee in the Report of the Study Conference on the

Graduate Education of Sanitary Engineers in 1960, McKee
notes that the question for debate 15 whether sanitary
engineering programs should develop in the pattern
of professional schools, for which he believed that ac-
creditation was inevitable, or whether they should
remain under the aegis of the graduate school and
thus be less likely to accept accreditation.

The advantages of the accredited program within
a professional school is the greater likelihood that
sanitary engineering and the other fields of environ-
mental engineering will be recognized as truly pro-
fessional and on a par with medicine and law.
Perhaps the strongest argument presented by McKee
for accreditation is that the frequent examination of
the staff qualifications, -physical facilities, and cur-
ricula of accredited schools will assure that these
programs will become recognized as offering a su-
perior professional education. -Another advantage
cited, but one sure to be opposed by those who hope
to initiate programs with the assistance of federal
funds, is that accreditation provides governmental
and private agencies with a yardstick to measure the
merit of schools to which they contribute. Tt is evi-
dent that accreditation may tend to create an esiab-
lishment, or so it might appear, at a time when many
in our society are questioning the established
institutions.

Professor McKee's case for sanitary engineering
within graduate schools assumed that accreditation
would not be acceptable; to or desired by the institu-
tion. He notes fhat in ia graduate school, sanitary
engineering {and presumably its associated environ-
mental engineering specialities) would be recognized
as an academic discipline, that doctoral candidates
would be subjected to the same high academic re-
quirements as in the sciences, and that innovations

in curricular development would be encouraged,.
rather than restricted by outside control. On the

other hand, we might argue that in some institutions
accreditation of professionally-oriented master’s pro-
grams administered by a graduate dean responsible
for all graduate education is quite feasible and not
necessarily inconsistent with either the concepts of
graduate education or the role of the professional
school. This has been the situation at Berkeley since
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the sanitary engineering program was accredited
there in 1959. After all, external retiew of academic
programs is desirable and in the final analysis only
advisory.

Perhaps one of the most significant actions taken
at the 1960 Conference was the unanimous approval
of four resolutions concerned with accreditation.
These are quoted as follows: -

“1. The ASEIB* should endorse the accred-
itation by ECPI) of graduate programs in
sanitary engineering, including other pro-
grams in sanitary engineering related to
environmental health, beginning with
master’s programs.

2. To be accredited in sanitary engineering,
including other engineering programs re-
lated to environymental health at the
graduate level, {the program) shall not
have to offer instruction in more than one
of the fields considered by the Conference.

3. A resolution favoring these positions
should be transmitted to ECPI.

4. The resolutions and recommendations of
this Conlerence should be submitted to
ECPD as guidelines or general criteria for
the accreditation of suitable programs.”

In June 1966 Dean H. B. Gotaas presented a paper
on Desirability of Acereditation of Graduate Programs in
Engineering at the annual meeting of the American
Society for Engineering Education. He reported that
in ECPD’s 32nd Annual Report it was made clear
that the policy was to accredit curricula leading to
first degrees in engineering and that the accreditation
of graduate programs was a matter of interim policy.
The basis of accrediting graduate sanitary engineer-
ing curricula under this policy was that these were
Jirst degree currieula in a specifically named branch or
area of engineering. However, Gotaas observed that
accreditation of graduate programs in fields other
than engineering has been increasing and that 20
fields had {(in 1966) some form of accreditation. He
concluded that the desirable aspects of accreditation
outweighted the undesjfable and commended the
sanitary engineering profession for its active leader-
ship in the movement for accreditation at the mas-
ter’s degree level.

The question of graduate program accreditation
has been considered by the Committee on Goals of
Engineering Education of the American Society [or
Engineering Education in both its Preliminary Re-
port of October 1965 and the Final Report of Janu-
ary 1968. In the final report the Goals Committee
recommends that during the next decade basic engi-
neering education be extended to include at least one

*Now the Environmental Engineering Intersociety Board; EEIB.
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year of graduate level education. Furthermore, it is
recommended that the accreditation of programs
beyond this level be postponed until such timé that it
is evident that a need exists. However, the Goals
Comumittee favored a flexible accreditation program,
one allowing accreditation at either the bachelor’s or
master’s level, or both, either by general or special
fields.

In many respects the professionally-oriented M.S.
degree in sanitary engineering is a fifth year of basic
engineering education, but in a specialty, following
four years of preparation in science, engineering-
science, and civil engineering. In some institutions
it is possible to select elective courses in the senior
year that become a part of the master’s program,
thus forming an articulated five-year civil-sanitary
engineering curriculum. It would appear that in
these situations the present Goals Committee state-
ment would be in support of accreditation.

It is evident that the engineering education has
moved away from the philosophy of sharply circum-
scribed professional areas, clearly separate from each
other within engineering, and distinctly different
from the sciences and social sciences. This changing
attitude is reflected by the division of opinion regard-
ing accrediting at the 1967 Conference of sanitary
engineering educators compared to the unanimity
favoring accrediting at the 1960 Conference of a
similar group of educators. Why does the young
engineering educator as well as many of his success-
ful older colleagues look with such disfavor upon the
concept of a profession and its sustaining accouter-
ments? There is no single answer to this question,
but among the many answers we might list: (a) the
increasing input of science to all branches of engi-
neering; (b) the increasing numbers of engineer-
scientists who in the course of earning the Ph.D.
degree identify themselves more with science and the
scientist than with an established branch of engineer-
ing; (c) the federal monies supporting basic research
in contrast to the almost total absence of funds for
applied or professiondlly oriented research (this being
especially true in the environmental fields); and (d)
the recognition by the educator that nearly all engi-
neering problems are multidisciplinary and that the
traditionally educated professional engineer may
not be sufficiently. equipped to resolve them. The
above comments apply largely to the educator; the
attitudes of the consultants and other sanitary efgi-
neers nearer the rea! world of the profession will be
discussed later in this chapter.

THE CASE AGAINST ACCREDITATION

The Conference Task Committee on Criteria and
Mechanisms for Accreditation generally opposed ac-

creditation and in their initial report recommended
that the Conference reject ECPD accreditation for
graduate programs and take more positive steps
toward the improvement of education, rather than
an approach based on a negative, mimmum siandard,
punishment concept of actreditation. 'I'he portion of Pro-
fessor McKinney’s Committee report giving argu-
ments against accreditation is presented in this
section, while in the following section an alternate
route to improved education in environmental and
sanitary engineering is offered by the Committee.

“The opponents of accreditation feel that
accreditation is contrary to the basic concepts
of professional education. H the educational
community is truly professional and is willing
to accept its responsibility, there is no nced for
accreditation. In fact, it has been stated that
accreditation retards progressive development
and tends to stifle creative programs through
conformity to a basic educational program.

“Current ECPD accreditation procedures
are designed to set minimum criteria for course
content, faculty and facilities. These proce-
dures tend to produce a relatively uniform
base for all programs having similar designa-
tions. Definite efforts are made to prevent
criticism of specific faculty members. The net
result is that ECPD accreditation tends to be
either mechanically oriented or highly sub-
jective without regard to details. While such
accreditation procedures have been reasonably
successful with moderately large programs of
a uniform character, they cannot be applied
to highly imaginative programs which depend
upon the personal characteristics of one or two
stalf members. Graduate education is pre-
dominantly a personzal interchange hetween an
individual teacher and a few students who act
essentially as apprentices. While such educa-
tion lacks efficiency, it ig the cornerstone of
good graduate education and cannot be stan-
dardized by any accreditation procedures.

“Environmental and saritary engineering is
a broad field which covers many topics and
disciplines. It encompasses the best of chem-
istry, biclogy, physics, mathematics, engineer-
ing, business mranagement, and the social
sciences to solve the multitude of problems
facing man and his environment. Graduates
[rom the various programs fill a diversity of
positions in consulting, in government, in
operations, in construction, in sales, in re-
search, and in teaching. To meet the broad
spectrum of needs, we must have a multitude
of programs with widely differing approaches.
Such a wide scope of programs cannot be
covered with a single accreditation program
such as currently exists with ECPD.

“The opponents of accreditation are op-
posed to the use of accreditation as a basis of
allocating research and program funds from

&
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the federal government. In their opinion allo-
cation of federal funds in this manner is pro-
fessionally unethical and contrary to the
basic concepts of a free society. To them ac-
creditation is one step towards the formation
of a closed society in which a few schools will
be rewarded no matter how productive they
really are.

“Ta date accreditation is not a prerequisite
for successful practice. Professional engineer-
ing societles have net felt that it is necessary
to obtain accreditation of graduate programs.
Least of all, the employers of the engineering
graduates have not shown sulfficient concern
over current education io even express a
desire for accreditation. Current efforts at
certification of graduate engineers by the
Environmental Engineering Intersociety Board
have failed to produce any noticeable improve-
ment in the status of Sanitary Engineers. The
problem does not lie in either accreditation
or certification but rather in the failure of the
profession to recognize its own problems and
to make an honest effort to solve those
problems.

“There is no doubt that there is merit to the
views held by both the proponents and the
opponents of accreditation of graduate pro-
grams in environmental and sanitary engineer-
ing. No one will disagree that there is a need
for continued improvement in education. Dis-
agreement comes only as to the value of ac-
creditation as the mechanism for improvement
in graduate programs.

“There is considerable evidence that the
current ECPI} accreditation procedures can-
not be applied meaningfully to meet the
diverse needs of the field. One of the real
strengths of the field lies in its flexibility to
adjust to new technology and changing needs.
Past experience with ECPD accreditation
would indicate that accreditation would lmit
this flexibility and adaptability in some
schools. To date such limitations have not
occurred but it is believed that this is more
due to the desire of a few individuals to insure
that ECPDFaccreditation is established than to
the mechanism of ECPD accreditation.”

AN ALTERNATIVE TO
ACCREDITATION

“The Task Committee on Accreditation
does not {ecl that there are enough incentives
favoring ECPD accreditation to warrant
recommending it for graduate programs in
environmental and sanitary engineering at
this time. Yet, the Committee recognizes the
need for establishing a mechanism for im-
proving the quality of graduate education. The
following suggestions are presented for consid-
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eration as one method for accomplishing this
goal. :

“‘Initially there is a need 1o provide a con-
tinuing forum for discussion of the common
problems facing education. To dage none of the
existing professional organizations have seen
{it to create such a “forum. Unfertunately,
existing professionat organizations do not lend
themselves to the establishment of an educa-
tional forum devoted entirely te the problems
of environmental and sanitary engineering.
Such a forum could be established similar~to
the University Council of Water Resources
with each participating university having a
single membership. In this way emphasis
would lie with the programs and not with
individuals. It would also insure that all
schools would have an equal voice regardless
of their size.

“The establishment of a University Council
for Environmental agd Sanitary Engineering
would serve notice upon the engineering pro-
fession as well as upon the public that the
educatars are seriously concerned with the
educational problems facing them and are
moving in a concerted effort to help solve those
problems. At the same time University mem-
bership would help conselidate local support
at the University level behind each program.
It would notify each university president and
engineering dean that there was a single pro-
fessional educational group speaking for the
field. By proper demenstration of our responsi-
bilities in this vital area it would be possible to
gain the respect we desire. Too often we have
sought improvement of statug by decree and by
degree rather than by action. The net result
has been a {ailure to gain support or to solve
any of the problems facing us.

“The prime purpose of the University Coun-
cil for Environmental and Sanitary Engineer-
ing would be to focus attention on the key
probiems facing the profession and to suggest
approaches for educating future engineers and
scientists to meet these problems. It should
act as a source of information on each pro-
gram. Prospective students and other inter-
ested persons would be able to locate
information on the.areas of specialization, the
faculty, the courses, the research, and the
facilities of each participating program. Such
information would form a basis ol personal
evaluation without the prejudice of an indi-
vidual accreditation visitor. It would also serve
as a comparative guide between programs and
could be used to stimulate individual suppert
at a particular university.

“It is hoped that the university council will
examine the various programs annually or bi-
annually, noting exceptionally strong pro-
grams as well as weak programs. In both cases
the university council should make a strong
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elfort to publicize the results of its studies. In
this way strong programs could be rewarded
and weak programs could be noted for ifn-
provement. It is expected that this positive
approach would produce more substantial
improvement in graduate education than can
be obtained by ECPID accreditation which is
negatively based on the minimum acceptable
standards. The problem is not to destroy the
weak but rather to raise all schools to the
highest possible level. Only by taking a truly
professional approach and making a positive,
constructive effort to lift all programs can we
possibly solve the problems we carrently face
and the future problems we must face.”

ATTITUDES TOWARD ACCREDITATION
OF SANITARY AND ENVIRONMENTAL
ENGINEERING CURRICULA

In the closing session of the Conference a recom-
mendation was made and unanimously approved by
the conferees that the faculty of each program in
sanitary and environmental engineering be requested
to provide the Conference Steering Committee with a
statement indicating whether or not it concurred in
principle with the concept of ECPD accreditation of
fifth year programs in environmental and sanitary
engineering; and, if so, were they satisfied with the
present mechanism of accreditation. Accordingly, a
letter dated September 1, 1967, was sent to the head
of each educational program listed in the 1966 Regis-
ter of Graduate Programs in the Field of Sanitary Engi-
neering  Education requesting that the matter of
accreditation be discussed with his faculty and that
the consensus be reported to Dean L. G. Rich of the
Conference Steering Committee by October 15,
Copies of the three documents listed below were
enclosed with each letter to assist in the deliberations
of the faculty groups:

Qualifications for Accreditation of Advanced-
Degree Curricula in Sanitary Engineering, ASEIB
(now EEIB) Com. Sanit. Eng. Ed., 1963.

Accreditation ‘of Curricula Leading to First De-
grees in Engineering in the United States, Objectives
and Procedures, reprinted from 33rd Ann. Rept.

ECPD.
Instructions to Fovaluators of Advanced-Degree

Curricula in Environmental Engineering, ASEIB
Camn. Sanit. Eng. Ed., July 1966. E
Fifty-seven letters were sent, and on November 7
a follow-up letter was sent to those that had not
replied to the initial letter. By December 15 replies
had been received from 46 of the 57 program heads
contacted. The results are shown in Table VII, to-
gether with the faculty numbers and enrollment as
reported in the EEIB-AAPSE register for the 1965-
1966 academic year.

TABLE VII
RESULTS OF OPINION SURVEY ON
ACCREDITATION OF MASTER’S
PROGRAMS IN SAN¥TARY AND
ENVIRONMENTAL ENGINEERING

Number Full-Time

Number Of Enrollment

Of Full-Time M.S. PH.D.

Response  Programs Facuity Level Level
For

Accreditation 20 124 265 162

Against
Accreditation 22 86 2066 77
Undecided 4 12 34 33
No Reply 11 50 101 68
Total 57 272 606 340

i

Although a slight majority of the programs were
opposed to accreditation, a majority of the faculty
continue to favor it. However, among the 20 pro-
grams favoring accreditation, only 11 indicated that
they were satisfied with the present mechanism of
accreditation.

Of the 15 accredited graduate programs in 1966,
the faculties of two indicated that they do not favor
the concept of ECPD accereditation of fifth-year pro-
grams. Thirteen of the 15 accredited prograrns were
listed in the register. The average full-time faculty
staff of these accredited programs was 7.2, as com-
pared to 4.8 for the 57 schools listed. ]he average
master’s enrollment of the 13 register schools favor-
ing acereditation was 17.6 compared to 6.6 for the
total listed. These statistics only seem to confirm
what might be expected—that the larger and long-
established schools tend to favor accreditation,
whereas the smaller and newer programs do not.

One of the more common objections of the ques-
tionnaire respondents to the present accreditation
procedures was the inappropriateness of recom-
mending that at least one diplomate of the American
Academy of Environgental Engineers be on the staff
of an accredited program. It was generally agreed
that membership in an organization should not be a
requisite for acereditation even though that crganiza-
tion’s purpose was to recognize outstanding and
qualified professionals in the field. In one instance a
program head indicated that they would probably
drop their accreditation unless this recomrmendation
were changed. It is to be noted, however, that at
least two programs have been accredited in which
there were no diplomates on the faculty. The oppo-
nents ol accreditation generally agreed that it would
tend to stifle innovation in graduate education, that
it discriminates against the small program seeking to
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become established and in need of external support,
and that it might serve to set sanitary engineering
apart from civil engineering at a time when theresis
little or no interest in accreditation among the other
specialty areas of civil engineering.

Recognizing that the attitude of the educator
toward professionalism is likely to differ from that of
the practitioner, Dean L. G. Rich, in his capacity as
chairman of the FEIB Education Committee, also
sent letters of inquiry to sanitary engineers in indus-
5 try, private practice, and government regarding their
" opinions of accreditation. The same documents were

furnished to the practitioners as were given to the
academicians. Of the 30 letters sent, ali of the 16
replies favored accreditation, and, with one excep-
tion, all engineers replying indicated satisfaction
with the present mechanism of accreditation.

CONCLUSIONS--RECOMMENDATIONS

It is evident from the facts presented herein that a
wide spectrum of opinion exists in the academic
sector of the sanitary and environmental engineer-
ing professions regarding the pros and cons of ac-
creditation. No consensus was reached at the
Conference at Northwestern University, and subse-
quent inquiry did not provide a basis for accepting
or rejecting the concept of accreditation of the first
professional degree in sanitary or environmental
engineering. As noted earlier, the ASEE Goals Com-
mittee Is facing a similar lack of consensus and has
chosen to take a position supporting the siaius quo,
no accreditation of second or higher professional degrees in

engineering. The basis of ECPD accreditation of grad-
uate programs in sanitary engineering is that it was
the first professional degree in this field and as such
constituted a fifth year of basic engineering educa-
tion. As other engineering specialtiés adopt the fifth
year of basic engincering, they may also extend their -
accreditation to include these programs.

The Conference Editorial Committee concludes
that the accreditation of graduate programs in
sanitary engineering as initiated in 1959 continues to
be an experiment in graduate engineering accredi-
tation. As an experimental effort, it cannot as yet be
ruled a failure, yet until a similar course of action is
adopted by other professional specialties within engi-
neering it cannot be judged a success. The Commit-
tee therefore recommends that accreditation of
professianal master’s programs in sanitary and
environmental engineering continue to be available
to those groups seeking such recognition.

The question of accred#ation criteria and mechan-
isms can be answered in a more positive manner. Of
the 46 schools replying to the questionnaire, only 11
indicated satisfaction with the present mechanism.
Many of those who opposed accreditation in princi-
ple cited the criteria as arguments against the
principle, while nearly half of those favoring the con-
cept were not in agreement with the methods used to
implermnent it. With due cognizance of the views
expressed by the faculty of over 75 percent of the
sanitary and environmental engineering programs
canvassed, the Editorial Committee can only con-
clude tha: changes in accrediting procedures are
indeed needed and that the success of this experi-
ment in graduate engineering accreditation may well
depend on the nature of these changes.




IX. GRADUATE CURRICULA FOR PROFESSIONAL
AND RESEARCH CAREERS IN ENVIRONMENTAL
ENGINEERING

INTRODUCTION

In today’s complex and changing world, it is not
surprising that the development and maintenance of
the optimum educational experience for enginecrs
charged with controlling the adverse impact of social
and technological development is also a complex,
transient, and often confused underiaking. Couple
the natural forces of change with promotional or
economic incentives to provide special educational
experiences for particular and semetimes short-term
objectives of special interest groups, and the problem
is confounded by almost orders of magnitude. This is
not to say that the influence of special interest groups
on the development of educational programs is neces-
sarily undesirable, but only that such forces do have
a substantial effect on the development of educa-
tional programs at almost all institutions. The influ-
ence of federal support of contract research on the
academic programs of many Institutions has been
both substantial and invaluable in the upgrading of
facilities and staff. It is not unexpected that the
character of research support would have a substan-
tial impact on the pattern of educational programs,
especially in an area as broadly defined as environ-
mental engineering.

In an attempt to provide a basis for a critical and
objective analysis of environmental engineering edu-
cation today and a projection of what 1t should be in
the future, it appeared prudent to the Committee on
Graduate Curricula to assess the general character of
existing educational programs in the field. It is
recognized that each program has evolved in its own
particular fashion, not necessarily as the result of
precise curriculurp design but largely as the result
of historical development or tradition, the influence
of a few strong individuals, institutional objectives
and finances”as well as direct extramural support.
Within the practical limitations of available time,
the Task Committee undertook a limited survey of
the current curricula in 28 educational institutions
with substantial ongoing programs. The list of insti-
tutions surveyed was not intended to be all inclusive;
however, it was believed to be representative and it
included the institutions represented by panel mem-
bers of the Task Committees for this Conference.

TERMINOLOGY

Prior to discussion of specific curricula and their
objectives, a few comments to clarify the terminol-
ogy used may be in order.
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For purposes of this.report the Conference agreed
that enztronmental engineering 1s a generic or umbrella
term for the broad field of endeavor of which sanitary
engineering is a part. It was also noted that although
prior definitions of the term santiary engineering in-
cluded a broad spectrum of activity, the majority of
sanitary engineers are in fact water quality (manage-
ment) engineers. Such terminology and definitions
are consistent with the data reported in the 1966
EEIB-AAPSE Register of Graduate Prr)gmms m the Field
of Sanitary Engmemng Education.

A% discussed in Chapter I, an area of confusion
exists regarding the terms samiary engineering (water
quality engineering) .\and waler resources engineering.
For purposes of this report the term water resources
engineering is considered a generic term applied to all
arcas of water engineering in the broadest sense and
within which the specialty areas of sanitary (water
quality) engineering, hydraulic engineering, and
hydrology are a part. Thus, a water resources engi-
neer should first be either a sanitary engineer, hy-
draulic engineer, or hydrologist.

The term air resources engineering is used as a generic
term including all areas of air resources engineering
such as air pollution control (air guality manage-
ment engineering) and the appropriate areas of
meteorology. The air resources engineering field does
not yet have the historical association with particular
terminology, hence it does not appear to have as deep
an aura of confusion associated with specific termi-
nology as does water resources engineering.

The two other specialized fields of activity dealt
with in the context of this report—radiological health
and szolid waste engineering—appear to be suifi-
ciently defined so that questions of appropriate
terminology are not significant.

FUTURE NEEDS

Before a critical appraisal is made of the ongoing
educational preparation of environmental engineers,
it might be advantageous to consider briefly some of
the objectives and constraints for the education of the
engineer of the future.

In addition to the rapid expansion and increasing
complexity of problems of environmental contrel and
managernent, there are several factors somewhat
related which should be emphasized. First, the role
of government in environmental control is expanding
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rapidly, and it will likely continue to expand with
the support and insistence of congress and the
public. Second, because of the increasing complexity
of pollution problems of all kinds and the corre-
sponding gross increase in expense to the taxpayer
for acceptable solutions, the real world of practical
economics will require that increased attention be
given to problem investigations to insure optimum
solutiens. Such analyses will be aided by the judici-
ous use of systems analysis, operations research
techniques, and computerized data processing and
* analysis. Third, attendant with the increased.public
concern and funds for environmental pollution man-
agement is a marked increase in the number of
professional and scientific organizations and individ-
uals active in the area of environmental pollution
control, Notable examples are the substantial efforts
and activities of several of the giants of the aero-
space indusiry engaged in projects ranging from
composting and solid wastes management to es-
tuarial pollution analysis and reverse osmosis
demineralization.

It has been pointed out in Chapter I that there
have been marked changes in the character of con-
sulting engineering practice during recent years. The
conduct of special studies and investigations, even
including substantial amounts of applied research
and development, constitutes an increasing amount
of the consulting engineer’s time as compared to a
decade or two ago, when his work was largely the
production of designs and specifications, often of a
routine nature. In the future, however, {and in many
instances even today) it seems evident that the con-
sulting engineer will require a greater depth and
breadth of scientific capabilities as well as advanced
levels of specialized engineering technology. In the
chapters of this report devoted to specialized areas,
such as biology, chemistry, and systems analysis, it
is concluded that the environmental engineer needs
more of each to acquire adequate educational ex-
pertise to meet the challenge of the future.

How can such goals as the loregoing be accom-
plished within the framework ol modern educational
systems? It appears that the only answer is more
education for both professional practice and re-
search. Traditionally, at least within the sanitary
engineering profession, the fifth year or master’s
degree level of edueational experience was the
terminal degree for individuals planning to enter

professional practice, be it in government, industry;”

or private practice. Correspondingly, the doctorate
was considered largely for those desiring to pursue
a career in research or education. Today, increasing
numbers of doctorate-level engineers are going into
industrial and consulting practice, and there appears
to be little doubt that this trend will increase mark-
edly in the future.

DEGREES

Master’s Degree

From the pattern of engineering, education teday
it seems evident that the [ifth vear, or master’s degree
levels in environmental-sanitary engineering should
be the minimum educational requirement for essen-
tially all types of professional practice. This level of
education is necessary if the engineer-practitioner is
to maintain a position of leadership in the field and
is requisite for practitioners ranging from sales
engineers or representatives to designers. Designers,
in particular, should have the benefit of the master’s
level of education i optimum functional design
solutions are to be produced and they are to be
current with advances in other sectors of our
technoldgy.

Educational emphasis at present seems directed
more to science than o epgineering practice. Of the
28 institutions included 1h the Committee’s survey,
27 institutions (96 percent) offered master of science
degrees, whereas only 11 of the 28 institutions (39
percent) offered the master of engineering degree.
Moreover, of the 10 institutions oflering both de-
grees, only one institution reported more individuals
pursuing the master of engineering than the master
of science degree. However, here it must be recog-
nized that graduate education began with the
sciences and that in an engineering school today the
science degree designation (i.e., the M.5.} does not
preclude the offering of substantial amounts of engi-
neering oriented course work as part of the degree
requirement.

Considering both the wide diversity of program
objectives as well as subject-area emphasis in the
institutions surveved, it is surprising to note the
relatively minor emphasis on the master of engineer-
ing degree. If the master of engineering degree is to
be offered, it would appear advisable to ofler this
degree for those programs oriented to a terminal
professional curriculum, including the engineering
systems-economic area. If the engineering degree is
to be enhanced in stature, programs of study leading
to both the master of science and master of engineer-
ing should be available® Moreover, if there are any
significant differences in the requirements for the
degrees, the difference should be in the direction of
increasing the requirements and stature of the master
of engineering degree.

Doctor’s Degree

One of the current trends noted in the survey of
educational programs as well as reflected in the
recommendations in Chapter 1 is toward strengthen-
ing the engineering-systems analysis-economic base
for doctoral programs in environmental engineering.
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A corollary trend is noted in the tendency to offer
doctorates in broad engineering areas (such as water
resource engineering) as compared to the traditional
science-oriented Ph.D. programs. Possibly one justi-
fication for the foregoing indicated trends is the in-
creasing number of doctoral level engineers going
into private practice. Chapter I of this report, as well
as the findings of the survey conducted by this Com-
mittee, indicates clearly that consulting engineering
organizations are engaging in an increasing percent-
age of investigative and research and development
work. That such activity requires personnel of a
different level of educational sophistication than the
traditional design function is evident. This trend is
also reflected in the rapidly increasing number of
doctoral level engineers engaged in consulting
engineering. Citing one example does not prove a
rule; nevertheless, it is of interest to note that one
institution reported that its three most recent doc-
toral degree graduates were employed in consulting
engineering practice. Morcover, a senior partner of
a leading consulting engineering firm stated specif-
ically that we cannot call a man a sanilary engineer unless
he has the equivalent of what we now get in a Ph.D. degree
program.

It appears that a marked shift in demand and
opportunity for doctoral level sanitary engineers is
occurring. In the recent past the great majority of
doctorates produced in this field were absorbed by
the academic institutions for teaching and research
positions. If in the future an increasing number of
doctorates enter industry and private practice, the
degree programs should recognize some of the
legitimate needs of the professional practitioner. It
would appear that greater emphasis should be placed
on the engineering economics-systems analysis areas
as contrasted with considerable depth in rather
narrow science-oriented areas. It is recognized that
the engineering doctoral program might have em-
phasis different from the Ph.D. program; however,
in many situations the diflerences may be slight.

If it is accepted that in the future there should be
two types of doctorate programs-—mainly the
science-oriented doctor of philosophy degree and also
the practice-oriented doctor of engincering degree—a
marked change will have to occur in the institutional
degree granting structure. Of the 28 institutions sur-
veyed, 26 offer doctor of philosophy degrees under
programs having a wide variety of designations,
ranging from public health and environmental health
engineering to water resources engineering. Only 3
of these 26 institutions offer both Ph.D. and Eng.1D.
degrees. Moreover, it appears from the available data
that only 1 of the 3 institutions routinely awards
more Eng.D. degrees than Ph.ID.’s. It is believed that
questions regarding the designation and require-
ments for doctoral level degrees in the environ-

mental engineering field need a critical review if
educational institutions are going to meet success-
fully the needs of the profession for more and better
educated engineering practitiongrs. The urgency for
reevaluation of doctorate degree programs is under-
scored by the increasing pressure to provide a
broader educational base without sacrificing compe-
tence in depth. There is a critical need for the
engineering profession to enhance the prestige of its
members as well as to improve its image, and to
identify the appropriate function of the Eng.ID. and
Ph.D. degrees and the nature of the academic
programs leading to them.

ONGOING PROGRAMS

The Committee on Graduate Curricula recognized
at the outset that the s;implistic approach would be to
agree on compromise curricula based upon the ex-
periences and programs at the member institutions.
As the Committee deliberated it also became appar-
ent that each individual questioned could stipulate
the best educational program for any rational set of
objectives. What soon became obvious was the great
lack of specific information about degrees at insti-
tutions offering programs in all or selected areas of
environmental engineering.

An excellent effort in developing specific informa-
tion about educational programs in environmental
engineering was the development of the AAPSE-
EEIB Register of Graduate Programs, previously
cited. As noted in the analysis of data by the
authors of the register, the major deficiencies in the
register were concerned with the lack ol specific
inlormation to identify program strengths, weak-
nesses and requirements. Also, the need was indi-
cated for degree course requirements and the normal
(50 percent or more) courses taken for each degree.
Such information would indicate the actual emphasis
and character as well as the objectives of each degrec
program.

An attempt was made by this Committee to obtain
information on course requirements and on the
greater-than-50-percent elective courses for each of
the degree programs. [t was recognized that the data
would not be complete; but, even limited informa-
tion would provide a better basis for factual study
and analysis than is possible with available informa-
tion. The survey was relatively successful as most
institutions polled provided the information re-
quested. One component of the survey which yielded
particularly interesting results was a questionnaire
sent to a substantial number of former professors in
sanitary engineering who are now eminently success-
ful in the consulting engineering business. The
former-professor consulting engineers were polled as
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to what changes they thought should be made in
existing degree programs and this will be discussed
later in the chapter. .

MASTER’S DEGREE

As noted previously, 27 of the 28 Institutions
polled offer master of science degree programs in the
general area of environmental engineering. One in-
stitution offers only a master of engineering degree,

* and 10 institutions offer both master of science and

master of engineering progrars. However, in several
instances the differences in the two degree programs
were slight.

. . .
Program-Degree Designation

Of the 26 institutions responding to this question,
about two-thirds (15) of the institutions designated
their program and/or degree with the term sanitary
cngineering. Eight of the institutions identified their
program name with the word environment used in a
variety of ways (bioenvironmental engineering, one;
environmental systems, one; environmental health
engineering, three; environmental enginecering and
science, three). Four of the institutions included the
term water resource engineering along with sanitary
engineering and in only one instance in conjunction
with another term.

It is of interest to note that generally the degree
(or graduate school curriculum if an unspecified
degree is used) bears the same name as the program;
however, in the exceptions observed (three), the
degree area was stili identified as sanitary engineer-
ing, whereas the program title was more broadly
designated.

Units

The number of required semester hours for the
master’s degree ranged from an undefined number
(three institutions) td a maximum of 36 units (two
institutions). The mean; number of semester units
required was 31,%nd the median was 30. The lowest
number of required units in a degree program was
24.

Thesis

A thesis was requirea for partial fulfillment of the

master of science degree program at less than one- .
third of the institutions (eight) polled; however, four

institutions required from 2 to 8 units of a special
problem or project (individual study or research).

Degree Program Titles

One interesting characteristic of the inlormation
developed from the survey of the 28 institutions is the

widely variable terminology used to describe educa-
tional programs. It appears that the only rational
way to compare cducational programs and their
objectives is by examination of the curricula that the
majority {50 percent or more) of thestudents follow.

Specific degree programs were often given desig-
nations that had little relation to the title given the
educational program or to the name of the degree.
Terminology, such as areas of specialization, spe-
cialties, major program areas, programs, technical
areas, and options, was used often to indicate areas
of emphasis in degree programs. For purposes of this
report a degree program or curriculum was consid-
ered an entity when the educational institution
identified a group of core or required courses plus
recommended electives under a specific program
title. In. many instances, several programs were
designated as specialty areas, all of which qualified
under a singie-degree designation. Thus, individual
speciaity programs genetally do not have official
degree or curriculum status, but represent a logical
combinatiot: of courses in a particular area which is
acceptable for a degree in a broad subject area such
as environmental engineering or traditionally sani-
tary engineering. Such a procedure appears some-
what deceptive as the degree designation implies a
broad subject area but the actual degree program
followed may be rather narrow or highly specialized.

All 28 institutions surveyed offered a water and
waste oriented program which was most frequently
{16 out of 28 or about 57 percent) described by a
sanitary engineering program title and/or degree
designation. Possibly a more appropriate descriptive
title for these programs would be water quality
{management} engineering. The next most frequent
program title used was water resources engineering,
which was oflered alone or in combination with
sanitary engineering at 9 of 28 institutions (about
32 percent). Specialty degree programs in radiclog-
ical health and air resources engineering were offered
only at 5 institutions (about 18 percent). The only
other specialty degree program offered by more than
one institution was solid wasie engineering, which
was offered at two institutions. Specialty programs
identified as bioenginecring, water chemistry systems
analysis, and design were offered only at one institu-
tion. It should be emphasized that, even though a
specialty program 1n a given area was not identified
at a given institution as such, this does not mean that
one or possibly several courses in that area are not
available at that institution.

It is apparent that a wide range of terminology
is used to designate degree programs in environ-
mental engineering.

Because of the difficulty in determining the actual
character of a degree program [rom its titie, an
analysis was made of the survey information as to the
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TABLE VIII
CHARACTER OF MASTER’S DEGREE PROGRAMS IN SANITARY ENGINEERING
TAKEN BY MOST STUDENTS AT THREE SELECTED INSTITUTIONS
AND PROGRAM CHARACTERISTICS AT TWENTY-TWO INSTITUHITONS®*

Percent of Program Devoted to Each Area
Semester Thesis W & W
Institution Units Required atc? _YYastewater . . Other
Required quire Engineering Chemistry | Biology | Required | Elective
5 Theory | Lab | Design Areas .,
R Selected Institutions
California, Berkeley 24 No 33 17 0 33 17 0 0
Texas, Austin 30 Yes 20 10 10 10 10 10 30
Washington, Seattle 27 Yes 23 8 8 10 8 3t 12
22 Institutions .

Mean 30 29 4.6 6.3 15.2 14.3 15.5 15.0
Maximum 36 63 17 20 B 42 44 52
Minimum 24 10 0 0 oYl oo J 0 0

*Subject areas taken by more than 5{0 percent of all students pursuing M.S. degree. Note that a zero entry does not imply that students
take no courses in that area or that students are not allowed to take electives. In all programs all of the students take some electives.

general composition of the degree programs at each
institution. To insure adequate definition of each
degree program, analyses were made of the core or
required courses. Furthermore, each institution was
asked to identify the specific subiects that the
majority (50 percent or more) of the students com-
plete for cach degree program. These data were in-
terpreted as accurately as possible, and courses were
grouped in subject areas for convenience in tabula-
tion. Liberal use was made of current catalog de-
scription of courses to ascertain the appropriate
categories for cach course listed as taken by most
students.

Sanitary Engineering

Table VIII reports a summary of the composition
of the master’g degred program in sanitary engineer-
ing taken by the majority of the students at three
of the institutions surveyed; plus the mean, maxi-
murn, and minimum values for 22 of the 28 institu-
tions surveyed. Data from six institutions were
omitted from the calculation of the means and
boundary values because of inadequate information
for such an analysis. The three schools selected shaow
a distribution of emphasis in the various subject
areas.

The subject areas for identification and examina-
tion were water and waste engineering subdivided
into primarily theory courses, laboratory courses in unit
operations and processes, and essentially design
courses. The other categories used were chemistry,
biology, other reguired subject areas (taken by 50

percent or more of the students) and electives. In the
latter context the elective heading means only those
electives that are taken by less than 50 percent of
the students and thus cannot be classified in the
other required course area.

Several points may be noted frem the data pre-
sented in Table VIII. Most programs are heaviest in
water and waste engineering fheory, and lightest in
laboratory experience with unit operations and pro-
cesses of water and waste treatment. Coverage of de-
sign in formal design courses is also low, receiving
only about 6 percent of the unit effort. The areas of
chemistry and biology receive about equal emphasis
(14 to 15 percent) from the majority of students, and
the students have an equivalent amount of highly
elective courses {taken by fewer than 50 percent of
the students). There appears to be a wide range of
subject emphasis among the institutions, some of
which may be expected. It also appears that a range
from 10 ta 63 percent'of student effort devoted to the
engineering theory of water and waste management
is more than might be reasonably expected and it is
likely not representative of the actual situation. Al-
though the Committee on Graduate Curricula inter-
preted the information supplied as consistently and
as logically as possible, considerable error in inter-
pretation is likely.

Water Resources Engineering

Table IX reports mean, maximum, and minimum
percentages of effort devoted to each of 14 subject or
course categories for the nine institutions reporting

o
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programs in water resource engineering. Again, the
most notable feature of the analysis is the wide vari-
ability of programs and subject emphasis. At one
institution, 42 percent of the program effort was de-
voted to the hydraulic-fluid mechanics area, whereas
none of the other 8 institutions devoted any effort to
this area. Another important feature of the reported
programs is the breadth of subject matter considered
a necessary part of water resources engineering by
~ some institutions and the relatively narrow character
% of the program at other institurions. Such variation
" in program character may be the result of staff cap-
abilities; however, part may also be due to the lack
of adequate definition given to the objectives of water
resource degree programs and of the professional
area,

TABLE IX
CHARACTER OF MASTER’S DEGREE
PROGRAMS IN WATER RESOURCE
ENGINEERING TAKEN BY MOST (50 PER-
CENT OR MORE) STUDENTS AT NINE
REPRESENTATIVE INSTITUTIONS®

Percent of Program Devoted
to Each Subject

Mean Maximum Minimum

Hydrology

Geo. Hydrol. 10.6 31 —
Hydraulics

Fluid Mech. 6.9 42 0
Water Quality 4.1 10 0
Water & Waste-

water Treat-

ment 9.0 25 0]
Pollution Con-

trof 9.3 25 0
Res. Planning

System Anal. |, 12.4 36 0
Chemistry 9.3 42 0
Biology " 3.8 17 0
Economics 5.2 20 0
Economic Anal.

+ Planning 32 12 0
Pol. Science

Institutions 0.9 7 0
Law 0.4 4 0
Other 17.3 43 0
Electives 6.8 21 0
Required Se-

mester Units — 69 24

*(Clornell, Florida, Towa State, North Carolina, Rensselaer Poly-
technic Inst., Stanford, Texas, Univ. of Washington, Univ. of
Wisconsin.

Atr Resources Engincering

Table X presents a similar tabulation of the sub-
ject area emphasis pursued by the majority of stu-
dents majoring in air resources emgineering at the
five institutions offering programs in this area. Sev-
eral observations may be made from the data re-
ported for the air resources engineering programs
offered by the five institutions. There appears to be
reasonable agreement {or availability of courses) as
to what emphasis should be given to the several sub-
ject areas. The data indicate that an air resources
engineer needs little, if any, educational expasure to
the water and wastewater field.

.
. TABLE X
CHARACTER OF MASTER’S DEGREE
PROGRAMS IN,AIR RESOURCES
ENGINEERING TAKEN BY MOST
(50 PERCENT OR MORE) STUDENTS AT
FIVE REPRESENTATIVE INSTITUTIONS*

Percent of Program Devoted
to Fach Subject Area

Mean Maximum Minimum

Required Sem.

Units 29.4 36 24
Air Pollution

Engineering 22 33 7
Meteorology 7.4 11.0 0
Chemistry 13 20 7
Water Waste

Engineering 5 10 0
Other 15.6 35 0
Electives 37 59 13

*Florida, New York Univ., Oregon State, Texas, Univ. of
Washington.

Radiation and Hazard Control Engineering
.

Table X1 presents a summary tabulation of the
distribution of effort of the majority of students pur-
suing programs in radiological health in engineering
oriented programs. As with previous curricula, there
Is great variation in program emphasis. Except at
one institution, it appears that a radiological health
engineer has relatively little need for education in the
water and waste engineering area. This appears
somewhat surprising considering both the evolution
of the radiological health field as well as the activity
in radiological monitoring of the environment of
which water and waste constitute a substantial part.
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TABLE X1
CHARACTER OF MASTER’S DEGREE
PROGRAMS IN RADIATION AND HAZARD
CONTROL ENGINEERING TAKEN BY
MOST (50 PERCENT OR MORE)
STUDENTS AT FIVE REPRESENTATIVE
INSTITUTIONS*

Percent of Program Devoted
to Each Subject Area

Mean Maximum Minimum
Required Sem.

Units 26 30 24
Rad. Health

Engre. 18.2 40.0 8.0
Radiation

Safety Hazards 6.6 17.0 0
Biophysics or

Medical

Physics 8.8 25.0 0
General and P.

Chem. 11.4 18.0 8
Nuclear Chem-

istry At.

Physics 9.8 18.0 0
Nuclear Eng. 18 9.0 0
Gen’l Environ’l

Eng. 12,8 22.0 7
Water & Waste-

water Eng. 5.4 19.0 0
Other 11 23 5
Electives 14.2 35.0 0

*Includes Florida, lowa State, Rensselaer Polytechnic Inst.,
Texas, and Univ. of Washington.

DOCTOR’S DEGREE

The survey of degree programs at the 28 institu-
tions was also intended to obtain data on doctorate
course programs for each degree area. Unfortunately,
the apparent combination of insufficient definity in
the information request sent to the institutions and
collation of the requested information on course se-
guences taken by most students resulted in a mini-
mum amount of specific information about doctorate
programs. The relatively limited data provided on
doctor’s degree programs were in sharp contrast to
that provided on the master’s program and were in-
sufficient to make a meaningful analysis of the char-
acter of doctorate programs.

As pointed out previously, the most surprising in-
formation gleaned from the results of the survey was
the very limited use of the doctor of engineering
degree. -

Significant variations cccur in tﬁc number of lan-
guages required (1 or 2) and the extent to which
minor areas are identified and given some specific
requIirements.

It is believed by this Task Committee that a de-
tailed survey should be made of the character of doc-
torate programs in environmental engineering not
only for evaluation of what is offered by the selected
institutions but also for establishing a basis for criti-
cal appraisal and evaluation.

FORMER PROFESSOQR-CONSULTING
ENGINEER COMMENTS

A modest effort was made to obtain the counsel of
a select group of individuals, all of whom were at one
time professors of sanitary engineering and are now
successful and prominent consuiting engineers. It
was surprising to note how consistent most of the
comments were regarding what is needed to improve
sanitary engineering education and the profession.
A few highlights from these comments {ollow.

1. There should be more emphasis placed on the
basic theory of processes in nature and treat-
ment plants than in courses in design.

2. Sanitary engineering has too often been taught
largely as a cookbook design subject.

3. There are too many sanitary engineering pro-
grams and teachers and not encugh sanitary
engineering practitioners.

4. Too many sanitary engineering teachers are
theorists and not enough are practicing en-
gineers. All young teachers should be urged
to obtain, as a minimum, some part-time ex-
perience in engineering practice.

5. More emphasis should be placed on the basic
sciences including physical chemistry, bio-
chemistry, and general biology.

6. More attention needs to be given to economic
analysis and the integration of theoretical
principles with design practice.

7. The sanitary engineering profession has over-
emphasized academic coverage of public
health disciplines and biosciences at the ex-
pense of advanced mathematics and fluid
mechanices.

8. Greater emphasis needs to be given to the
techniques of operations research and systems
analysis as well as to advanced economic
analysis.
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9. A competent sanitary engineer today in prac-
tice needs the equivalent of a doctoral level
education. .

Most of the comments provided by the consultants
are timely and appropriate. The real question is:
How can all of these changes and objectives be real-
ized? 1t appears that professors need more contact
with the real world and the practice of their profes-
sion, and the consulting engineer practitioner needs
 the equivalent of the doctorate level of education.
% Hopefully, in the future both of these goals can be
" reached more nearly than at the present time.

RECOMMENDATIONS

1. A concerted effort should be made by the
environmental-sanitary engineering profession,
and particularly by the educators, to develop
quantitative descriptions of the ongeing master’s
and doctor’s degree programs at each institution.
This is a logical extension of the AAPSE-EEIB
register and was in fact recommended by the
authors of the register.

2. AAPSE and EEIB should attempt to clarify and
sharpen the terminology used to describe the en-
vironmental engineering areas.

3. The fifth year or master’s degree level of educa-
tion should be the minimum level for entry into
essentially all types of environmental engineering
practice.

4. A substantial study needs to be undertaken of
the appropriate roles of the master and doctor
of engineering degrees in modern engineering
education. Such a study should include the
objectives, scope, and character of the degree
programs needed to enhance not only the engi-
‘neering practijfioner but the entire engineering
profession.

5. The doctor 6f enginéering degree is the appropri-
ate degree for programs that emphasize engi-
neering systems analysis and it should normally
be the degree program for persons planning to
enter professional practice. Programs of this
type should increase markedly the application

and sophistication of systems analysis and opera-.
tions research tehniques to environmental prob-

lems.

6. Designers of modern degree programs, such as
the doctor of engineering degree, should give
serious consideration to the needs of private
practice and professional engineering.

7. A recommended balanced curriculum leading to
the master of science degree in sanitary engi-

neering (l.e., water quality management engi-
neering} should have approximately the follow-
ing coverage of subject areas.

v
Area Percent of Effort Required
Engineering
Theory 20
Lab (Unit op. &
Process) 20
Design 10
Chemistry _ 15
Biology, Microbiology 15
Systems Analysis, Sta-
tistics, Math, Econ. i5
Electives {Free) 15 ¢
100

Y

8. The first water resources engineering degree
should be at the doctor of engineering level; or,
as a compromise, at the leve!l of the engineer de-
gree as formerly awarded at many institutions.
The water resource engineer should have educa-
tional competence in depth in a key area such as
in sanitary or hydraulic engineering plus broad-
ening education in the relevant subject areas.
The emphasis in doctoral course work would de-
pend upon the first {M.S.) degree of the individ-
ual, but in all cases it should include reasonable
coverage of statistics, systems analysis, econom-
ics and economic planning, political science, and
institutions, and the law, in addition to the sani-
tary, hydraulic, and hydrology areas.

9. A master’s degree curriculum in air resources
engineering might have approximately the fol-
lowing distribution of academic effort.®

Percent of

Subject Area Effort Required

Air Pollution Engineering 25
Physics . 10
Meteorology ) 10
Environmental Health 10
Chemistry 10
Biology 10

Systems Analysis, Math,
Statistics 10
Social Sciences or Electives 15
160

*This particular recommendation was not considered by the
Conference.
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10. AAPSE and EEIB should review periodicaliy
the various degree programs (including the
doctorate) at the institutions engaged in en-
vironmental engineering education and should
publish its considered judgment as to the appro-
priate distribution of educational effort in cach

hat

of the specialty degree programs. Such review
and analysis of education in this field would do
much to improve the programs at all institutions
as well as to add quality angstature to the entire
profession.

e




APPENDIX A
FINAL SESSION

SUMMARY OF

e

Professor G. A. Rohlich, Chairman of the Con-
ference Steering Ciommittee, opened the final session
and briefly outlined the procedures that would be
followed by the Steering Committee and Task Com-
mittees in preparing the final Conference report. He
asked that any statement related to issues raised at
the Conference that had not been offered during the
Conference sessions be sent to him prior to Septem-
ber 15, 1967. The Task Committee chairmen, work-
ing with their Committee members and liaison
members from the Steering Comumittee, were to sub-
mit revised reports of their Committees to Professor
Rohlich by November 15, 1967. These reports will
include the edited notes of the session reporters. The
individual Task Committee reports will be further
revised so as to conform to a single format designed
by Professors Rohlich, Rich, Gotaas, and Kaufman,
who are to serve as an Editorial Committee. When
this revision has been completed a draft of the full
report will be distributed to the Task Committee
chairmen for final review by their Committees.

Session I—The Role of the Engineer in Environmental
Engineering g

Proiessor E. F. Gloyna submitted two recommen-
dations for consideration by the Conference:

1. “Recognizing that few individuals will be cap-
able over the full breadth of Environmental Engi-
neering as defined by the Environmental Engineering
Intersociety Board and noting that the Academy
has recently changed its designation {rom sanitary
engineering to environmental engineering, it is rec-
ommended that the Conference adopt the term En-
vironmenial Engineering as the generic base of (a)
Sanitary Engineering, (b) Indusirial Hygiene Engi-
neering, {¢) Air Pollution Control Engineering, and
(d) Radiation and Hazard Control Engineering.”

‘Professor Gloyna stressed that the four areas of
environmentai®engineering are the current specialty
designations for certilication in the American Acad-
emy of Environmental Engineers. In making the rec-
ommendation there was no implication that the
Conference was being asked to endorse any particu-
lar set of preferred designations, but rather that it
recognize the specialty areas in the broad field of
environmental engineering. The suggestion was
made that water quality engineering replace sanitary
engineering in the recommendation. A motion was
made and seconded to this effect, but it was defeated,
receiving only two affirmative votes. A motion was
made and seconded that the initial recommendation
be adopted by the Conference and was passed with
two dissenting votes.
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2. “It is recommended that the report of Session
1, following inclusion of the reporte}f"’s record of com-
ments made from the floor, be adopied for inclusion
in the final report with editorial changes as appear
appropriate.”’

An extended discussion ensued regarding the na-
ture of the editorial changes kikely to be made. It
was suggested by one member of the Conferéhnce that
water quality engineering and sanitary engineering
not be expressed as synonymous terms in the final
report. It was observed by Professor Rohlich that in
order for the final report to be a coherent and sig-
nificant document, the changes will probébly be
greater than those normally associated with simple
editing. It was moved by Professor Sproul and sec-
onded that the Steering Committee be delegated the
authority of expressing I the report the sense of the
Conference. The motion passed unanimously.

Session IT—Scope of Environmental Engineering

Dr. H. P. Kramer recommended that the report of
his Committee be accepted by the Conference and
the Steering Committee for further editorial review.
Dr. Kramer then presented a recommendation to the
Conference that defined environmental engineering
as follows: _

“Environmental engineering is that branch of en-
gineering that involves the application of scientific
principles to the prevention, control, and manage-
ment of environmental factors that may influence
the physical and emotional health of man and his
well being.”

A motion was made, seconded, and passed that
the recommendation be adopted by the Conference.
Dr. Kramer raised a question regarding the fre-
quency at which such conferences should be held.
He also suggested that the profession was at a point
in time where a manpower study was needed and
that such a study might be undertaken jointly by
AAPSE and EEIB.

Session T11
Curricula

Chemistry in Environmental Engineering

Dr. T. E. Larson, after indicating that the frst
course in chemistry had been restructured based on
discussion occurring during Session III, recom-
rmended that the report of his Gommittee be accepted
by the Conference. The subsequent discussion fo-
cused on the desirability of specific and quantitative
recommendations for required chemistry courses.
Professor Quon suggested that the minimum chem-
istry required for the master’s degree should be
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such as to permit it to be offered in several courses
rather than to require it in a single sequence of chem-
istry courses. Professor Linsky agreed on this point
and urged that it be explicitly incorporated in the
final report. Professor Christman expressed reserva-
tions as to whether the objectives of offering a se-
quence of hasic courses in chemistry, in which the
individual subjects would appear in several process
engineering and water pollution control courses gen-
erally not taught by chemists, could be met by the
topical approach suggested by Professor Quon.

It was moved and seconded that the report be
accepted by the Conference in principle and the
motion passed unanimously. As was evident for
nearly all of the Task Committee reports, their final
form must reflect the sense of the Conference, the
expertise of the Task Committee members, and the
skill and forbearance of the Editorial Committee in
fairly presenting the full scope of opinion expressed
at the Conference.

Session IV—Biology in Environmental Engineering
Curricula

Dr. R. A. Oglesby recommended that the Confer-
ence endorse his Committee’s report as an interim el-
fort. He also offered three specific recommendations:

1. “All environmental engineers should acquire a
basic understanding of biological form and function
and the interactions of living systems through
appropriate required course work.”

2. “Undergraduate students in engineering should
be given the opportunity and encouraged to take
fundamental courses in the life sciences.”’

3. “Curricula for Dbiologists in environmental
engineering programs should be encouraged and
should include such chemistry, engineering, and
especially designed courses in biology that acquaint
the student with the general nature of the fields of
environmentaP cnginéering. However, greatest em-
phasis should be placed on developing the biologists’
skills and knowledge in the applied life sciences.”

The question was raised whether a fundamental
course should be required of all students in all
sectors of environmental engineering. Although no
consensus was evident; the motion to accept the
report subject to further review was passed unani-
mously by the Conference. It was also observed that
whereas it was desirable for all engineers to be
exposed to the life sciences in their undergraduate
education, the competition of the many disciplines
and professional subjects, together with the practical
considerations of curriculum design, mitigate against
a biology requirement at {he undergraduate level.

Session V—S8ucial Sciences in Environmental Engineering
Curricula

Professer R. O. Sylvester presented a summary of
Session V and noted that his Task Committee had
yet to complete their report. In order to obtain the
sense of the Conference he asked whether the inclu-
sion of a required course dealing with the social
sciences was considered appropriate. Professor Syl-
vester indicated that the areas of principal emphasis
in a special course for engineers would bé resources
economics, planning, institutions, and law. The
vote clearly indicated an affirmative consensus to the
question.

Session VI—Planning of Environmental System$

Dean H. B. Gotaas moved that the report of his
Committee be accepted by the Conference. The
motion was seconded ¢nd passed unanimously.

Sesston Vi[—Non-Engineering Studenis in Environmental
Engineering Programs

Professor B. B. Ewing presented three recom-
mendations derived from the report of his
Commitiee.

1. “There is a real need for non-engineering
specialists, such as chemists, biologists, geologists,
meteorologists, statisticians, etc., in the field of
sanitary engineering and in the other fields of en-
vironmental engineering. To provide such specialists
a solution would be to structure in as many schools
as appropriate interdisciplinary graduate applied
science degree programs; preferably, closely asso-
ciated with engineering programs.”

2. “If pon-engineers are to be matriculated in
programs leading to engineering degrees, they should
be required to take or to demonstrate competence in
essentially all of the undergraduate courses normally
completed by engineers entering graduate programs
in sanitary engineering. These would include the
mathematics and chemistry taken by engineering
students and the fluid mechanics and design courses
underlying graduate Work in sanitary engineering.”

3. “Where non-engineers are to be granted
degrees not specifying engineering, there is no need
to require courses of the same depth as those taken
by the engineering student even though the degree
program is administered in the college of engineer-
ing. However, it is important that the non-engineering
student be exposed to the philosophy of the engineer
critical in the investigation, design, and operation of
environmental control systems.”

Professor Ewing stressed that students from the
sciences should not be discouraged from taking an
engineering degree by excessive undergraduate
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course requirement unrelated to the area pertinent to
the degree. On the other hand, if the degree is one in
the applied sciences {e.g., water chemistry) engineer-
ing course requirements should be minimal.

A motion was made, seconded, and passed that
the recommendations be accepted by the Conference.

Session VIII—Graduate Curricula for Professional and
Research Careers in Environmental
Enginsering (cf. Chapter IX)

Professor E. R. Baumann presented the summary
and recommendations of this session. He indicated
that major revisions would be made in the data pre-
sented in the initial report. The individual recom-
mendations were then presented to the Conference.

1. “A concerted effort should be made by the
environmental engineering profession, and particu-
larly by the educators, to develop on a regular basis
quantitative descriptions of the ongoing master and
doctoral programs at each institution. Major effort
should be expended by our profession to clarify and
sharpen the terminology used to describe the fields
within environmental engineering,”

This recommendation, as set forth above, was
approved unanimously by the Conference.

2. “The master’s degree or equivalent educatien
should be the minimum level for entry into essen-
fields of

tially all environmental engineering
practice.”
This recommendation generated considerable

discussion. Professor Herman raised the question of
whether such a recommendation would influence the
certification criteria of EEIB. Professor Hanes
pointed out that only the top 25 or 30 percent of the
B.S. graduates are eligible for graduate work, and
thus a majority of the bachelor’s degree recipients
would not be permitted to enter the field. A motion
was made and seconded that the recommendation be
accepted by the Conference. The motion carried by a
narrow margin, insufficient to meet the two-thirds
majority stipulation of the chairman.

3. “A substantial study needs to be undertaken of
the appropriate role of the master and doctor of
engineering degrees in modern engineering educa-
tion. Such a study should identily the objectives,
scope, and character of the degree programs needed
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to enhance the practice of envirenmental engineering
in all of its areas.”

This recommendation was passed unanimously by
the Conference.

4. “The environmental engineering profession
should hold more frequent conferences, preferably at
not more than three-year intervals, to consider prob-
lems, goals, and programs in environmental engi-
neering graduate education.”

The preceding recommendation was made as a
motion, seconded, and was passed unanimousiy.

Session IX—Criteria and Mechanisms for Acoreditation
of Professional Curricula (cf. Chapter VIII)

Professor R. E. McKinney presented two recom-
mendations for consideration by the Conferenée:

1. “Each school actively offering graduate degrees
in environmental engineering should be sent the
ECPD Criteria for gradmate education in environ-
mental engineering and be requested to discuss the
desirability of accreditation with all staff members
and to submit as soon as possible their opinion. The
results of the survey should be transmitted to all
schools, to AAPSE and to EEIB and should be
incorporated in the final report.”

The above recommendation was offered as a mo-
tion, seconded, and passed by the Conference with
four dissenting votes.

2. “A continuing body on environmental engi-
neering education should be established by the Con-
ference. The continuing or permanent group would
be concerned with the delineation and improvement
of educational criteria. The group should be repre-
sentative of all schools having active graduate pro-
grams and should be known as the University
Council on Environmental Engineering Education.”

It was repeatedly pointed out that ample organiza-
tions exist for the conduct of such studies and that
further groups were not needed. The motion that the
recommendation be adopted by the Conference was
defeated.

Professor Dunstan moved that the Conlerence
chairman act to establish a Committee representing
EEIB, ASEE, and AAPSE and that this Committee
function to continue the discussion of the many
questions raised at this Conference. The motion was
seconded and passed unanimously.
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