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Foreword 

This report is one of a series prepared by the National Research Council 
for the U.S. Environmental Protection Agency. 

In June 1973 the Subcommittee on Agriculture, Environmental, and 
Consumer Protection of the Appropriations Committee of the U.S. 
House of Representatives held extensive hearings on the activities of 
EPA, and the ensuing appropriations bill for fiscal year 1974 directed the 
Agency to contract with the National Academy of Sciences for a series of 
analytical advisory studies (87 Stat. 482, PL 93-135). EPA and the 
Academy agreed upon a program that would respond to the 
Congressional intent by exploring two major areas: the process of 
acquisition and use of scientific and technical information in 
environmental regulatory decision making; and the analysis of selected 
current environmental problems. The Academy directed the National 
Research Council to formulate an approach to the analytical studies, and 
the National Research Council in turn designated the Commission on 
Natural Resources as the unit responsible for supervising the program. 

The other studies in the series, and a diagram of the structure of the 
program are presented on the following pages. Each of the component 
studies has issued a report on its findings. Volume I of the series, 
Perspectives on Technical Information for Environmental Protection, is the 
report of the Steering Committee for Analytical Studies and the 
Commission on Natural Resources. It describes in detail the origins of 
the program and summarizes and comments on the more detailed 
findings and judgments in the other reports. 
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Components of the NRC Program of Analytical Studies for the 
U.S. Environmental Protection Agency 

Project 
Project Chairman Sponsoring Unit of the NRC 

Steering Committee for Analytical · R.M.Solow Commission on Natural Resources 
Studies (SCAS) 

Environmental Decision Malting J.P. Ruina Environmental Studies Board, 
(CEDM) Committee on Public Engineer-

ing Policy 
Environmental Research Assess- J. M. Neuhold Environmental Studies Board 

ment (ERAC) 
Environmental Monitoring J. W. Pratt Committee on National Statistics, 

(SGEM) Environmental Studies Board, 
Numerical Data Advisory Board 

Environmental Manpower (CSEM) E. F.Gloyna Commission on Human Resources 
Energy and the Environment (CEE) S. I. Auerbach Board on Energy Studies 
Pesticide Decision Malting W.G.Eden Board on Agriculture and 

Renewable Resources, 
Environmental Studies Board a 

Multimedium Approach to H. 0. Banks Environmental Studies Board 
Municipal Sludge Management 

Societal Consequences of Trans- W. J. Baumol Assembly of Behavioral and 
portation Noise Abatement Social Sciencesb 

Disposal in the Marine Environment D. S. Gorsline Ocean Affairs Board 
Review of Management of R. W. Berliner Commission on Natural Resources 

EPA's Research Activities 

0 1n cooperation with the BuUdin1 Research Advisory Board. 
b1n cooperation with the BuUdina Research Advisory Board and the Transportation 
Research Board. 
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Preface 

The Committee for Study of Environmental Manpower (CSEM) was 
appointed and directed by the Commission on Human Resources (see the 
Foreword for a description of the overall program of analytical studies 
for the U.S. Environmental Protection Agency). The CSEM met with 
representatives of various organizations including the Environmental 
Protection Agency, the Office of Management and Budget, and the 
Council for Environmental Quality during the course of its study. In 
addition, an all-day public meeting was held by the Committee in 
January 1976 at the National Academy of Sciences. More than 100 
representatives of professional and industry-related associations, educa­
tional institutions, and private businesses presented their views to the 
Committee at that time. 

The Committee has reviewed the substantial body ofliterature that has 
developed in the field of environmental manpower. Unpublished data 
were provided by the EPA. Special tabulations from the National Science 
Foundation 1974 Survey of Scientists and Engineers and the National 
Research Council 1975 Survey of Doctoral Scientists and Engineers also 
were used for this report. 

The study was divided into five parts for effective concentration on 
major elements of the environmental manpower problem and five panels 
were formed to provide detailed information on each of these elements. 

The Committee and its panels used their expertise and their experience 
in environmental pollution control to analyze the best available existing 
data and to interpret the relevant gaps in the body of environmental 

xviii 
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Preface xix 

manpower knowledge. While thoroughly tested data were not always 
available, the Commttee did obtain credible information in numerous 
conferences with experts from government, industry, environmental 
organizations. and the general public. 

The report has been kept brief but addresses principal issues. Detailed 
discussion and tabular information are in supporting appendixes. 
Committee conclusions and recommendations are stated in the Executive 
Summary. 

The Committee's staff provided exemplary service. As staff director, 
Stanton J. Ware brought to his task administrative skills of the highest 
order and a deep understanding of environmental issues. Philip P. 
Nowers, Staff Officer, and Helen A. MacNeil, Office Manager, contrib­
uted in many ways to the completion of the Committee's assignment. 

EARNEST F. GLOYNA, Chairman 
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Executive 
Summary 

The Executive Summary provides a brief description of the study, along 
with the Committee's conclusions and recommendations emphasizing the 
need for a well-coordinated environmental manpower program and for 
experienced professional competence in the development and administra­
tion of the regulations under which EPA must fulfill its responsibilities. 
The Committee suggests particular attention to conclusions and recom­
mendations numbers I, 2, 3, and 11. 

INTRODUCTION 

Manpower aspects of pollution control are a key factor in carrying out 
the nation's goals for improving environmental conditions. Shortages of 
well-trained and experienced manpower can slow the development of 
control technologies, affect program administration, cause inefficient 
control plant operation and process failures, and boost the costs of 
achieving environmental controls. Numerous complex and interrelated 
factors are involved in assuring that the supply of and demand for trained 
and experienced people are well balanced. The Environmental Protection 
Agency (EPA) has responsibilities in this regard that are explicitly called 
for by existing statutes, implicit in the intent of Congress, and inherent in 
Agency leadership in these matters, either in meeting defined responsibil­
ities or in seeking clarification ofEPA's role. 

The national pollution control effort has relied in general on traditional 
market mechanisms to generate and allocate human resources, but 

I 
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2 MANPOWER FOR ENVIRONMENTAL POLLUTION CONTROL 

concern exists in this case about the effectiveness of these mechanisms. 
The Committee concludes that a large-scale or general shortage of 
pollution control manpower is not now apparent or likely to develop in 
the near future. Since this conclusion does not call for action, it is not 
included with the recommendations that follow. It is possible, however, 
that shortages will occur in selected, specialized occupations. The 
Committee notes a possible lack of appreciation by EPA of the value of 
using engineers and scientists who are experienced in pollution abate­
ment. Also, it is apparent that the quality of the current environmental 
work force could be upgraded through supplemental training and 
improvements in the educational process. 

CONCLUSIONS AND RECOMMENDATIONS 

PRIORITY OF MANPOWER POLICIES 

Conclusion 1 

Legislative authorizations, strategies, and levels of activity vary among 
the several environmental programs. All the programs are affected by 
legislatively established time schedules, specifically directed responsibili­
ty for manpower development, anticipated funding commitments, and 
environmental interest and performance in the public and private sectors. 
Yet the emphasis placed by EPA on manpower development has 
diminished since the Agency's inception. This practice shows the low 
priority given the manpower aspects of the pollution control effort. (See 
Chapter 3 and Appendixes A and C.) 

Recommendation 1 

• The Committee recommends that Congress clarify its intent for 
environmental manpower development and training activities in existing 
legislation and provide EPA with a clear directive concerning its manpower 
and training authority. 

• The importance of manpower needs should be recognized by Congress 
and the Executive and appropriately reflected in the Agency's budget. 
Manpower planning and training should be adequately funded, and there 
should be no diversion of manpower planning.funds to other activities. 

• To define and focus environmental manpower responsibilities in EPA, 
we recommend that a high-level group be established within its headquarters 
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Executive Summary 3 

with representation from the regional offices to ensure adequate manpower 
planning and development. This group should coordinate and supplement the 
activities of manpower planning and training staffs in the program areas of 
air, water supply, wastewater, solid wastes, and other program elements. 

MANPOWER PLANNING 

Conclusion 2 

Leadership for planning and developing a national manpower program 
for environmental pollution control logically rests with EPA. Congress 
and the Executive Branch should support this effort. Although the 
Committee concludes that a large-scale or general shortage of pollution 
control manpower is not now apparent or likely to develop in the near 
future, shortages may occur in selected, specialized occupations. Changes 
affecting manpower development and training needs in the environmen­
tal field could come rapidly as a result of the following factors: (1) the 
diversity of skills required among the professional personnel who plan, 
design, and manage pollution control programs and also among the 
subprofessionals, some of whom must be highly trained to operate and 
maintain the pollution control systems; (2) the immensity of the 
anticipated program in which expenditures during the next lOyears will 
be several times those of the U.S. space program; (3) the extremely short 
time span mandated to accomplish this program; and (4) the shift from 
ambient quality standards to quantitative emission standards in air 
pollution control. All these will draw heavily upon the nation's finite 
resources of money, energy, and manpower. 

Success will depend on the uninterrupted availability of specialized, 
highly-trained professional manpower to manage national pollution 
control programs and to conceive, design, construct, and monitor the 
complex systems needed to meet mandated standards. Many of these 
systems do not now exist or are in early stages of development. The 
efficient operation and maintenance of these sophisticated systems will 
depend upon the availability of highly-trained subprofessional manpow­
er. 

The many skills required to carry out the programs and to operate 
control facilities at their designed capacities require that manpower 
factors be considered in all phases of program development and 
operation. The Committee concludes that increases in the manpower 
supply in some specialized fields may not be sufficiently rapid to meet the 
need within the mandated time. Shortages of trained manpower could 
result in inefficient plant operations and could waste capital investment 
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4 MANPOWER FOR ENVIRONMENTAL POLLUTION CONTROL 

and operating funds far in excess of what is required for adequate 
manpower development and training. (See Chapters 2, 3, and 6, and 
Appendixes B and C.) 

Recommendation 1 

• The Committee recommends that EPA present to the Executive Branch 
and Congress a comprehensive program of support for the development of 
professional and subprofessional manpower and operators. (The section in 
Chapter 3 entitled .. Present and Proposed Manpower Activities" contains 
guidelines as to when training programs would be recommended.) This 
program should be appropriate to the legislated goals of controlling 
environmental pollution. Such a program should include a long-term strategy 
for environmental manpower development based on manpower planning and 
using the most appropriate educational techniques. The manpower program 
would be implemented at the federal, state, and local levels under the 
leadership of EPA. 

• An environmental manpower impact analysis should be made to assure 
that the professional and highly-trained subprofessional manpower required 
to implement environmental legislation can become available within the 
prescribed time. This thorough assessment of manpower requirements should 
be done when legislation is drafted and hearings are held rather than after 
enactment of the legislation. 

• EPA should use these impact analyses as a basis for making 
recommendations to Congress and the Executive Branch concerning 
programs required to avoid shortages in the manpower necessary to carry out 
the proposed legislation. 

TECHNICAL INPUT TO EPA DECISION MAKING 

Conclusion 3 

Since the statutes and regulations under which EPA must act are 
complex, they require a high level of experienced technical input in 
operation to avoid conflicting directives and regulations that lead to 
unnecessary litigation. In the Committee's view, although EPA has many 
well-qualified technical personnel, there are too few experienced techni­
cal personnel at decision-making levels. Unfortunately, there has been 
substantial confusion in the development of clear, workable guidelines 
for problem solution, management of construction grants, issuance of 
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Executive Summary 5 

permits, and, particularly, in the conduct of enforcement actions. The 
situation is more complex because EPA is subject to Executive policy, 
Congressional mandates, and court decisions resulting in instances of 
conflicting operational directives. (See Chapter 3 and Appendix C.) 

Recommendation 3 

• EPA should better use its technical personnel to assure that its directives 
can be accomplished with existing or soon-to-be-available technology. 

MANPOWER COORDINATION AT THE FEDERAL LEVEL 

Conclusion 4 

Although EPA has a primary role in environmental manpower develop­
ment, it has not coordinated its programs with the environmental 
manpower research and training programs carried on by the Department 
of Health, Education, and Welfare, the Department of Defense, and 
other federal agencies. (See Chapters 3 and 6, and Appendix C.) 

Recommendation 4 

• The Committee recommends that EPA establish a well-coordinated 
federal manpower planning and training program for environmental control 
Such a responsibility should be mandated by Congressional and Executive 
action. 

ASSISTANCE FOR STATE AND LOCAL AGENCIES 

Conclusion 5 

Cooperation is needed among various levels of government and the 
private sector to assess environmental manpower needs and to plan cost­
effective programs to meet them. 

Many of the training programs for operators and technicians are at 
state and local levels. These include local school districts, state vocational 
education programs, community colleges, and federal programs to reduce 
unemployment such as those under the Comprehensive Employment and 
Training Act. Local manpower planning and training are generally 
limited to those occupational categories where local resources can meet 
the demand While local educational programs produce a substantial 
number of operators and technicians, the dispersed nature of the system 
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6 MANPOWER FOR ENVIRONMENTAL POLLUTION CONTROL 

makes national summary data difficult to obtain. (See Chapters 3, 4, and 
6, and Appendix D.) 

Recommendation 5 

• The Committee, recognlZlng that delivery systems for specialized 
training are largely in the hands of state and local officials, recommends that 
EPA pursue a three-part strategy to assist in monitoring and mobilizing these 
resources for pollUlion control: 

( 1) EPA should provide technical assistance and grants to give state and 
local agencies the tools needed to plan for manpower demands in environmen­
tal protection,· 

(2) EPA, state, and local environmental officials should work with 
education administrators concerning special training programs. Careful 
manpower planning is essential in order to make the most effective use of all 
available resources; and 

(3) EPA should identify the gaps in state and local programs and prepare 
a national assessment of demand and supply. Working with the U.S. 
Department of Labor, the Office of Education, industry, and professional 
associations, EPA should provide leadership in the development of programs 
to support state and local manpower activities. 

PROJECilON MODELS 

Conclusion 6 

Demands for environmental manpower are strongly aft"ected by legisla­
tive action, the resulting EPA regulations, and the national economy. 
Thus, demand projections, particularly over long periods of time, are 
highly conditional by nature. The critical importance of policy and 
economic assumptions to accurate projections must be kept in mind in 
assessing the validity of such projections. Still, projection models can 
identify possible imbalances based on the best available information, 
particularly for incremental analyses involving program changes. 

Projections of environmental manpower supply and demand have been 
subject to a number of deficiencies which are of particular concern to the 
Committee. Most of these projections have been aggregated at a national 
level. This makes their use risky, because the comparison of projected 
supply and demand ignores distances between geographic sources of 
supply and points of demand. But distances between jobs and potential 
workers are important, and they are more important in occupational 
categories whose job-seeking radius tends to be local than in others with a 
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Executive Summary 7 

national job market. This aspect of planning is but one of several 
important behavioral characteristics that are ignored in current projec­
tion models, all of which have potentially important impacts on 
imbalances between the supply of and demand for environmental 
manpower in ditrerent occupational categories. (See Chapter 5 and 
Appendix B.) 

Recommendation 6 

• The Committee recommends that EPA increase its use of manpower 
analysis tools that are available both within and outside the Agency for a 
better understanding of fature manpower requirements. Data sources and 
projection models from the National Science Foundation, Bureau of the 
Census, and Bureau of Labor Statistics should be used more extensively. 

• EPA should also strengthen its support for state and local manpower 
planning. Support should be encouraged from other governmental agencies 
interested in local labor market planning in order to develop an adequate data 
base. Emphasis should be placed on a detailed examination of portions of an 
overall manpower projection model, concentrating on more local or regional 
problems, or both. Efforts should be made to identify those occupational 
specialities that are critical to effective pollution control. 

• The Committee farther recommends that EPA itself improve its 
environmental manpower projection methodologies by relying both on staff 
expertise and advisory committee evaluations. These projections should be 
disaggregated to specific job groups in each categorical program and to 
sufficientlj small geographic areas to be of use to state and local 
environmental manpower planners. Much greater emphasis should be placed 
on accounting for those behavioral characteristics of the environmental labor 
force that are likely to have a bearing on imbalances between supply and 
demand, particularly at state and local levels. 

ADVISORY PANEL 

Conclusion 7 

EPA terminated its limited use of advisory panels in the fields of 
manpower planning and training. The Committee concludes that the 
complete absence of regular input from experts to the development of 
manpower policy is a deficiency that should be corrected. (See Chapter 3 
and Appendix C.) 

Copyright © National Academy of Sciences. All rights reserved.

Manpower for Environmental Pollution Control:  A Report to the U.S. Environmental Protection Agency From the Committee for Study of Environmental Manpower, Commission on Human Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=20329

http://www.nap.edu/catalog.php?record_id=20329


8 MANPOWER FOR ENVIRONMENTAL POLLUTION CONTROL 

Recommendation 7 

• The Commillee recommends that a technical panel be established to 
advise EPA in manpower planning and education. This panel should include 
experts from state and local agencies, industry, and the academic community. 
Specifically, the panel should include engineers, scientists, manpower 
planning specialists, and managers of environmental control systems. 

CHARGES FOR TRAINING 

Conclusion 8 

EPA's role in conducting training programs in pollution control for 
personnel not employed by EPA and charges to participants in these 
programs have been controversial. These charges have adversely affected 
participation in the training programs, particularly by state and local 
employees. Various actions have discouraged EPA from providing direct, 
specialized instruction. Nonetheless, a need exists for the training of 
instructors and a capability for the development of training materials. 
(See Chapter 3.) 

Recommendation 8 

• The Commillee recommends that EPA make a major effort to develop 
local institutional arrangements to meet specialized training requirements. 
EPA should continue to develop training materials where appropriate, and to 
train instructors. Involvement in direct training should continue on a limited 
basis. Since participation is constrained when fees are imposed. the 
Commillee recommends that EPA eliminate fees for these training programs. 

RESEARCH, TRAINING, AND TECHNICAL CENTERS 

Conclusion 9 

Research is an integral component of professional education, particularly 
in the complex field of environmental control. Therefore, research policy 
should explicitly embody training objectives as a major element. 
Furthermore, investment in research helps to build centers of expertise 
that provide training for the areas in which they are located. These 
contributions to overall pollution abatement efforts offer lasting and 
significant results beyond individual project work. This should be 
recognized by EPA's Office of Research and Development, and research 
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Executive Summary 9 

funding should be planned in coordination with the proposed EPA 
manpower planning group. (See Chapters 4 and 6.) 

Recommendation 9 

• The Committee recommends that, as a means for expediting technology 
transfer, personnel associated with technically-based emironmental systems 
be provided with opportunities to obtain up-to-date career training by 
association with research activities. Funds should be allocated to educational 
institutions for development of emironmental research and training centers 
that can serve as such sources of technical assistance to small businesses and 
to government. This recommendation should be accorded a priority high 
enough to assure student involvement in ongoing studies of pollution 
abatement and control methodology. Funding for such centers should be 
awarded on a competitive basis. 

ENVIRONMENTAL MANPOWER REQUIREMENTS IN TIIE PRIVATE SECTOR 

Conclusion 10 

The private sector is a major employer of environmental manpower. 
Estimates of these manpower requirements can be related to planned 
environmental expenditures to estimate the magnitude of future needs. 
Traditionally, larger industries have used in-house and on-the-job 
training to develop manpower to solve environmental problems and have 
relied on educational institutions to provide basic education. Although 
this trend will continue, the emphasis on highly specialized manpower 
will stimulate additional needs for formal training and continuing 
education in environmentally-related disciplines. Various small business­
es, on the other hand, may find themselves confronted by highly technical 
problems but with no reliable access to needed technical advice on 
problem-solving capabilities. Therefore, additional assistance must be 
provided to these firms as well as to individuals. (See Chapters 4 and 6, 
and Appendix E.) 

Recommendation 10 

( 1) EPA should analyze manpower needs for industry and the private 
sector as these needs are influenced by existing and proposed emironmental 
legislation. 

(2) EPA should obtain the participation of private industry in its training 
mission for environmental manpower. More specifically, student cooperative 
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10 MANPOWER FOR ENVIRONMENTAL POLLlITION CONTROL 

programs should be extended to potential employees, and continuing 
education efforts should be enhanced. Pri'vate industry should be encouraged 
to take a more active role in advising the appropriate educational institutions, 
environmental agencies, and EPA in their assessments of training require­
ments. 

(3) EPA should cooperate closely with the private sector to design and 
conduct a long-term personnel study to produce the data necessary to assas 
current personnel use and to project future manpower requirements and 
training needs. 

(4) Congress should appropriate funds to enable local agencies and 
organizations to provide technical assistance and accurate information to 
farmers and small businesses unable to afford technical manpower to carry 
out the objectives of environmental legislation. 

CONTINUITY IN OPERATION OF POLLlITION CONTROL SYSTEMS 

Conclusion 11 

Most environmental control systems are based upon biological processes 
that degrade wastes. These systems must be operated on a continuous 
basis to be effective. If they are not and if the operating environment is 
not properly controlled, microorganisms die and render the processes 
inoperative for extended periods of time. One of the most serious 
obstacles to the continued operation of pollution control systems is work 
stoppages of environmental control facilities. Interruption of biological­
ly-based environmental protection systems can be disastrous, causing 
damage to the systems, degradation of the environment, and potential 
impairment of the health of the people. (See Chapter 2 and Appendix D.) 

Recommendation 11 

• EPA should recognize and study the critical necessity for continuous 
operation of biologically-based environmental protection systems and make 
appropriate recommendations to Congress concerning solutions to this 
problem. 
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Executive Summary 11 

SUMMARY OF CHAPTERS 1 THROUGH 7 

INTRODUCllON 

(See Chapter 1) 

The Committee for Study of Environmental Manpower examined 
environmental pollution control manpower needs, both existing and 
anticipated. A broad spectrum of related problems was studied. 

The statutes, through which Congress has set the desired course of 
action, were examined to determine applicability to manpower planning 
and development. It is apparent that EPA was expected to take the lead 
in assuring availability of adequate manpower for carrying out the 
national pollution control program. 

Manpower is a key element in controlling the pollution of our 
environment. The long-range success of abatement and control programs 
depends not only .upon the passage oflegislation and compliance with the 
laws, but upon the cooperation of state, local, and federal governments 
and industry to make the best use of manpower for achieving established 
national goals. 

RATIONALE FOR ENVIRONMENTAL MANPOWER PLANNING AND POLICY 

(See Chapter 2) 

The question of adequate environmental manpower should concern 
Congress, EPA, and the nation. The rationale for environmental planning 
and policy involves four factors: the time schedule imposed by law for 
specific environmental goals; specific directions in legislation for federal 
authorities to study appropriate labor markets and stimulate the 
development of certain occupations; the levels and patterns of capital 
and other expenditures that may be needed to achieve environmental 
goals; and the fact that the pollution control program is highly reliant on 
the public sector. 

MANPOWER DEVELOPMENT ROLE OF EPA 

(See Chapter 3) 

EPA staff is characterized by good technical qualifications, higher-than­
average grade levels, and by generally higher educational levels and a 
greater proportion of scientists and engineers than similar federal 
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12 MANPOWER FOR ENVIRONMENTAL POLLUTION CONTROL 

technical agencies. Yet there is a need for greater practical, technical 
experience in design and systems operation, especially in senior manage­
ment 

The Agency lacks a clear and comprehensive directive to engage in 
overall manpower planning and development activities. A long-term 
manpower strategy or centralized leadership is needed to carry out 
existing manpower functions. The various offices charged with these 
responsibilities interpret their tasks in widely different ways. Funds and 
personnel allocations for manpower planning and training programs 
have decreased drastically, and academic training grants and fellowships 
are being discontinued at the direction of the Office of Management and 
Budget. 

EMPLOYMENT OF POLLUTION CONTROL MANPOWER 

(See Chapter 4) 

The EPA and others have voiced concern that, as the environmental 
pollution control program develops on a nationwide scale, manpower in 
the future might not be in balance with increased demands. Ensuing 
chapters of this report provide information that can assist in assessing 
potential imbalances by examining current employment (Chapter 4), 
estimated future demand through 1985 (Chapter 5), and the supply of 
manpower (Chapter 6). 

Time did not allow for conduct of new surveys, but a substantial body 
of data was already available, although it was sometimes inconsistent. 
The data showed that the impact of pollution control manpower is 
greatest for local governments and the private sector. Direct employment 
attributable to all pollution control activities amounts to some 700,000 
persons. 

Environmental scientists and engineers play an important role in all 
aspects of the anti-pollution program. The most recent data available, for 
1974, indicated that almost 135,000 scientists and c:ngineers worked in 
pollution control as a primary activity. A principal area of employment is 
in research and development. 

DEMAND FOR POLLUTION CONTROL MANPOWER, 1974-1985 

(See Chapter 5) 

A major difficulty in balancing future supply and demand lies in the 
virtually impossible task of predicting economic and related conditions 
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Executive Summary 13 

even a decade in advance. Combined with economic uncertainty are the 
imponderables of changing Congressional priorities and associated 
federal policies. Changing public interest has a far-reaching and potent 
effect on the degree of support provided by any Administration as well as 
by Congress. Added to these factors are the requirements dictated by the 
international situation, both economic and political. Consequently, the 
Committee considered it unwise to adopt a unified set of projection 
results based on available manpower modeling techniques. 

Separate sectors of environmental pollution control activity were 
considered in order to analyze significant changes in future manpower 
demand. The Committee anticipates that federal needs will remain stable 
or decrease slightly, while state and local agencies will assume increasing 
responsibility for pollution control programs. The greatest manpower 
demand should arise from local activities involving operators and 
subprofessional personnel. 

Manpower demand changes from 1974 to 1985 are estimated as 
follows: (1) federal, private sector (including industry), and local solid 
waste management-little change; (2) local water supply-small increase 
of about 10 percent; (3) local water quality operations and state-local 
regulatory activities-substantial increase of about 50 percent; and (4) air 
pollution-little growth, but change in nature of activities and skill mix. 

SUPPLY OF POLLunON CONTROL MANPOWER 

(See Chapter 6) 

The bulk of future environmental manpower needs is likely to be met by 
employment of persons transferring from other activities and possessing 
varied basic training. Current and future supplies of highly-trained 
personnel are related to those generally available in the economy as a 
whole, as affected by competition from other national programs. Less 
than 1 percent of all workers, but 12 percent of all scientists and 
engineers, now are engaged directly in pollution control activities; the 
ratio is 6 percent for scientists and engineers at the doctoral level. 
Examination of degree projections over the next decade reveals that the 
educational system normally will produce enough scientists and engi­
neers overall to meet the nation's requirements. At the same time, more 
good quality supplemental pollution control education will be needed. 
Major sources of training for operators and technicians arc expected to 
produce an adequate number of workers in these categories, although the 
quality of training is expected to vary considerably. 
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14 MANPOWER FOR ENVIRONMENTAL POLLtmON CONTROL 

QUALITY OF MANPOWER 

(See Chapter 7) 

Size of the labor pool is only one aspect of manpower needs in pollution 
control. Also involved are the characteristics, efficiency, and cost 
effectiveness of environmental manpower. 

Pollution control personnel must be versatile and have a wide variety 
of knowledge and skills in fulfilling their major responsibilities. Examples 
drawn from the nation's wastewater treatment program indicate the kinds 
of problems that may occur if specialized technical training is neglected. 
Some surveys suggest that poorly trained operators make it difficult for 
numerous treatment plants to function at a high level of efficiency. 
Furthermore, the economic benefits of training are significant as 
compared to costs. 
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1 Introduction 

This study is one of several done under a contract with the Environmen­
tal Protection Agency (EPA) which provides for analytical studies of the 
Agency's decision-making processes. The agreement resulted from a 
Congressional directive in the EPA appropriations bill for FY 1974. The 
basis for that action was explained in a report by the Subcommittee on 
Agriculture, Environmental, and Consumer Protection of the House 
Committee on Appropriations (House Report 93-275). 

OBJECTIVES 

Manpower is a key element in successful prosecution of an effective 
national pollution control program. This Committee was responsible for 
analyzing current and future scientific and· technical manpower needs for 
such a program. In its study, the Committee considered the profile of 
personnel requirements in this field, estimates of personnel supply and 
demand, sources of personnel, and the ways in which individuals with 
scientific and technical competence are brought into the pollution control 
work force. In addition, the Committee examined EPA responsibilities 
and programs for education and training of pollution abatement and 
control manpower. 

15 
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16 MANPOWER FOR ENVIRONMENTAL POLLUTION CONTROL 

SCOPE OF STUDY 

The study covers a wide range of manpower problems that EPA can be 
expected to face, especially in the period 1976 to 1985. It assesses 
personnel needs stemming from emerging technologies and changing 
patterns of federal, regional, state, and local cooperation and it explores 
the availability and usc of training and education facilities and how 
workers can be recruited in manpower-short fields. The Committee gave 
particular attention to the interaction between EPA and educational 
institutions, including exchange of scientific and technical personnel and 
funding of training programs to supply the expertise needed by state and 
local employers. The Committee also looked at EPA's usc of scientific 
and technical personnel, especially at policy-making levels. 

STRUCTURE OF THE STUDY 

Since EPA must operate according to mandates established by Congress, 
the Committee took into consideration the requirements of existing 
statutes. These requirements were the foundation for assessments of 
manpower development needs, supply and demand characteristics, 
quality factors, and federal responsibilities for the development of 
education and training resources. 

COMMl1TEE ORGANIZATION 

The 12 Committee members and its chairman came from all parts of the 
nation and from business and industry, federal and local government, 
and the academic community. 

Five supporting panels, which were coordinated by the Committee, 
were responsible for manpower analyses in specific areas of major 
concern. All Committee members served on a panel and each panel was 
chaired by a Committee member. To draw upon an even wider range of 
knowledge and experience for the study, additional panel members from 
state government, industry, and the academic community were invited to 
participate. Their names arc listed in the panel reports, which accompany 
this document as appendixes. 

WORK OF THE PANELS 

The five panels were set up because a more detailed study of manpower 
for environmental pollution control was required than could be done by 
the Committee alone. Their reports serve as specific data sources to 

Copyright © National Academy of Sciences. All rights reserved.

Manpower for Environmental Pollution Control:  A Report to the U.S. Environmental Protection Agency From the Committee for Study of Environmental Manpower, Commission on Human Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=20329

http://www.nap.edu/catalog.php?record_id=20329


Introduction 17 

provide subject coverage in detail that was not practicable in the 
Committee report. Appendix reports were prepared by panels on: Legal 
Aspects; Methodology and National Data Aspects; Federal Aspects; 
State and Local Aspects; and Industry and Private Sector Aspects. 

SYNTHESIS OF THE STUDY 

Projecting manpower supply and demand for environmental pollution 
control is difficult at best. Changing technologies, unevaluated operating 
data, and the lack of experience on which to base forecasts and to judge 
the effect of regulations combine to hinder the construction of depend­
able projections from general economic information. 

The nation's pollution control effort relies for the most part upon 
traditional market mechanisms to generate and allocate the resources, 
both material and human, needed to achieve national goals and it ignores 
most forms of planning for resource distribution. However, the effort 
does represent a departure from the past in establishing specific goals as 
part of U.S. law. This presumes that demands for goods and services 
generated by the pollution control program will be met by increased flows 
of trained persons through existing channels of supply. Although this 
may be a valid assumption, there is substantial concern in the environ­
mental community that the effective operation of the market may be 
more complex than is sometimes assumed and that the flow of high 
quality people into pollution control may be constrained by such factors 
as an inadequate flow ofinformation among students and workers. 

Consequently, there appears to be good cause to study carefully the 
demands for and sources of qualified manpower as a basis for the 
development of a plan to assure that the workers who are needed to 
achieve environmental goals will be available. This report tries to assess 
the manpower impact of the national environmental pollution control 
program and it analyzes both supply and demand aspects of the problem. 
Precise quantitative answers were unobtainable, especially for as far in 
the future as 1985. However, estimates were made and opinions were 
formed that are based on professional experience in environmental 
control. 

Manpower numbers alone are by no means the entire story. Quality is 
a highly significant factor involving training and experience. The 
Committee was particularly concerned with examining the quality factor 
within EPA because this plays an integral role in the Agency's decision­
making process. Furthermore, EPA has both internal and external 
training and education responsibilities that affect the quality of environ­
mental manpower. Relevant statutes stipulate that state and local 
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18 MANPOWER FOR ENVIRONMENTAL POLLUTION OONTROL 

governments should receive assistance and support from EPA in meeting 
their requirements for scientific, technical, and operating personnel. This 
report and its appendixes examine areas where meaningful collaboration 
can be established with educational and other institutions to achieve 
realistic training goals. 

Time did not allow for collection of original data or for extensive case 
analyses for this 'report. Such studies might have improved the Commit­
tee's analyses and reflected more accurately the environmental manpow­
er requirements in 1985. Data used in the report were the best and most 
credible to be had. Valuable basic studies have been conducted or 
supported by a number of organiz.ations such as the National Science 
Foundation, Bureau of Labor Statistics, Council of Environmental 
Quality, National Commission on Water Quality, National Planning 
Association, and the Water Pollution Control Federation. All generously 
shared their findings with the Committee, as did EPA. Other important 
information was available to the Committee in the combined experience 
and knowledge of its members. 

There are no hard-and-fast solutions to the problems involved in 
maintaining a balance between manpower supply and demand for 
environmental pollution abatement and control. The Committee applied 
its collective experience to interpretation of the best available data and 
other information. The results of these analyses are presented in the hope 
that they will serve as a guide to improved manpower planning, training, 
and use. 
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2 Rationale for 
Environmental Manpower 
Planning and Policy 

Why should the question of adequate environmental manpower concern 
Congress, EPA, or any other national body? And even if there might be 
serious imbalances between supply and demand, are any tools available 
to deal with these imbalances? 

In the past, many highly technical innovations were accomplished 
without help from national agencies. There was, for example, the recent 
and rapid shift to the use of automatic data processing technology by 
virtually all sectors of the economy. Although the federal government 
was much involved for at least 30 years in the development of computer 
technology before the emergence of a commercially viable new industry, 
the prodigious manpower requirements for the shift to automatic data 
processing were met without the promulgation of a national policy to 
coordinate the training of all the analysts, programmers, repair workers, 
engineers, managers, and operators needed to install and run the new 
systems. For the most part, traditional market mechanisms operated 
efl"ectively to allocate human resources with appropriate skills and in 
adequate numbers to successfully manage this highly innovative and 
technical endeavor. 

If the normal functioning of the labor market does not produce all of 
the human resources needed for attainment of the nation's pollution 
control goals, the government should consider participation in the 
development of such resources if the goals are to be met. Government 
participation could also be useful in the event that there happened to be 
an excess of trained manpower in some specialties. The reasons lie in 

19 
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20 MANPOWER FOR ENVIRONMENTAL POLLtmON OONTROL 

several fundamental differences between the pollution control program 
and other national pursuits. These important differences are based on 
national environmental policy, as reflected in years of legislative action, 
which has established and reaffirmed the commitment to a cleaner 
environment. The specific approach that has come to characterize this 
legislation necessitates support by the federal government and other 
national institutions in the balanced development of pollution control 
manpower. 

There are four interrelated reasons for this special concern with 
environmental manpower that are discussed in this chapter. These 
reasons are: 

• the time schedules for specific goals that are imposed by environ­
mental legislation; 

• specific directions in some of the environmental legislation which 
call for federal study of the appropriate labor markets and stimulation of 
manpower development in certain occupations; 

• the high levels and patterns of capital and other expenditures that 
are anticipated in achieving environmental goals; and 

• the fact that the pollution control program is highly reliant on the 
public sector. 

LEGAL FRAMEWORK OF THE NATIONAL POLLUTION 
CONTROL PROGRAM 

The Committee•s analysis was made on the basis oflegislation existing by 
early 1976. Therefore, it was not feasible to make adjustments which may 
have resulted from legislation approved after that time. It is believed that 
more recent legislation does not substantially affect the manpower 
analysis. 

The National Environmental Policy Act (NEPA) of 1969 created a 
broad framework for restoring and maintaining environmental quality. 
Subsequent legislation sets goals and time schedules for rehabilitation 
and high quality maintenance of the nation's water, air, and general 
environment, with major responsibility vested in EPA. (The Legal Panel 
explains this subject more fully in Appendix A.) 

In the case of water, the goal is to have navigable waters clean enough 
for "the protection and propagation of fish, shellfish, and wildlife 
and ... for recreation in and on the water," by July I, 1983. 
Elimination of pollutant discharges into navigable waters is an objective 
which presumably will be achieved in 1985. Interim goals for wastewater 
treatment for 1977 and 1983 are established for government and industry 
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Rationale for Environmental Manpower Planning and Policy 2 I 

under the Federal Water Pollution Control Act Amendments of 1972. 
With respect to drinking water, the Safe Drinking Water Act of 1974 
required EPA to publish proposed interim primary drinking water 
regulations by June 1975, to take effect 18 months after promulgation. 
Secondary drinking water regulations were to be promulgated by 
December 1975. 

Goals for air include the establishment of national primary and 
secondary ambient air quality standards by mid-1972 to protect public 
health and welfare. Plans were to be developed and implemented for 
attainment of primary standards within specific time periods and within a 
.. reasonable time" for secondary standards. Hazardous pollutants were to 
be identified and schedules established for control of sources. When a 
new source standard is established, new sources in all areas of the United 
States arc required to apply "best available control technology" as 
defined and promulgated by EPA. Statutory standards of automobile 
emissions arc to be achieved by 1978. In addition, EPA is required to 
prevent "significant deterioration" of ambient air quality in areas 
presently having better air quality than called for by the standards. 

The Federal Environmental Pesticide Control Act of 1972, as amend­
ed, requires EPA to register all pesticides sold in the United States. To be 
registered, a pesticide must perform its intended function ''without 
unreasonable adverse effects on the environment." States were given until 
October 1976 to submit plans for the certification of pesticide applicators 
and EPA was allowed until October 1977 to approve state plans for 
certification programs. Applicators were to be certified by October 1977. 

Under the Solid Waste Disposal Act of 1965, EPA is required to 
recommend guidelines for solid waste recovery, collection, separation, 
and disposal. However, no target dates or mandatory authority are 
included in the law. 

The Noise Control Act of 1972 gave EPA the responsibility to control 
certain sources of noise. To carry out this responsibility, EPA was to 
publicize criteria based on the identifiable effects of noise on public 
health and welfare, and by October 1974 was to promulgate revised 
regulations for construction equipment; transportation equipment except 
aircraft, motors, and engines; and electrical and electronic equipment. 

With respect to radiation control, responsibility is divided between 
EPA and the Nuclear Regulatory Commission. The Nuclear Regulatory 
Commission is to issue uranium f~l cycle standards and to develop, 
implement, and enforce standards for individual nuclear facilities. In 
May 1975, EPA proposed standards for limiting the total quantity of 
radioactive materials entering the general environment from the whole 
uranium fuel cycle. 
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22 MANPOWER FOR ENVIRONMENTAL POLLUTION CONTROL 

The policy of Congress in setting fairly specific goals and timetables for 
environmental action apparently is based on the social and political 
realities within which this legislation is formulated. One implication of 
this policy is the necessity for a crash program of government and private 
capital spending which will bring improved technology into action much 
sooner than would be the case if normal capital depreciation and 
replacement procedures were followed. From a manpower point of view, 
it would be advisable for Congress to avoid establishing abbreviated time 
schedules that allow too little opportunity for labor market mechanisms 
to operate effectively. 

Therefore, unlike voluntary and evolutionary shifts in production 
methods, the program for capital expenditures and construction is being 
carried out according to a single national timetable that will inevitably 
place stresses on the institutions charged with supplying the necessary 
human resources. Not only must the goals be met by relatively early 
dates, but all those involved must meet these goals at the same time. 
Educational institutions with suitable training programs may then 
become immediately loaded to or above their capacities. However, in 
some cases new programs might not be developed to provide adequately 
prepared professionals and technicians because of the short lead-time or 
the absence of historical market demand. Such demand in the past has 
influenced both the educational institution and the potential worker who 
is thinking of investing in a career in this field. Also, it may be difficult for 
educational institutions to establish programs for small numbers of 
persons. 

When such situations arise as a result of deliberate government policy, 
and become counterproductive to the original aims of that policy, it is 
reasonable to expect responsible government agencies to assume leader­
ship. This task would include making accurate assessments of the 
situation at all times and intervening as necessary to assure that the 
attainment of Congressionally-mandated national goals is not prevented 
by shortages in the supply of qualified workers. 

LEGISLATIVE AUTHORIZATION FOR EPA EDUCATION 
AND MANPOWER PLANNING ACTIVITIES 

Throughout the legislative history of pollution control, Congress has been 
sufficiently mindful of these special considerations to expressly and 
implicitly authorize EPA to take positive action to prevent the occurrence 
of potential manpower problems. The expressly authorized manpower 
development requirements assigned to EPA by Congress arc of particular 
relevance in the context of the Committee's report because they add legal, 
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Rationale for Environmental Manpower Planning and Policy 23 

as well as rational and economic, reasons for government study and 
involvement in the supply of qualified pollution control manpower. This 
subject is presented in detail in Appendix A. 

Personnel training and development arc expressly provided for by the 
Federal Water Pollution Control Act Amendments of 1972 as part of a 
national program to reduce and prevent water pollution. The most 
significant personnel development projects authorized by Section 104 of 
the Act arc programs for training personnel to operate and maintain 
waste treatment works. The EPA Administrator is authorized to support 
these training programs by grant or contract with public or private 
agencies, institutions, and individuals and through research fellowships 
for the education or training of personnel. Sections 109 and 111 of the 
Act give the Administrator further authority to support the development 
of personnel to operate wastewater treatment works. Under Section 109, 
grants may be made to institutions of higher education to assist in 
establishing projects to prepare undergraduate students for occupations 
in wastewater treatment. Section 111 empowers the Administrator to 
award scholarships to undergraduates who plan to enter such occupa­
tions. 

The Safe Drinking Water Act expressly provides for training person­
nel. The EPA Administrator is authorized to make grants to any public 
agency, educational, or other institution to train personnel for public 
health occupations involved in providing safe drinking water, and to train 
inspectors and supervisory personnel for public health aspects of the 
program. 

The aean Air Amendments of 1970 provide for personnel develop­
ment in Section 103, which establishes a national research and develop­
ment program for the prevention and control of air pollution. As part of 
this program, the EPA Administrator is authorized to award grants to, 
and contract with, public or private agencies; to provide direct training 
grants; and to establish research fellowships. Two other sections of the 
Act provide for personnel development, although not specifically for 
training activities. Section 105 authorizes the Administrator to make 
grants to air pollution control agencies for amounts up to two-thirds of 
the cost of planning. developing. e5tablishing. or improving. and up to 
one-half the cost of maintaining. programs for the prevention and control 
of air pollution or for the implementation of national ambient air quality 
standards. Grants to certain state and joint municipal agencies may total 
up to three-fourths of the cost of developing, and three-fifths of the cost of 
maintaining. such programs. Section 210 provides for funding state 
agency programs for the development of effective vehicle emission 
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24 MANPOWER FOR ENVIRONMENTAL POLLUTION CONTROL 

control devices and the establishment of inspection and testing of vehicle 
emission systems. 

The Resource Recovery Act of 1970, which amended the Solid Waste 
Disposal Act of 1965, expressly provides for federally-supported person­
nel training programs. The EPA Administrator is authorized to support, 
by grant or contract, projects designed to train persons for occupations 
involving the management, operation, or maintenance of solid waste 
disposal and resource recovery equipment and facilities. Such projects 
may combine training, education, and employment. In addition, EPA is 
authorized to support programs for training instructors and supervisory 
personnel to train workers in the occupations involved. Grants or 
contracts may be made to state or interstate agencies, municipalities, 
educational institutions, or any other organization capable of effectively 
carrying out such a training project. 

The Federal Environmental Pesticide Control Act of 1972 (FEPCA) 
expressly provides for the training of personnel to enforce and administer 
the Act. The EPA Administrator is authorized to enter into cooperative 
agreements with states, to which ~PA has delegated the power to enforce 
the Act, for the support of training programs on the state level. The 
cooperative agreements may be designed for training both enforcement 
personnel and "certified applicators," who are required under the Act to 
supervise the use of "restricted use" pesticides. Training of certified 
applicators also may be undertaken by federal and state agencies under 
contracts with EPA. 

Federal radiation and noise control statutes do not expressly provide for 
EPA programs in manpower training or development. 

As a whole, the environmental legislation leaves little doubt that it was 
the intent of Congress to place leadership for assuring adequate supplies 
of qualified human resources for pollution control with EPA. Congress 
has not only specifically authorized and directed EPA to involve itself 
with manpower issues, but in the entire thrust of the environmental 
legislation has given the Agency a much greater, although less well­
defined, role in environmental manpower affairs. 

LEVELS AND PATIERNS OF ENVIRONMENTAL 
EXPENDITURES 

Another reason for national concern with environmental manpower is 
the sheer size of the program in economic terms. While no authoritative 
estimates of total cost exist, EPA and others, such as the National 
Commission on Water Quality (NCWQ 1975) and the Council on 
Environmental Quality (CEQ 1976), have tried to make reasonable 
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projections of the cost of mandated control programs. Tables 2.1, 2.2, and 
Figure 2.1 show one version of these projections for water and air 
pollution control through 1985. The figures are based on data gathered by 
EPA and its contractors (U.S. EPA 1976). 

The most striking aspect of the projections is their overall magnitude­
a total national expenditure of about $371 billion for air and water 
pollution control between 1975 and 1985. Regardless of how accurate 
such calculations may turn out to be, it seems certain that a great deal of 
money will be spent on pollution control technology and that those 
dollars inevitably will generate thousands of jobs. Some of the jobs 
undoubtedly would have been created by normal economic activity or by 
government spending for other purposes. However, the selection of 
pollution control as a national goal will greatly affect the occupational 
composition and geographic distribution of national employment, if not 
its total level. 

It has been assumed in most economic projections that capital 
spending for environmental controls will be a one-shot operation and 
that it will be heavily weighted toward the late seventies and early 
eighties. However, it is likely that this assumption will prove erroneous 
because new waste management concepts, designs, and operations must 
be updated on a continuing basis. In addition, expenditures for operating 
and maintaining pollution control facilities will continue to rise substan­
tially. 

Charting the future course of spending on capital equipment for 
pollution control is difficult because this spending depends on the 
availability of financing and on undiminished public interest. Today's 
pressures that are brought on by population growth and public concern 
with as yet unknown environmental hazards undoubtedly will be 
balanced against new priorities in the 1980s and 1990s. However, even 
with shifting national priorities, there still will be the need to bring new 
treatment concepts into operation and to improve the efficiency of 
existing capital equipment. 

The economic size of the pollution control program warrants careful 
attention to its impacts on society. Data from the Bureau of Labor 
Statistics suggest that as many as 70,000 jobs are generated directly and 
indirectly for each billion dollars spent on pollution control (U.S. DOL 
1975). With 1974 national spending for pollution control totaling about 
$15 billion, and with annual projections for 1976 to 1985 easily doubling 
that amount, there is ample reason for national interest. 

In terms of manpower policy, the economic projections suggest that 
care should be taken by national planners to avoid strategic shortages in 
critical occupations. Should other new programs be planned that might 
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TABLE2.1 Estimated Annual Cost of Water Pollution Control to Industry and Government, 1975 to 1985 

197S 1976 1977 1978 1979 1980 1981 1982 1983 1984 198S Total 

(in billions of 197 S dollars) 
Industry: 

Investment 6.70 S.00 6.00 4.90 6.90 7.90 7.SO 6.80 4.91 2.00 2.26 60.87 
Operation and 

maintenance 3.00 4.00 4.99 6.00 7.10 8.20 9.20 10.20 11.20 10.38 10.38 84.6S -- -- -- -- -- ·-- -- -- -- -- -- --
Total 9.70 9.00 10.99 10.90 14.00 16.10 16.70 17.00 16.11 12.38 12.64 14S.S2 

Municipal: · 
lnvestment1 3.89 6.SS 8.11 8.13 S.S9 2.94 1.77 0.80 0.70 0.70 O.S3 39.71 
Operation and 

maintenance 0.60 0.68 0.93 1.36 1.61 1.76 1.84 1.89 1.93 1.97 2.00 16.S7 -- -- -- -- -- -- -- -- -- -- -- --
Total 4.49 7.23 9.04 9.49 7.20 4.70 3.61 2.69 2.63 2.67 2.S3 S6.28 

Other Government: 
Federal investment 0.2S 0.33 0.29 0.2S 0.21 0.18 0.16 0.13 0.12 0.12 0.12 2.16 
Federal and state 

control programs 0.47 0.44 0.37 0.33 0.33 0.33 0.30 0.30 0.30 0.30 0.30 3.77 -- -- -- -- -- -- -- -- -- -- -- --
Total 0.72 0.77 0.66 O.S8 O.S4 O.Sl 0.46 0.43 0.42 0.42 0.42 S.93 

1Jncludes EPA granta. 

SOURCE: U.S. EPA (1976). 
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TABLE 2.2 Estimated Annual Cost of Air Pollution Control to Industry, Government, and for Mobile Sources, 1975 to 1985 

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 Total 

(in billions or 197 5 dollars) 
Industry: 

Investment 7.90 3.30 5.50 6.00 4.20 1.73 1.42 0.95 0.50 0.60 0.62 32.72 
Operation and 

maintenance 3.01 4.15 4.67 5.07 5.42 5.67 5.70 5.72 5.74 5.76 5.78 56.69 -- -- -- -- -- -- -- -- -- -- -- --
Total 10.91 7.45 10.17 11.07 9.62 7.40 7.12 6.67 6.24 6.36 6.40 89.41 

Government: 
Investment 0.45 0.38 0.31 0.30 0.29 0.28 0.26 0.25 0.23 0.22 0.20 3.17 
Operation and 

maintenance 0.35 0.38 0.35 0.38 0.42 0.45 0.49 0.53 0.57 0.61 0.66 5.19 -- -- -- -- -- -- -- -- -- -- -- --
Total 0.80 0.76 0.66 0.68 0.71 0.73 0.75 0.78 0.80 0.83 0.86 8.36 

Mobile Sources: 
lnvestment1 2.04 2.58 3.03 5.65 5.65 6.29 5.88 6.00 6.14 6.22 6.34 55.82 
Operation and 

rnaintenance3 1.22 1.09 0.92 o.91 0.87 0.80 0.80 0.77 0.74 0.71 0.67 9.50 -- -- -- -- -- -- -- -- -- -- -- --
Total 3.26 3.67 3.95 6.56 6.52 7.09 6.68 6.77 6.88 6.93 7.01 65.32 

1 Private sector. 
2 Excludes fuel penalties associated with emission control devices. 

SOURCE: U.S. EPA (1976). 

""" "I 
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FIGURE 2.1 Estimated annual investment and operation and maintenance costs of air 
and water pollution control, 1975-1985. 

draw on the same types of skills as are used in the pollution program, 
some form of government action to establish priorities may be better than 
having a collection of understatred programs. Or the government could 
stimulate the entry of more people into an occupation if it seemed likely 
that environmental spending patterns would create an excessive demand 
for that occupation. Either of these strategies clearly requires carefully 
assessed methods to determine the nature of possible difficulties and 
alternative solutions. 

Equally important is the fact that, while much environmental control 
activity will be permanent and will even grow, significant aspects are 
likely to terminate within a few years. Plans can and should be made now 
to minimize the high economic and social costs of these rapid shifts in the 
demand for environmental manpower. 

PUBLIC SECTOR ROLE IN POLLUTION CONTROL 

Traditionally, much of the responsibility for pollution control in the 
United States has been in public hands. Virtually all wastewater 
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Rationale for Environmental Manpower Planning and Policy 29 

treatment plants serving residential needs arc publicly-owned and 
predominant segments of the drinking water supply and solid waste 
management industries are owned or operated by local governments. In 
addition, public agencies at local, state, and federal levels have been 
charged with monitoring and enforcing a complex and pervasive set of 
environmental laws. While these agencies draw heavily on private 
contractors and consultants for advice and information, much of the 
work and most of the decision making is done by public officials. 

In general, government cannot cope with rapidly changing situations 
as quickly or as directly as can the private sector. It is an historic fact, for 
example, that public agencies generally are bound by rigid personnel 
systems. Immediate cash wages of public employees, particularly in 
smaller communities, often have been below wages for people employed 
in the private sector. Moreover, the public agency has a highly 
constrained flexibility in meeting changing needs as a result of various 
kinds of civil service restrictions. If the rapid mobili7.ation of government 
resources is to be part of national policy, as it clearly seems to be in the 
case of pollution control, it is essential that responsible leadership at the 
national level explicitly recognize the unique situation of local govern­
ment employers and develops measures to assess and remedy special 
manpower problems before they become obstinate barriers to achieving 
environmental goals. 

The Construction Grants Program administered by EPA has the 
objective of encouraging the construction of wastewater treatment 
systems that achieve the water quality goals of the Federal Water 
Pollution Control Act Amendments in a cost-effective and environmen­
tally acceptable manner. The level of water quality established by the law 
is to be reached by meeting technology-based effluent standards and 
supplementary site-specific water quality standards. Neither the law nor 
the grants program specifies a method of treatment, although the latter 
specifies basic objectives for assuring technical, environmental, and fiscal 
integrity of systems for which funds are provided. 

Present cost estimates for the national construction effort for wastewa­
ter disposal amount to more than $40 billion and, if storm wastewater is 
included, some estimates exceed $300 billion. The point is that the nation 
will have a large capital investment, as will local government, in pollution 
control treatment plants. Similarly, the annual operating and mainte­
nance burden will be huge. 

The demand for improved quality of effluent is accompanied by 
increasingly sophisticated treatment plant design and operation. The 
"best practicable waste treatment technology" called for by existing 
statutes will require increasingly complex treatment processes and 
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30 MANPOWER FOR ENVIRONMENTAL POLLUTION CONTROL 

techniques. Some of these are biological processes that must operate 
continuously under carefully controlled conditions, to avoid destruction 
of the microorganisms necessary to the process. The trend, therefore, is 
toward continuous and skillful operation of treatment plants with 
avoidance of shutdowns and by-passing of polluted water. 

The EPA is aware of the need for emergency response plans and 
performance reliability analyses. Each wastewater treatment system is 
designed to operate under controlled particular conditions, and any 
situation that changes these conditions must be provided for in an 
adequate emergency program for that system. Yet there are a number of 
circumstances of process interruption common to most, if not all, systems 
across the country that cannot have special attention. Potential factors 
leading to process interruption or complete breakdown include power 
outage, storm damage, equipment failure, and absence of operating 
personnel. These are basic emergency conditions that must be planned 
for and effectively managed if treatment plant failure is to be avoided. 
While EPA has taken the lead in encouraging state and local govern­
ments to develop and put into effect emergency plans, much remains to 
be done. 

The Committee realizes that catastrophic events such as earthquakes 
can create damage beyond human control, but even in such situations an 
emergency plan can speed progress toward restoration of operations. A 
number of factors, especially the necessity for uninterrupted availability 
of operational personnel, can be solved by good planning. Neither EPA 
nor the state and local governments have demonstrated adequate 
progress in this area. The Agency should take the lead by assessing 
potential manpower problems, including analysis of the cost in dollars for 
damages to treatment plants as well as to the environment Ultimately, 
Congress will need to address the problem of continuous Operational 
requirements whenever additional pollution abatement legislation is 
considered. 

PRIVATE SECTOR ROLE IN POLLUTION CONTROL 

Private employers generally have a greater ability to work through the 
labor market to obtain needed manpower than do state and local 
government employers. This ability is limited, however, by the pool of 
available talent in the labor force and by its geographic distribution. 
Because the deadline for reaching certain efftuent standards is a national 
one, and requires all industries to clean up by essentially the same time, 
the environmental program creates much simultaneous demand for 
professionals with expertise in environmental pollution abatement While 
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a single employer might raise wages sufficiently to attract highly 
specialized talent, all employers acting in this manner at the same time 
might be unable to cope with a short-term shortage in specialized 
personnel. Many positions filled under these circumstances might result 
from substantial inter-occupational mobility and the employment of less 
qualified personnel. This might mask serious training deficiencies and 
have negative net impacts on the whole environmental effort. 

All of this is of major importance to industry because the selection of 
appropriate pollution control technology and its efficient implementation 
require the expenditure of enormous sums of money and the commitment 
to modes of production that will be difficult to alter. 

Without question, the primary responsibility for managing the private 
sector aspects of the pollution control program lies with industry. 
Government assistance might be limited to preparing and publishing 
assessment data so that industry can gauge the dimensions of its 
specializ.ed manpower supply and demand. It is industry's responsibility 
to promote the development of its own personnel and to encourage 
students to participate in new or existing environmental training 
programs. Industry also might improve its environmental manpower 
situation by working closely with local training institutes and by hiring 
cooperative education students. 

REFERENCES 

Council oa Environmental Quality (1976) Environmental Quality: The Seventh Annual 
Report of the Council oa Environmental Quality. Waabington. D.C.: U.S. Government 
Printing Oftic:e. 

National Commission oa Water Quality(l97S)Staft'Draft Report. Waabington. D.C.: U.S. 
Government Printing Oftic:e. 

U.S. Department of Labor (1975) Impact of Federal Pollution Control and Abatement 
Expenditures oa Manpower Requirements. Bureau of Labor Statistic:a, Bulletin 1836. 
Wubington. D.C.: U.S. Government Printing Oftic:e. 

U.S. Envitonmental Protection Agency (1976) Cost of Air and Water Pollution Control 
1976-1985. 4 Volumes. Oftic:e of Research and Development Waabington. D.C.: U.S. 
Environmental Protec:tioa Agency. 

Copyright © National Academy of Sciences. All rights reserved.

Manpower for Environmental Pollution Control:  A Report to the U.S. Environmental Protection Agency From the Committee for Study of Environmental Manpower, Commission on Human Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=20329

http://www.nap.edu/catalog.php?record_id=20329


3 Manpower Development 
Role of EPA 

The purpose of this chapter is to review briefly how EPA has handled 
manpower management problems in the past and to suggest an 
appropriate course of action which will enable the Agency to provide 
leadership in the field of environmental manpower. 

The Committee has a twofold interest in the EPA personnel structure. 
First, the Agency is charged with interpreting and enforcing virtually all 
national pollution control legislation. As such, the technical ability of its 
staff, particularly in the decision-making role, is an important concern. 
Second, EPA should serve as an example for state and local environmen­
tal units on how to maintain professional and technical staff competence. 

The limits on the data presented in this section should be made clear. 
The data are basically distributions of occupational, grade level, and 
educational statistics which indicate the nature of talent and skills 
available within EPA. These compilations do not show how such 
capabilities are organized or used for effective environmental decision 
making and action. They do provide valuable indicators of strengths and 
weaknesses within the Agency's own supply of human resources. The 
question of EPA manpower use is examined in greater detail in a 
companion report by the Committee on Environmental Decision 
Making, which made one of the component studies under the EPA­
National Academy of Sciences contract. 

32 
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Manpower Development Role of EPA 33 

PROFILE OF AGENCY PERSONNEL 

By federal government standards, EPA is not a large agency. It currently 
employs about 10,000 full-time permanent workers, almost all of them 
"white-collar." This figure represents about one-half of I percent of the 
total federal civilian white-collar labor force of some 1.9 million.1 

Although the Agency is not large, its responsibilities are broad and 
complex. EPA is charged with leading a highly technical endeavor within 
a complicated economic, social, and political environment. Whatever else 
such a program needs for success, skilled and sensitive leadership is vital. 
This Committee could address only the matter of skills available within 
the Agency as determined by Civil Service grades and occupational 
groupings. While the Committee was unable to draw firm conclusions 
from the data, the multifaceted nature of the environmental control 
program points to the complexities in doing an analysis of staffing 
patterns. Because EPA responsibilities usually relate to the technical 
aspects of pollution control, the Agency should be certain that its staff 
has adequate technical expertise. Otherwise, criticism of EPA from the 
scientific community, local agencies, and the private sector for formulat­
ing policies and regulations not sufficiently attuned to the technical 
realities of pollution abatement processes may be justified. An overall 
view of the occupational mix within EPA is shown in Table 3.1. 

Except for general administrative and clerical positions, which account 
for nearly 38 percent of EPA employment, the three largest occupational 
groups in the Agency are engineers, physical scientists, and biological 
scientists. Among the engineers, sanitary engineering is the dominant 
professional identification and accounts for more than 600 individuals. 
This is shown in more detail in Table 3.2. 

Perhaps the most outstanding feature of EPA's personnel makeup is 
the large proportion of scientists and engineers at top and middle levels of 
the Agency hierarchy. Scientists represent 65 percent of the Civil Service 
"supergrade" (GS 1~18) employees of EPA, while engineers account for 
5 percent. At the middle management level of the career service, scientists 
also dominate with 32 percent of the positions in the GS 12-15 range. 
Engineers are also well represented at this level and have 27 percent of 
the jobs. Thus, nearly 60 percent of the entire Agency work force at the 
middle level is made up of scientists and engineers. 

The relationship between position in a federal agency and influence on 
decision making is by no means clear. In EPA there are a small number 

IJlued OD Central Personnel Data File (CPDF) figures provided to the Committee by the 
U.S. Civil Service Commission. 
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34 MANPOWER FOR ENVIRONMENTAL POLLUTION CONTROL 

TABLE3.l Distribution of All Full-Time, White.Collar EPA Employees, 
by Occupation and Grade Level, March 1976 

Number of Employees by 
Grade Level (GS)2 Total 

Occupational Category1 1-S 6-11 12-IS 16-18 Number Percent 

General administrative, 
clerical, and office 
services 1,911 1,303 644 19 3,877 37.7 

Engineering 188 674 1,008 6 1,876 18.3 
Physical sciences 208 S40 814 81 1,643 16.0 
Biological sciences 170 329 397 s 901 8.8 
Accounting and budget 62 ISO 176 3 391 3.8 
Legal 9 78 177 s 269 2.6 
Information and arts 33 116 87 1 237 2.3 
Personnel management 36 81 79 I 197 1.9 
Business and industry 3S 1S 69 I 180 1.8 
Social sciences 8 S2 96 0 156 l.S 
Mathematics and statistics 14 42 82 7 14S 1.4 
Medical 3 S9 43 2 107 1.0 
Other 70 137 89 2 298 2.9 -- -- ---

number 2,747 3,636 3,761 133 10,277 
Total percent 26.7 3S.4 36.6 1.3 100.0 
1 See Table 3.2 for the professional occupational distribution of engineering and scien· 
tific categories, not Including technicians and trainees aiven here. 
2 Effective October 1, 1976, the basic annual salary structure for federal civilian 
employees is as follows: 

Grades (GS) 1-5 
6-11 

12-15 
16-18 

s 5,810-12,093 
10,370-22,177 
20,442-43,923• 
39,629-54,410• 

•The rate of basic pay for grades 15-18 is presently limited to $47,500. 
Until Much 1, 1977 the basic pay for these grades was limited to $39,600. 

SOURCE: Derived from unpublished data provided by the Penonnel Manqement 
Division of the U.S. Environmental Protection Aaency (1976). 

of executive positions above the career Civil Service, including the 
Administrator, Deputy Administrator, General Counsel, and some 
Assistant Administrators and Regional Administrators. Therefore, while 
scientists and engineers occupy most of the top Civil Service positions in 
the Agency, they do not as a rule hold the highest-level decision-making 
posts. Another factor limiting the effectiveness of scientists and engineers 
in determining policy is the general lack of practical experience in design 
and operation of systems required for pollution abatement, particularly 
as related to problems that are peculiar to industry and local government. 
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Manpower Development Role of EPA 

TABLE 3.2 Scientists and Engineers in EPA on 13 March 197 6 

Number of Personnel 

Occupational Category1 Subgroup Major Group 

Engineering 
Engineers 

Sanitary 607 
General SOI 
Chemical 190 
Mechanical 135 
Civil 78 
Other 61 

Total l.S72 

Physical Sciences 
Scientists 

General 640 
Chemistry 604 
Physics 28 
Health physics 25 
Oceanography 20 
Hydrology 19 
Geology 13 
Meteorology 6 

Total 1,355 

Biological Sciences 
Scientists 

General 476 
Microbiology 94 
Entomology 30 
Pharmacology 21 
Other 85 

Total 706 
1 Technicians and trainees included in the totals in Table 3.1 are omitted 
from this tabulation. 

SOURCE: Derived from unpublished data provided by the Penonnel 
Management Division of the U.S. Environmental Protection A1ency (1976). 

35 

Furthermore, many are involved with laboratory and research work 
which is not directly related to the regulatory functions of the Agency.2 

In educational attainment, EPA ranks high. Recently reported 

2'Jbe report of the Committee on Pesticide Regulation (NRC 1977) includes a number of 
rec:ommendatiom on involvement of scientific and technical personnel in the decision- and 
policy-making process. 
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FIGURE 3.1 Degree levels of federal scientists and engineers in major federal agencies, 
January 1974. 

National Science Foundation data suggest that EPA scientists have the 
highest educational levels of any federal agency. These comparisons are 
shown in Figure 3.1. Nearly 60 percent of all EPA employees have college 
degrees, with the largest number of these degrees in engineering, 
biological, and physical sciences. Details are shown in Table 3.3. 

It is relevant to note that the occupational distributions shown in 
Tables 3.1 and 3.2 differ somewhat from what might be expected on the 
basis of the academic background of EPA employees, as shown in Tables 
3.3, 3.4, and 3.5. Some 1800 EPA employees hold degrees in engineering, 
for example, although there are only 1600 persons who are employed as 
engineers in EPA. There is a similar situation in the biological sciences. 
This suggests that a substantial number of persons with engineering or 
scientific backgrounds are in administrative or nonscientific positions. 

Table 3.5 focuses on EPA's Office of Research and Development 
(ORD). It does not seem surprising that more advanced degrees are 
present in ORD than in the EPA enforcement or other administrative 
offices, and it is noteworthy that more than 30 percent of all of the 

Copyright © National Academy of Sciences. All rights reserved.

Manpower for Environmental Pollution Control:  A Report to the U.S. Environmental Protection Agency From the Committee for Study of Environmental Manpower, Commission on Human Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=20329

http://www.nap.edu/catalog.php?record_id=20329


Manpower Development Role of EPA 

TABLE3.3 Distribution of Full-time EPA Employees, by Academic 
Discipline and Highest Degree, February 1976 

Number of Employees by 

Academic Discipline Highest Degree Total 

of Highest Degree BA/BS1 MA/MS PhD/Dl Number 

Engineering 961 746 93 1,800 
Biological sciences 470 259 210 939 
Physical sciences 529 196 186 911 
Business administration 303 149 7 459 
Social sciences 281 121 24 426 
Law 252 42 10 304 
Agriculture and natural 

resources 70 48 26 144 
Mathematics 82 45 16 143 
Other 452 284 42 778 --

Total 
number 3,400 1,890 614 5,904 
percent 51.6 32.0 10.4 

1 BA/BS includes Bachelor of Laws desr-. 
2 PhD/D includes professional doctorates, such as medicine or education. 

SOURCE: Derived from unpubliahed data provided by the Personnel Management 
Division of the U.S. Environmental Protection Agency (1976). 
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Percent 

30.5 
15.9 
15.4 
7.8 
7.2 
5.2 

2.4 
2.4 

13.2 

100.0 

professional employees in ORD hold doctorates and another 27 percent 
hold master's degrees. 

In an examination of the data on EPA personnel, several patterns show 
up. First, the Agency employs 43 percent of its 10,000 full-time, white­
collar personnel in scientific and engineering occupational categories, a 
higher proportion than in most government agencies. Second, the 
educational level of EPA professional personnel is high, with 6 percent 
holding Ph.D. degrees and 19 percent master's degrees. Third, EPA full­
time scientists and engineers earn mean salaries of $24,128 per year. 
Within ORD mean salaries for scientists and engineers are higher­
$26,140 per year.3 These figures are expected to increase before this 
report is published. At the early 1976 level, they compared favorably with 
national median salaries for scientists and engineers of $19,000 in 
business and industry and $16,400 in state government employment 
(NSF 1975). 

A more complete analysis and additional data are presented in 
Appendix C. The Committee concludes that while the personnel data 

•Mean salaries computed by EPA's Personnel Management Division u of Janwuy 29, 1977. 
The salary IC8lc is that given in footnote 2 ofTable 3.1. 
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38 MANPOWER FOR ENVIRONMENTAL POLLUTION CONTROL 

TABLE3.4 Detailed Educational Distnbution of Full-time EPA Employees 
with Engineering, Biological, and Physical Science Degrees, February 1976 

Number of Employees by 
Highest Degree Total 

Academic Discipline BA/BS 1 MA/MS PhD/D2 Number Percent 

Engineering 
Environmental and 

sanitary 1S6 443 30 629 34.9 
Chemical 23S 82 29 346 19.2 
Civil 231 64 3 298 16.6 
Mechanical 133 43 9 18S 10.3 
Other engineering 

disciplines 206 114 22 342 19.0 -- --
Total number 961 746 93 1,800 

percent S3.4 41.4 S.2 100.0 

Biological Sciences 
General biology 231 42 11 284 30.2 
Microbiology 43 29 36 108 11.S 
General zoology 47 29 10 86 9.2 
Entomology 2S 23 27 1S 8.0 
Biochemistry 18 12 31 61 6.S 
Ecology 16 19 19 S4 S.8 
Marine biology IS 16 12 43 4.6 
Other biological sciences 1S 89 64 228 24.3 

Total number 470 2S9 210 939 
percent so.o 27.6 22.4 100.0 

Physical Sciences 
General chemistry 309 3S 20 364 40.0 
Analytical chemistry 60 20 17 97 10.6 
Organic chemistry 18 29 41 88 9.6 
Geology 43 2S 2 70 7.7 
Physical chemistry 4 14 49 67 7.4 
General physics 29 17 11 S1 6.3 
Oceanography 6 13 4 23 2.S 
Meteorology 8 10 3 21 2.3 
Other physical sciences S2 33 39 124 13.6 

Total number S29 196 186 911 
percent SS.I 21.S 20.4 100.0 

1 BA/BS Includes Bachelor of Laws degrees. 
2 PhD/D includes professional doctorates, such as in medicine or education. 

SOURCE: Derived from unpublished data provided by the Personnel Mana1ement 
Division of the U.S. Environmental Protection A1ency (1976). 
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TABLE 3 .5 Distribution of Full-time EPA Employees in the Office of 
Research and Development, by Academic Discipline and Highest Degree, 
February 1976 

Number of Employees by 
Highest Degree Total 

39 

Academic Discipline BA/BS MA/MS PhD/D Number Percent 

Engineering 103 99 44 246 23.7 
Biological sciences 108 80 115 303 29.2 
Physical sciences 186 65 106 357 34.4 
Health professions 19 11 7 37 3.6 
Mathematics 8 13 8 29 2.8 
Agriculture and natural 

resources 5 6 13 24 2.3 
Other 13 10 20 43 4.1 --

Total 
number 442 284 313 l,039 
percent 42.5 27.3 30.l 100.0 

SOURCE: Derived from unpublished data provided by the Personnel Management 
Division of the U.S. Environmental Protection Agency (1976). 

present a positive image of EPA, much important information could not 
be gleaned from these data. For example, it is not possible from available 
data to state how scientists, engineers, and technicians are assigned to 
their duties, whether they are up-to-date in their disciplines, or whether 
they are consulted to the fullest extent possible in the actual decision­
making process. There is evidence that more practical experience in 
pollution abatement and technical input is needed at the top level of 
management in the Agency. Detailed exploration of such issues comes 
within the purview of another committee working under the EPA­
National Academy of Sciences contract, but this aspect of the EPA 
manpower situation should not go unheeded by this Committee. 

PAST MANPOWER ACTIVITIES 

EPA has an established legislative as well as a practical program 
responsibility for manpower planning and development. This require­
ment extends beyond the Agency's own immediate needs and encom­
passes other federal departments, state and local governments, and the 
private sector. 

Ongoing program activities need trained manpower to achieve their 
goals. This requires making plans to encourage a good balance between 
the supply of and demand for the necessary numbers of people with the 
proper qualifications. 
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40 MANPOWER FOR ENVIRONMENTAL POLLUTION CONTROL 

TllAINING AND EDUCATION PROGRAMS 

EPA has recognized the necessity for limiting its efforts to developing 
only those manpower programs required to fill or to assist in filling areas 
of need. The Office of Management and Budget (OMB) has emphasized 
this point for a number of years. The important question is whether 
training and education cutbacks are advisable at this time. 

The EPA manpower development and training program is divided 
among the Office of Federal Activities and various assistant administra­
tors and regional offices. The different statutes under which these 
activities are conducted are covered in detail as a part of Appendix ~ the 
report of the Legal Panel. Since establishment of EPA in December 1970, 
unti! recently, there has been little change in program approach. Figure 
3.2 and Table 3.6 show the levels of support for manpower and training 
activities and numbers of personnel trained, with indications that funds 
and personnel allocations available in EPA for manpower purposes have 
decreased drastically and that a number of manpower planning and 
training activities are being curtailed or phased out. 

The various offices responsible for manpower functions in EPA 
interpret their responsibilities and objectives in widely differing ways. It is 
true, of course, that the Agency's legislative mandates are not entirely 
consistent and that no centralized leadership has been established for an 
EPA manpower planning, training, and education program. Within the 
past two years, for example, the Office of Education and Manpower 
Planning has been transferred from a position directly under the 
Assistant Administrator for Planning and Management to a markedly 
subsidiary position in the Office of Federal Activities. Its personnel has 
been reduced substantially to the point where it is virtually impossible for 
this unit to perform effectively. 

The problem apparently is one of organization rather than inability to 
recruit and retain trained and experienced personnel because of salary 
considerations. At one time federal salaries were inadequate in this 
respect, but the government recognized the need for trained pollution 
control manpower at the federal level, and that condition has improved in 
recent years. 

A major responsibility for meeting the requirements of federal 
environmental legislation lies with state and local governments and EPA 
has recognized this. The principal problem is that many state and local 
agencies are unable to compete effectively with the federal government or 
with private industry in hiring and retaining skilled manpower. As a 
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FIGURE 3.2 EPA funding for manpower-related programs, 1973-1977 (excludes Office 
of Pesticide Programs Funding). 

result, EPA adopted the practice of providing direct federal assistance to 
states and local governments for developing sufficient manpower to meet 
their responsibilities. 

Generally, large industries have been able to train their own personnel 
or, where necessary, recruit trained personnel from other sources. While 
EPA has cooperated with industry, there has been no apparent need for 
direct federal aid for manpower training and education. When federal 
courses have been offered, especially in new laboratory techniques and 
procedures, large businesses have been able to obtain training for their 
technical personnel without much difficulty. However, small firms often 
find it difficult to compete for trained environmental workers. 
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42 MANPOWER FOR ENVIRONMENTAL POLLUTION CONTROL 

TABLE 3.6 Training Activities Supported by EPA, by Office and Type of 
Funding, FY 1973 through FY 1977 

Number of Awards and Courses Offered 

FY FY FY FY FY 1977 
Training Activity, by Program 1973 1974 1975 1976 (Estimated) 

Office of Water 
Program Operations 

Training grants 156 130 126 133 85 
Fellowships 31 38 74 82 40 
Undergraduate training 104 104 s 
Direct Uaining of students 407 soo 360 
Number of courses 36 37 30 

Office of Air Quality 
· Planning and Standards 

Training grants 46 23 IS 9 9 
Fellowships 56 70 70 70 70 
Direct training of students 3,021 2,793 2,105 1,442 2,200 
Number of courses 128 116 77 66 80 

Office of Solid Waste 
Manqement Programs 

Training grants 35 30 0 0 0 
Direct Uaining of students 721 0 0 0 0 
Number of courses 19 0 0 0 0 

Office of Radiation Programs 
Training grants 170 46 10 0 0 

SOURCE: Table developed by the U.S. EPA for internal review (1976). 

EDUCATIONAL JNSTITUflONS 

Universities and colleges have assumed an increasingly active role in the 
education of managerial and technical personnel for environmental 
pollution control. Except for highly specialized courses, educational 
institutions have been able to attract and retain the professional staff they 
need for teaching and research. The most important area of EPA 
assistance to institutions of higher learning has been to provide training 
grants that cover f acuity support and to make funds available for 
equipment purchases and for the development of new courses of 
instruction. In recent years, this EPA funding has been drastically 
reduced, with resultant concern in the universities that severe damage 
was being done to their ability to train necessary environmental 
manpower. 
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The situation has been well described in the field of air pollution 
control." A typical training grant to a college or university at the graduate 
level five years ago would have amounted to about $100,000 a year. Of 
that total, about one-half was available for faculty support and for 
updating laboratory equipment to maintain a high level of instructional 
quality. The other half could be used to support qualified students. More 
recently there has been a severe cutback in this funding. with essentially 
the total withdrawal of support for the university itself and with all of the 
available funding specified for student support. Training grants have 
been reduced and new restrictions have been placed on the grants. For 
example, a master of science student may be supported for not more than 
one year under the traineeship program and support for new doctoral 
students has been eliminated. 

There also have been crippling reductions in short-course training and 
the assessment of user fees against all students in the EPA training 
program has sharply reduced state and local participation. At the same 
time, the use of EPA personnel for teaching short courses has been 
virtually eliminated in favor of contracting for such services. This means 
a loss of valuable interaction between EPA employees and the state-local 
officials and others who attend such courses. 

The National Air Pollution Manpower Development Advisory Com­
mittee was established in 1962 by the Public Health Service to provide an 
independent evaluation and assessment of manpower needs for air 
pollution control. It was transferred to EPA in December 1970 under 
Reorganization Plan Number 3 and continued in an active role until 
terminated on January 5, 1976. 

PRESENT AND PROPOSED MANPOWER ACTIVITIES 

EPA manpower planning. education, and training activities are in a state 
of ftux. Further, the EPA education and manpower planning staff' has 
been reorganized and the number of its personnel has been reduced 
drastically in the past few years. Each assistant administrator's office 
appears to have a different idea about how training and education should 
be accomplished and there is no agencywide organized and coordinated 
program. 

Surveys have been made to evaluate current manpower development 
and training activities and systems that are designed to promote the 
effectiveness of state and local implementation of EPA regulations, 

t'J'estimony of Dade W. Moeller, School of Public Health, Harvard Univenity, and former 
cbainnaD of the National Air Pollution Manpower Development AdvilOry Committee to 
tbe Committee for Study of Environmental Manpower at its public meeting. January 1976. 
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44 MANPOWER FOR ENVIRONMENTAL POLLUTION CONTROL 

standards, and guidelines. Some states and local agencies have been 
consulted on their ideas as to what the approach should be. In addition, 
recent assessments have included manpower demand, which implies a 
need for manpower planning, identification of training needs, analysis of 
training programs, implementation of training and education programs, 
and the reporting and evaluation of program results. 

EPA has recognized that trained manpower is a resource that is 
required to implement every facet of its basic program activities. If there 
are not enough adequately trained and properly qualified workers or 
there are not adequate institutional training capabilities to train such 
workers, manpower programs must be developed in response to needs. If 
existing training organizations and institutions find that it is not cost­
effective nor otherwise feasible to expand their training programs, it is 
evident that greater government participation in training will become an 
essential component of environmental pollution control programs. 

The Committee's recommendations do not support the policy of 
training Ph.D.s or others in science, engineering, and other disciplines or 
operational techniques unless the trainees are needed and qualified for 
the environmental pollution control program. It is important, however, to 
evaluate the continuing need for technically competent operators of up­
to-date, sophisticated pollution control systems as well as the need for 
skilled scientists and engineers at baccalaureate and advanced levels. Full 
recognition is given to the importance of avoiding an excess of trained 
manpower. Therefore, the Committee encourages EPA to establish a 
comprehensive manpower analysis and planning program which would 
serve to determine which selective training areas should be emphasized. 

EPA would have the responsibility for the manpower planning and for 
developing recommendations to the Executive Branch and Congress that 
would provide for education and training only where detailed studies 
reveal a firm need for program support. Particular attention would be 
given to those technical specialities, at whatever educational level is 
needed, that require long lead-time for preparation and participation in 
the nation's environmental protection effort. 

OFFICE OF WATER PROGRAM OPERATIONS 

The Office of Water Program Operations under the EPA Assistant 
Administrator for Water and Hazardous Materials has the most cohesive 
and certainly the most ambitious Agency program for manpower 
planning and training. Its Manpower Planning and Training Branch of 
the Municipal Permits and Operations Division (MPOD) has an 
important program responsibility related to the Federal Water Pollution 
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Control Act, since billions of dollars will be channeled into the 
construction of municipal wastewater treatment facilities for some years 
to come. There is no time to lose in assuring the availability of well­
trained manpower in adequate numbers for this program in acco~ce 
with the performance standards that have been developed under the 
statutes. 

It is not possible here to cover in detail the current and proposed 
MPOD program for manpower planning and training activities. Major 
program items include: development of program guidance to help state 
agencies achieve self-sufficiency; organization and management assis­
tance for training programs by giving financial and technical aid to state 
and local governments, making available instructor training facilities, 
and coordinating training support activities with other EPA offices; 
conduct of operator certification activities; and development and 
activation of manpower information and planning systems. 

ACADEMIC TRAINING GRANTS 

Although academic training grants have been an important part of the 
EPA manpower program, discontinuance was directed by FY 1977 of all 
EPA academic training grants and fellowships. Meanwhile, the FY I 9TI 
Congressional appropriation included $4 million for academic training 
for air and water quality control programs. The intent of Congress was 
clearly expressed by the Senate Committee on Appropriations, which 
recognized that the additional funds for such grants were being made 
available despite the Administration's decision to phase out this part of 
the program. 

One way to augment EPA's manpower activities might be through 
interagency agreements and a transfer of funds to the U.S. Office of 
Education and the Department of Labor to obtain training and 
education support. This approach scents to be most feasible for 
vocational training. There has been some degree of success in training 
applicators of pesticides and inspectors of automotive emissions through 
agreements with state agricultural extension services and vocational 
agriculture and technical education programs. Similar arrangements 
might be made with the Office of Education for handling academic 
training grants and fellowships administered by EPA. The enabling 
legislation appears to be adequate for this purpose and the Office of 
Education seems to favor the idea. EPA will have to decide soon on 
whether to follow this course. 

Recent internal EPA analysis of manpower and training activities has 
resulted in recommendations for organizational realignment. Program 
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efforts are being redirected primarily toward developing a comprehensive 
strategy that will most effectively foster the expansion of state and local 
resources for manpower training and development. The Committee has 
concluded that efforts to strengthen the manpower aspects of pollution 
control would be desirable. In categorizing manpower training and 
education as a support activity, Executive Branch policy has been to 
minimize federal participation in direct financial and technical assistance 
for advanced academic and professional manpower development and 
training. 

REFERENCES 

National llaearc:b Council (1977) Pesticide Decision Making. Analytical Studia for the 
U.S. Environmental Protection Agency, Volume VII. Report of the Committee OD 

Pesticide Regulation, Board OD Agriculture and Renewable llaourc:a, CommillioD OD 

Natural R.aoun:es. Waabington. D.C.: National Academy of Sciences. 
National Science Foundation (1975) National SampleofScientiltl and Engineers: Median 

AnnuaJ Salaries, 1974. Manpower Cwac:teristics Studies Group, Division of Science 
R.aources Studies, Science R.aoun:es Studies Highlights, NSF 75-332. Wubington. 
D.C.: U.S. Oovenunent Printing Olftce. 

National Science Foundation (1976) Education and Work Activities of Federal Scientific: 
and Technic:al Personnel, January 1974. Reviews of Data on Science R.aoun:es No. r7. 
NSF 76-308. Washington, D.C.: U.S. Government Printing Olftce. 

Copyright © National Academy of Sciences. All rights reserved.

Manpower for Environmental Pollution Control:  A Report to the U.S. Environmental Protection Agency From the Committee for Study of Environmental Manpower, Commission on Human Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=20329

http://www.nap.edu/catalog.php?record_id=20329


4 Employment of 
Pollution Control 
Manpower 

The Committee examined a large quantity of data on current employ­
ment of pollution control manpower. These data were not always 
consistent. Some of the material was generated by statutory reporting 
requirements and much of it by serious concern on the part of EPA and 
others that adequate manpower supplies would not be available to meet 
sharply increased demands occasioned by environmental legislation. 

The following sections cover those data that the Committee considered 
most relevant and accurate. More complete supporting presentation for 
these data is included in the individual panel reports, Appendixes B, C, 
D,and E. 

SUMMARY OF CURRENT EMPLOYMENT ESTIMATES 

While few of the individual sets of data evaluated by the Committee were 
directly comparable, there were numerous points at which relatively 
reliable data tended to confirm or reject more speculative attempts at 
employment estimation. As a result, it was possible for the Committee to 
reach general agreement on the overall dimensions of demand based on 
different studies of specific elements of the environmental manpower 
universe. A summary tabulation aggregating these separate estimates for 
1974 is presented below in Table 4.1. 

The development of an aggregate estimate is not an entirely satisfacto­
ry exercise. First, there is always the element of mixing data gathered 
under widely differing assumptions. Second, there is a temptation to 

47 
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TABLE 4.1 Estimated Direct Employment in Pollution Control Activities,1 Summary Data 1974 

Type of Employer 

Local Educational 
Occupation Federal State Government Industry Institutions Other Total 

Scientists 11,400 3,800 2,200 14,900 S,500 3,100 40,900 
Engineen 8,300 S,200 S,700 64,700 1,300 8,800 94,000 
Technicians 1,000 2,000 20,000 25,000 Na Na 48,000 
Skilled operators 4,000 Na ISS,000 112,000 Na Na 271,000 
Unskilled, clerical, other 4,000 3,000 147,000 67,000 Na 3,000 224,000 -- ---

Total 28,700 14,000 329,900 283,600 6,800 14,900 677,900 

Na Indicates those areas for which data were unavailable. 
1 Excludes manpower in the fields of noise and radiation control and pesticide application. 

SOURCE: See text. 
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oversimplify the real complexities of a large-scale manpower demand 
situation by failing to go beyond the numbers such an aggregation 
provides. 

The data of the first two occupational categories in Table 4.1 are based 
on the 1974 National Survey of Scientists and Engineers as reported by 
the Panel on Methodology and National Data Aspects (Appendix B). 
The remaining data are based on a synthesis of the material in the panel 
reports on Federal Aspects (Appendix q, State and Local Aspects 
(Appendix D), and Industry and Private Sector Aspects (Appendix E). A 
brief presentation of the demand data in each of these sectors is made in 
this chapter. 

The summary data reveal that by far the largest impact of the pollution 
control program will be on local governments and on the private sector of 
the economy. Federal involvement is substantial, however, and includes 
EPA, research and administrative work in other agencies such as the 
Departments of Defense and Agriculture, and the operation of a limited 
number of treatment facilities. State governments are involved primarily 
at the regulatory level, with little research or actual operational 
responsibility. The category of .. Educational Institutions" is included in 
the table to indicate the size of the teaching and academic research base 
currently available. The .. Other" category includes employees of non­
profit organizations and the self-employed. 

Local government employment is largely accounted for by its heavy 
direct involvement in the operation of wastewater collection and 
treatment facilities, water supply activities, and solid waste management. 
However, most of these workers are below the professional and technical 
level. The basic concern of the Committee is focused on the substantial 
number of skilled workers and professional personnel upon whose 
performance the effectiveness of the environmental program depends. It 
is also notable that professional employment is heavily concentrated in 
the private sector. This is due in part to the relative complexity of many 
industrial pollution problems and the heavy use by government and 
industry of private consultants and researchers. 

The total direct employment in pollution control is substantial-nearly 
700,000 people. Of these, 20 percent are scientists and engineers and 
nearly SO percent are skilled operators or technicians. 

FEDERAL GOVERNMENT EMPLOYMENT 

Direct federal employment for pollution abatement and control falls into 
three main categories. First, in terms of dollars to be expended, is the 
Construction Grants Program authorized by the Water Pollution Control 
Act and presently funded at $18 billion. This program is intended to 
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TABLE 4.2 EPA End-of-Year Employment by Pollution Abatement Programs and Budget Categories, 
FY 1975andFY1977 

Number of Employees by Budget Category 

Agency and 
Pollution Abatement Research and Abatement and Regional 197S Total 1977 Total 
Program Development Control Enforcement Management Other 

197S 1977 197S 1977 197S 1977 197S 1977 -19_7_S-19_7_7. Number Percent Number Percent 

Air 4S2 473 696 BIS 410 482 - - - - l,SSB 16.9 1,770 18.S 
Water quality S86 S48 1,677 1,816 892 764 - - - - 3,ISS 34.3 3,128 32.8 
Water supply 74 BS 99 210 - 4 - - - - 173 1.9 299 3.1 
Solid wastes 21 22 162 161 - - - - - - 183 2.0 183 1.9 
Pesticides lSl 1S7 611 639 1S7 1S6 - - - - 919 10.0 9S2 10.0 
Radiation 73 30 201 174 - - - - - - 274 3.0 204 2.1 
Noise 3 - 4S 74 I 21 - - - - 49 .S 9S 1.0 
Interdisciplinary 261 214 - 129 - - - - - - 261 2.8 343 3.S 
Toxic substances - 7 44 4S - - - - - - 44 .S S2 .S 
Program management 

and support 218 142 197 167 143 177 - - - - SSS 6.1 486 S.l 
Agency and regional 

management - - - - - - 1,827 1,798 - - 1,827 19.9 1,798 18.8 
Other - 123 - - - - - - 202 117 202 2.2 240 2.S 

Total l,839 l,80t 3,7ii 4,230 1,6031.604 1,8i71,798 Wl m 9,iOia lcio.00 9,Sso- iiio.Oob 
0 The total number of EPA employ .. ts c0111tantly cbanain .. Thia ec:counta for the lllpt differences in total EPA employment shown In aewral 
tabl• of this report. 
6Totala may not add to 100.00 due to roundin1. 

SOURCE: U.S. EPA (1974, 1976b). 

~ 
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provide 75 percent of the capital investment needed by local governments 
to construct or improve wastewater treatment facilities so as to conform 
to federal effluent standards. 

Second, EPA is empowered to conduct and direct relevant research 
and development, provide technical assistance and support to other 
government agencies and industries, and enforce existing environmental 
regulations. EPA responsibilities include control programs in water 
pollution. water supply, air pollution, noise, solid wastes, radiation, and 
the regulation of pesticides. The Agency received FY 1977 appropriations 
of slightly over $718 million, not including supplemental funds or the 
Construction Grants Program. 

Third, the federal establishment itself generates some pollution in 
operating its own facilities. Control of this pollution will require initial 
capital investments and continuing operation and maintenance expendi­
tures to conform to federal standards. Also, other agencies besides EPA 
do research and have programs aimed at pollution control. These 
programs, together with control programs at federal installations, may 
equal or exceed the operational expenditures of EPA in any given year. 

Spending in these categories determines federal demand for manpower 
for pollution abatement and control. In the case of grants to local 
governments for construction of wastewater facilities, the federal 
government has a minimal role in supervising and auditing the funds. To 
the greatest extent possible, direct authority over this spending is 
delegated to state regulatory agencies. The comparatively little federal 
employment generated by this program is located within EPA. 

In addition to channeling funds to state and local governments, EPA 
has substantial research, regulatory, and enforcement programs. Full­
time, white-collar employment at the Agency is about 10,000 and has 
been quite stable since 1972. The FY 1975 and 1977 distributions of full­
time employees in EPA are presented in Table 4.2, but it should be noted 
that the current allocations of personnel within the Agency are subject to 
changes among programs as a result of new priorities and legislation. In 
addition to this base of about 10,000 permanent employees, EPA hires 
several thousand other workers in various temporary capacities and as 
consultants. Chapter 3 of this report presents in considerable detail the 
occupational and educational distribution of EPA personnel. 

The federal government operates numerous pollution control facilities 
for its own residential, industrial, and recreational activities. For drinking 
water supply and wastewater treatment alone, EPA estimates 1974 
federal employment at about 5000 (Kauffman 1975). Table 4.3 indicates 
the dimensions of this employment by broad functional category. No 
comparable statistics are available for air or solid waste management, but 
thousands of people are employed for these purposes. 
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TABLE4.3 Federal Wastewater Treatment Plant and Water Supply 
Personnel, 1974 

Distn'bution/ 
Management/ Operation/ Collection 

Agency Supervision Maintenance Laboratory Pumping 

Military services 455 2,970 104 168 
Civilian agencies 271 889 49 65 -

Total 726 3,859 153 233 

SOURCE: Adapted from Kauffman (1975). 

Total 

3,697 
l,274 

4,971 

In addition to its direct pollution control activities, the federal 
government is engaged in environmental research, monitoring, and 
administration in such agencies as the Departments of Defense, Trans­
portation, and Agriculture, and the Tennessee Valley Authority. National 
Science Foundation (NSF) National Survey data indicate that nearly 
20,000 federal scientists and engineers devoted a significant portion of 
their professional time to environmental concerns in 1974. As only about 
4500 of this number are employed by EPA, it is clear that professional 
environmental activity is diffused throughout the federal establishment. 

SUMMARY OF FEDERAL EMPLOYMENT 

Based on the NSF survey data, the results of the Kauffman survey of 
federal treatment plant employment, and additional information devel­
oped by the Federal Panel in this study, the Committee concluded that 
direct federal employment for pollution control in 1974 totaled about 
29,000. 

STATE AND LOCAL REGULATORY EMPLOYMENT 

A major thrust of recent national environmental legislation is to delegate 
most or all of the monitoring and enforcement responsibilities to the 
states. This has created a need for new or expanded state and local 
agencies with staffs competent in some technical and sophisticated areas 
of pollution control. 

WATER QUALITY 

Under the Water Pollution Control Act, the primary responsibility for 
monitoring and enforcing water quality standards lies with state agencies. 
These agencies also are responsible for planning and coordination for 
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their jurisdictions. Because of these responsibilities, state agency man­
power will consist chiefty of highly trained professionals and technicians. 

Using information from state applications for program grants, EPA 
determined the occupational composition and number of state water 
pollution control agency personnel in 1971. This information is presented 
in Table 4.4 along with projections made in 1972 for 1976 staffing 
requirements. By extrapolating from these data, it can be inferred that 
EPA was projecting total state agency employment during 1974 at about 
6400. 

An EPA study in November 1975 estimated that the states will require 
about 7300 people to meet their statutory obligations under the Water 
Pollution Control Act (U.S. EPA 1975). Census data on 1974 employ­
ment by state agencies for water quality control showed about 6900 
persons, or 400 less, than those requirements. However, the crucial thing 
about state agency personnel is not the number of people, but the high 
skill levels needed. Thus, the real issues regarding the state work force 
involve qualitative rather than quantitative factors and relate to the 
effectiveness rather than simply to the size of the agencies. 

WATER SUPPLY 

As is the case for wastewater management, the Safe Drinking Water Act 
gives the primary responsibility for monitoring and enforcement to 
appropriate state agencies. There can be little doubt that state water 
supply staff's will increase sharply as a result of this and other new 
legislation. 

The EPA Water Supply Division estimated 1974 employment in state 
agencies concerned with drinking water at 400 to 500 professional and 
technical personnel (McDermott 1975). This was corroborated by 
independent estimates by the EPA Municipal Permits and Operations 
Division, whose manpower planning staff estimates 1975 state water 

TABLE 4.4 EPA Data on State Water Pollution Control 
Agency Personnel, 1971 and Projected 1976 

Personnel Personnel Required 

Occupational Category 1971 1976 

Professionals 2,100 S,SOO 
Technicians 300 700 
Others 1,200 2,100 

Total 3,600 8,300 

SOURCE: U.S. Congress, House (1972). 
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supply agency employment, including nontechnical personnel, at about 
1000. 

SOLID WASTE MANAGEMENT 

Local government regulatory activity for the collection and handling of 
solid waste is minimal at the present time. Recent Census data indicate 
that about 700 persons are employed by state governments for solid waste 
management (U.S. Bureau of the Census 1976). Of that number, probably 
only a small percent is employed in activities of a regulatory nature. 

AIR POLLUTION CONTROL 

There is more substantial employment by state and local governments for 
air pollution control monitoring. regulation, and enforcement. The need 
for personnel by state and local governments in this control sector is 
determined basically by two factors: the requirements imposed by the 
aean Air Act, plus any new requirements that may be enacted by 
Congress; and the time schedules imposed by the Act. and as proposed 
by EPA in administering provisions of the Act, that have no specific 
deadlines. 

Fairly comprehensive data are available on state and local employment 
for air pollution control. The results of a 1971 survey showing the 
occupational distribution of state and local agency personnel are given in 
Table 4.5. Most of these employees were in technical or professional 
positions. 

TABLE 4.5 Employment in State and Local Air 
Pollution Control Agencies by Occupational Title, 
April 1971 

Occupational Title 

Director 
Supervisor 
Engineer 
Chemist 
Meteorologist 
Technician 
Inspector 
Aide 
Administrative, clerical, other 

Total filled positions 

SOURCE: U.S. EPA (1971). 

Number of Persons 

232 
313 
804 
335 
353 
483 
864 
98 

1,180 

4,662 
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By 1974, employment in state and local air control agencies had grown 
to 5719 (U.S. Bureau of the Census 1976), or by about 1000. The 
occupational pattern probably is similar to that in 1971. 

SUMMAllY OF STATE AND LOCAL REGULATORY EMPWYMENT 

The Committee estimate of the number of persons actually employed by 
state and local regulatory agencies in 1974 is summarized below. This 
group, not much larger than EPA itself, has the detailed, day-to-day 
responsibility for managing a complex and large-scale pollution control 
program. 

State and Local Environmental Regulatory 
Agency Employment in 1974 

Water Quality 6,900 
Drinking Water Supply 1,000 
Solid Waste Management 700 
Air Pollution Contiol S,100 

Total 14,300 

LOCAL OPERA TING EMPLOYMENT 

The primary involvement of local governments with pollution control is 
to operate sizable and complex waste treatment and handling facilities. 
Rather than being the regulatory body, as the state frequently is, the city, 
county, or regional government is usually the subject of regulation. 
Because of this major operational responsibility, local governments 
account for a large percentage of all government environmental quality 
control employment. In 1974 this employment was concentrated in three 
areas: wastewater collection and treatment; drinking water supply and 
distribution; and solid waste management. 

WASTEWATER COLLECilON AND TREATMENT 

Residential wastewater treatment is almost exclusively a local govern­
ment enterprise in the United States. In 1974, it was estimated that there 
were 21,011 public wastewater treatment plants serving a population of 
nearly 155 million, or 72 percent, of the U.S. population (NCWQ 1975). 

Based on plant inventory data from EPA and data from the Water 
Pollution Control Federation (WPCF), estimates of wastewater treatment 
plant employment in 1974 (not including sewerage system workers), by 
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training level, have been calculated (Burke 1976) as follows: college 
graduates (4,089); technical, non-college graduates (23,000); and workers 
with little or no training(l3,703), for a total of 40,792. 

In 1975, the Bureau of the Census released results of a sample survey of 
public employment. This survey indicated that 86,047 people were 
employed in October 1974 for all wastewater collection and treatment 
functions (U.S. Bureau of the Census 1975). As the treatment of domestic 
and pretreated industrial wastewater in the United States is almost 
exclusively within the domain oflocal governments, this figure should be 
inclusive. 

In a 1969 survey, the Water Pollution Control Federation (WPCF) 
found that treatment plant employees accounted for 47.3 percent of total 
wastewater utility personnel. By this standard, about 40, 700 of the jobs 
with such functions in local governments in 1974wouldhavebeenin the 
operation and maintenance of wastewater treatment facilities. The 
closeness of the WPCF ( 40, 792) and Census ( 40, 700) figures in this regard 
contributes to their credibility. Table 4.6 summarizes the Committee's 
estimates of 1974 wastewater employment based on the Census and 
WPCFdata. 

DRINICING WATER SUPPLY AND DISTRIBUTION 

The treatment and distribution of water supplies to consumers involve 
somewhat similar technologies and management procedures as those 
needed to collect and treat used polluted water from consumers. While 
significant differences exist, the systems are parallel in many respects 
within a given community, and the treated wastewater of one locality 
often contributes to the water supply source of another locality. 

Because of these similarities and interdependencies, the management 

TABLE 4.6 Local Government Employment for Wastewater Collection 
and Treatment in 1974 

Category 

Total wastewater utility system employment 

Total treatment plant employment 
Professional 
Operator /technician 
Unskilled 

Estimated Employment 

8S,000 

45,000 
3,SOO 

28,000 
13,SOO 

SOURCE: Committee estimates based on U.S. Bureau of the Census {1975) and.Burke 
(1976). 
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TABLE 4.7 Employees in Public and Private Water 
Supply Facilities in 1968 

All Employees 

Function Number Percent Distribution1 

Production 34,437 17.2 
Distn"bution 59,952 30.0 
Consumer services 14,315 7.2 
Financing 15,628 7.8 
Administration 25,751 12.9 
Other 30,627 15.3 

Subtotal 180,710 90.5 
Managers 19,007 9.5 

Total employees 199,717 100.0 

1Percentage may not add to 100 due to rounding. 

SOURCE: Hudson and Rodriguez {1970) Water utility personnel 
statistics. Journal of the American Water Works Association 
62(8):485-488. 
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and personnel of distribution and collection systems are sometimes 
shared or interrelated in a community. Even when this is not the case, the 
inherent similarities of the two systems might be expected to produce 
fairly common patterns of manpower use, at least in production stages. 
On the other hand, water distribution involves detailed metering and 
accounting tasks that are not directly associated with wastewater 
collection systems and one might expect to find larger support and 
clerical staffs in water supply activities. 

Several surveys by the U.S. Public Health Service and the American 
Water Works Association produced some interesting data during the 
1960s. As published in 1970 (Hudson and Rodriguez 1970), these data 
indicated that total water utility employment in 1968 was about 200,000 
(see Table 4.7). 

It should be emphasized that the data in this table represent a 
reasonable estimate based on a 1968 survey of the entire water supply 
industry, both public and private. A 1974 report estimated that about 25 
percent of the nation's water supply systems might be in private hands.t 

10klahoma Foundation for Research and Development Utilization, Inc. (1974) Develop­
ment of Manpower Planning Criteria for Water Supply Systems. Prepared for the Oflic:e of 
Education, HEW. Oklahoma City, Okla.: Oklahoma Foundation for Research and 
Development Utilization, Inc. (Unpublished report.) 
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If employment also was in this proportion, there would have been about 
I 50,000 people working for local governments in water supply facilities in 
1968, including a sizable number of persons in managerial, financial, and 
administrative positions. Census data gathered for 1974 (U.S. Bureau of 
the Census 1975) show a lower level of overall employment than was 
reported by the earlier study. The 1974 Census data show that all 
employment (full-time and part-time) by local governments for water 
supply functions totaled 129,000. Full-time equivalent employment 
amounted to 118,000. 

However, these sets of data are in close enough agreement that they 
can be examined to determine the rough occupation mix involved in the 
water supply effort. As shown in Table 4.7, there were almost 35,000 
production workers, mostly operators, in 1968. In addition, some of the 
managers and distribution personnel who were reported required special 
skills associated with water treatment and supply. Altogether the group 
requiring special training in water treatment technology could be 
estimated at about 66,000, or one-third the total employment in the field. 
The remaining water utilities workers are in occupational categories that 
do not require such training. Application of the same ratio to the 1974 
Census data produces a local government work force requiring special 
training of about 39,000. 

Based on the data presented above, the Committee estimates that this 
distribution of the water supply labor force is a reasonable one: 

Local Government Water Utility 
Employment Total 

Treatment plant and specialized 
distribution personnel 

Professional 
Operator/technician 
Unskilled 

SOLID WASTE MANAGEMENT 

JJS,000 

52,SOO 
4,500 

39,000 
9,000 

Historically, solid waste management bas been shared at the local level 
by private enterprise and municipal governments. Sometimes, private 
enterprise bas acted under contract to local governments and often it bas 
been a direct contractor to the producers of solid waste in industry, 
agriculture, and mining. 
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TABLE 4.8 Distribution of Solid Waste Management 
Personnel in Local Government, 1972 

Job Categories Number Employed 

Managerial 2,723 
General 2,356 
Other 367 

Clerical 2,296 

Supervisory 6,286 
Collection/transportation 5,078 
Disposal/other 1,208 

Skilled Laborers 36,243 
Maintenance 2,179 
Collection/transportation 27,193 
Disposal/other 6,871 

Unskilled Laborers 54,344 
Collection/transportation 51,583 
Disposal/other 2,761 

Total 101,892 

SOURCE: Applied Manapment Sciences, Inc. (1972) Solid Waste 
Management Manpower: Profile and Analysis. Prepared for the Offlce 
of Solid Waste Management Programs. Washington, D.C.: U.S. Envi­
ronmental Protection Agency. (Unpublished report.) 

59 

The first thorough study of solid waste management personnel was 
done for EPA in 1972 by Applied Management Sciences.2 The study 
included interviews of managerial and other employees of public and 
private solid waste organizations. Table 4.8 presents the basic personnel 
inventory of approximately 3000 municipal and county agencies doing 
collection and disposal of solid wastes in the United States at the time. 

Substantial support for the survey results is provided by recently 
released Census data on solid waste management expenditures and 
employment in FY 1974 (U.S. Bureau of the Census 1976). The Census 
report reveals that total full-time equivalent employment by local 
governments in 1974 was 123,207. Expenditures for the fiscal year totaled 
S 1.9 billion. 

•Applied Management Sciences, Inc. (1972) Solid Waste Management Manpower: Profile 
and Analysis. Prepared for the Oftic:e of Solid Waste Management Programs. Wubington. 
D.C.: U.S. Environmental Protection Agency. (Unpublished reporL) 
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The 1974 Census data are somewhat larger than the findings in the 
1972 study as a result of better sampling techniques and normal increases 
over time. Based on the assumption that the same occupational 
distribution found in the Applied Management Sciences study is valid, 
the 1974 local government base level employment in solid waste 
management is extrapolated as follows: managerial (3293); clerical 
(2776); supervisory (7601); skilled laborers (43,825); and unskilled 
laborers ( 65, 712) for a total of 123,207. 

INDUSTRY AND PRIVATE SECTOR EMPLOYMENT 

Industry and private sector demand for manpower is based on a multi­
faceted involvement with pollution control. First, many private firms 
provide public services such as solid waste collection and the supply of 
drinking water. These firms have manpower requirements similar to their 
publicly-owned counterparts, as discussed briefty in the previous section. 
Also, private companies provide most of the research and development 
expertise needed by federal and state regulatory bodies in developing 
policies and hardware for pollution control. In addition, private research 
and development firms provide advisory services as consultants to 
industry to meet regulatory requirements. 

Related to the research and development function, private industry 
also provides virtually all of the facilities and specialized hardware used 
for pollution control. With capital spending on such equipment stimulat­
ed by federal and state law, demand for workers in this area is likely to 
increase and then taper off as requirements are met. 

Finally, many industries generate pollution as a by-product of the 
processes they use to transform raw materials into economically useful 
products. Most industries currently are engaged in moderate capital 
investment programs to clean up the air and water they use before 
returning it to the environment. While the methods used to control 
pollution from industrial sources usually are highly capital intensive, 
substantial employment will result for operation and maintenance of the 
new facilities. 

Less is known about current employment in the private sector than in 
the governmental sector for several reasons. Unlike government, industry 
often assigns pollution control tasks on a rotating or part-time basis. This 
means that while specialized skills may be needed, they may be used for 
only a few hours a week. It is difficult to count employees involved with 
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TABLE 4.9 Scientists and Engineers Engaged in Pollution Control or 
Environmental Protection Activities in 1974, by Type of Employer 

61 

Industry Government Other1 Total 

Scientists 25,283 22,532 5,835 53,650 
Engineers 54,643 19,198 7,059 80,900 --- ---

Total 79,926 41,730 12,894 134,550 
1 Includes nonprofit and educational institutions and self-employed penona. 

SOURCE: 1974 National Survey of Scientists and Engineen. (See Appendix 8.) 

pollution control on this basis. Moreover, few industries effectively 
account for the operation and maintenance of pollution control facilities 
in terms of manpower, while data on capital spending are relatively easy 
to obtain. 

It is known from the 1974 NSF National Survey cited earlier that 
industry accounts for the largest segment of scientific and engineering 
employment for pollution control. Table 4.9 shows the industry employ­
ment in relation to government and other employers. 

While these figures indicate higher employment in private industry 
than in government, it should be noted that a large proportion of the 
private scientific and engineering employment is in research, develop­
ment, and consulting enterprises. These service industries usually do not 
employ large numbers of support personnel. 

CONSULTANTS AND EQUIPMENT MANUFACTUilERS 

FOR WATER POLLUTION CONTROL 

The Water Pollution Control Act and earlier programs for treatment of 
wastewater have led to much specialized employment in industry; for 
example, large numbers of professionals are employed by consulting 
firms. Middlebrooks et al. (1972) estimated that 1972 employment by 
consulting firms was about 15,000 scientists and engineers and 12,000 
technicians. 

Another area of importance in the private sector is the specialized 
water pollution control equipment industry. Based on the results of a 
survey he conducted, Middlebrooks estimated 1974 employment in the 
water equipment industry at about 6000 scientists and engineers and 
18,000 technicians (Middlebrooks 1974). 
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TABLE 4.10 Private Sector New Plant and Equipment Expenditures for 
Abatement of Air, Water, and Solid Waste Pollution, 1973-76 

Planned 
Category 1973 1974 1975 1976 

(in billions of dollars) 
Air $3.176 $3.343 $3.790 $3.860 
Water 1.762 1.876 2.362 3.042 
Solid waste .398 .396 .444 --

Total $4.938 $5.617 $6.548 $7.346 

SOURCE: Cremeans et al. (1975) and Se1el and Rutled1e (1976). 

TABLE 4.11 Ratios of Employment of Full-time Equivalent Environ­
mental Personnel in the U.S. Chemical Industry to Environmental 
Operation, Maintenance, and Research Expenditures 

Manpower Ratios per Million Dollars of Expenditures 

Control Program 1962 1967 

Air pollution 50.0 31.8 
Water pollution 38.8 30.2 
Solid waste 

Ratios for total 
environmental employment 42.9 30.9 

SOURCE: Manufacturin1 Chemists Association (1975). 

OPERATION ·AND MAINTENANCE OF INDUSTRIAL 

POLLUTION CONTROL FACILITIES 

1972 1975 

23.6 14.8 
24.0 14.3 
27.5 20.l 

24.4 15.l 

Substantial demand for workers exists in those industries that are now 
investing or have recently invested substantial sums in new pollution 
control equipment. The Bureau of Economic Analysis found that $6.5 
billion was spent for new plants and equipment for pollution control in 
1975 (Segel and Rutledge 1976). The distribution of that spending by 
control category is shown in Table 4.10. 

A number of industries have examined their ratios of employment to 
operation, maintenance, and research costs for pollution control. A fairly 
typical set of figures is presented in Table 4.11. 

A recent EPA study (U.S. EPA 1976a) suggested that operation and 
maintenance costs for industry during the early stages of developing 
environmental systems average about 40 percent of capital costs (see 
Tables 2.1 and 2.2). On that basis, and using the capital cost figures given 
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in Table 4.10 for 1974, private industry employment for pollution 
abatement would appear to be as follows: 

Air 
Water 
Solid Wastes 

Total 

19,790 
10,730 
3,200 

33,720 

This estimate is probably a conservative one, based as it is on reports to 
the Commerce Department of actual pollution control expenditures by 
industry in 1974. EPA expenditures estimates, such as those in Tables 2.1 
and 2.2, usually are higher. Also, it should be stressed that the 
employment estimates are in terms of full-time equivalent positions. 
Several times as many persons could have some direct involvement in 
industrial pollution control, but on a part-time basis. 

SOLID WASTES MANAGEMENT 

Private sector involvement in solid waste management is extensive. 
Private contractors provide much of the waste collection and disposal 
services used by households and private firms, often as a contracting 
agent of a municipal or other local government. In addition, many 
industries have substantial solid waste problems that are inherent in the 
production process and that require the commitment of. human and 
capital resources for their successful management. These problems are 
particularly common in agriculture, mining, and industrial operations. 

The 1972 study3 cited earlier of solid waste management personnel 
surveyed 11,000 private contractors doing collection and disposal of solid 
wastes to determine total employment and the occupational distribution 
of workers. Table 4.12 presents those data. 

Assuming a similar rate of growth in employment as occurred in the 
public sector, the distribution of workers employed in 1974 by private 
firms for the collection and disposal of municipal solid wastes would have 
been as follows: 

1See DOie 2 above. 

Managerial 
Cerical 
Supervisory 
Skilled Laborers 
Unskilled Laborers 

Total Employment 

20,632 
10,392 
6,241 

76,667 
36,654 

150,586 
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TABLE 4.12 Distribution of Solid Waste Management 
Personnel in the Private Sector, 1972 

Job Categories Number Employed 

Managerial 17,JJJ 
General 16,856 
Other 257 

Clerical 8,619 

Supervisory 5,177 
Collection/transportation 4,323 
Disposal/other 854 

Skilled Laborers 63,591 
Maintenance 6,788 
Collection/transportation 52,873 
Disposal/other 3,930 

Unskilled Laborers J0,402 
Collection/transportation 28,385 
Disposal/other 2,017 

Total 124,902 

SOURCE: Applied Management Sciences, Inc. {1972) Solid Waste 
Management Manpower: Profile and Analysis. Prepared for the 
Office of Solid Waste Management Programs. Washington, D.C.: 
U.S. Environmental Protection Agency. (Unpublished report.) 

Reliable data on private employment for industrially produced solid 
wastes are not generally available. The Commerce Department estimated 
capital spending for this purpose at about $400 million in 1974. However, 
a national study by the County Sanitation Districts of Los Angeles 
County estimates potential employment for solid waste management at a 
much higher rate than this spending level would suggest.4 The study 
estimates that employment may be as high as 52, 700 in industrial waste 
streams, 81,750 in agricultural waste streams, and 33,000 in mining waste 
streams. 

•Los Angeles County Sanitation Districts (1976) Study on Manpower Requirements for 
Solid Waste Management • Municipal, Industrial, Agricultural, and Mining. Not Published. 
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DlllNICING WATER SUPPLY AND DISTRIBUTION 

As discussed earlier in of this chapter, private firms play a large role in the 
distribution of drinking water in the United States. Based on an 
assumption that about 25 percent of the distribution facilities of the 
country are in private bands, 5 and using the same proportionate 
occupational distribution as in government-owned systems, the Commit­
tee estimated this distribution of the water supply labor force in the 
private sector: 

Private Water Utility 
Employment Total 

Treatment plant and specialized 
distribution personnel 

Professional 
Operator/technician 
Unskilled 

SUMMAllY OF PRIVATE SECTOR. EMPLOYMENT 

45,000 

17,500 
l,SOO 

13,000 
3,000 

These data, although incomplete and inconclusive, indicate that there is 
substantial employment in the private sector directly related to pollution 
control. The following working estimates of 1974 full-time equivalent 
employment are derived from these studies and are the basis of the 
overall estimates for private sector pollution control employment in 1974: 
consulting (27,000); equipment manufacture (24,000); operation and 
maintenance of industrial equipment (34,000); solid waste management 
services (150,000); and water supply services (45,000), for a total of 
280,000. 

In addition to this direct employment, the pollution control program 
indirecdy has generated many more private sector jobs through the 
purchase of nonspecialized goods and services. A study by the Bureau of 
Labor Statistics (DOL 1975) indicated that about as many jobs were 
created indirectly as directly by federal spending on pollution control. 
However, because many of these jobs do not involve highly specialized 
skills in pollution control itself, they were of less concern to the 
Committee. 

'See note I above. 
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EMPLOYMENT IN RESEARCH AND DEVELOPMENT 

One of the major sources of employment for environmental scientists and 
engineers in 1974 was in research and development programs. While 
concentrated in private industry, R&D employment also occurred in the 
federal government and to a lesser degree in state and local governments. 
This report examines R&D as a unit rather than in government and 
private industry sectors. 

It should be emphasized that because of the conceptual and practical 
difficulties in estimating private sector employment for pollution control, 
the estimates for R&D may fall far from the actual mark. Estimates 
presented in the panel report on Industry and Private Sector Aspects 
(Appendix E) are generally higher than those given here, but in many 
cases the lines between direct and indirect employment or between part­
time and full-time involvement have not been clearly drawn. On the other 
hand, the estimates given in this section include only direct full-time or 
full-time equivalent employment in pollution control. 

FUNDS FOR RESEARCH AND DEVELOPMENT 

Research into our physical environment and on ways to protect it has 
expanded significantly in recent years. For example, in the fiscal years 
1969 to 1977, federal government support for research and development 
in this area has tripled (NSF 1976a). Industry, especially the automobile 
industry, also has made major and growing commitments to R&D 
programs for pollution control. Taken together, the government and 
private programs represent substantial outlays: National Science Foun­
dation figures suggest a total of $1.6 billion in FY 1976-probably the 
single largest source of direct employment for scientific and technical 
personnel in the pollution control field. 

Table 4.13 indicates the dimensions of federal spending on pollution 
control research and development. This table is based on a determination 
by the NSF of what constitutes environmental research and development. 
Total federal R&D spending, as shown in this table, has risen dramatical­
ly since FY 1969. It is projected to decrease slightly in FY 1977 in part 
owing to a reduction in funding of EPA research programs related to 
pollution effects and energy, as well as air and water quality. 

Altogether EPA and its predecessor agencies have provided greater 
support than any other agency for environmental R&D, particularly in 
pollution control technology. However, FY 1977 EPA expenditures are 
expected to constitute only 24 percent of the total federal outlay for this 
purpose. Other agencies that will make significant environmental R&D 
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TABLE 4.13 Distnoution of Federal Environmental R&D Expenditures by 
Program and Agency, Fiscal Year 1969-1977 

Fiscal Year 

1969 1975 1976 1977 

TOTAL ENVIRONMENT, (dollars in millions) $315.2 $837.4 $974.6 $974.0 

Percent Distribution 

Environmental health and safety 37.9% 33.8% 40.1% 41.3% 
Biomedical and environmental research 

(ERDA) 28.2 17.0 17.9 18.8 
Pollution effects research (EPA) 4.9 9.8 9.1 
National Institute for Occupational Safety 

and Health (CDC, HEW) 4.8 3.5 3.2 3.7 
Health and safety research (Bur. of Mines, 

Interior) .7 3.8 3.6 3.6 
Environmental and fuel cycle research (U.S. NRC) - .3 1.5 1.6 
Food safety research (FDA, HEW) 1.2 1.1 I.I 
Other 4.2 3.1 3.0 3.4 

Understanding, describing, and predicting 
the environment 36.4% 28.7% 27.1% 29.4% 

Environmental satellite programs (NASA) 23.3 12.1 10.9 11.1 
Environment-related programs (NSF) 3.4 5.9 6.2 8.0 
Environmental programs (NOAA, Commerce) 7.3 6.2 5.4 5.7 
Other R&.D programs (NOAA) .9 2.0 2.4 2.3 
Other l.S 2.5 2.2 2.3 

Pollution control and environmental protection 25.8% 37.4% 32.8% 29.1% 
Energy-related environment control 

programs (EPA) 9.6 10.7 6.0 
Water quality control (EPA) 10.7 5.9 4.9 3.8 
Environmental quality monitoring (NASA) 4.7 3.3 4.1 
Air quality control (EPA) 10.2 5.7 3.9 3.1 
Nuclear materials security and safeguards 

(ERDA) .8 .7 1.4 2.6 
Interdisciplinary studies (EPA) 2.3 1.8 2.3 
Other 4.1 8.5 6.8 7.2 

SOURCE: National Science Foundation (1976a). 

expenditures include the National Aeronautics and Space Administra­
tion (NASA), the Energy Research and Development Administration 
(ERDA), the National Oceanic and Atmospheric Administration 
(NOAA), and the National Science Foundation (NSF). 

National Science Foundation estimates of industry commitments, 
some supported by federal funds, to environmental research from 1973 to 
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TABLE 4.14 Industrial R&D Expenditures for Pollution Abatement, 1973-1976 

1973 1974 1975 

Type of Pollution Federal Private Federal Private Federal Private 1976 Estimate --
Abatement Funds Funds Total Funds Funds Total Funds Funds Total Total 

(dollars in millions) 
Air Sa s• $461 s• s• $488 $16 $466 $482 $492 

Auto emissions a a 
045 360 

Other a a 37 131 
Water a· a 76 a a 74 a a 71 76 
Solid waste a a 10 a a 18 a a 22 21 
Other 21 35 56 29 37 66 23 53 76 74 - -- -- - -- -- - -- -- --

Total $35 $568 $603 $52 $594 $646 $44 $607 $651 $663 

8 Not separately available but included in total. 

SOURCE: NSF (1976b) and unpublished NSF data. 
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1976 are shown in Table 4.14. This is a difficult topic to measure and 
collection of data is still in a developmental stage. The data show that 
industry spending has been relatively high and sustained, but it should be 
noted that the automobile industry alone accounted for about one-half of 
the more than $600 million spent by the private sector for pollution 
control in 1975. Spending levels for industrial air pollution control, water 
quality, and solid waste management appear to be relatively modest. 

U:D EMPLOYMENT 

Research and development, such as that funded by government and 
industry, employ large numbers of scientists and engineers. The NSF 
Survey of Scientists and Engineers, discussed earlier in this report, found 
that in 1974 35,000, or about 26 percent, of the 135,000 scientific and 
technical personnel engaged in pollution control worked primarily in 
either the management or execution of research and development. Table 
4.15 shows that of those engaged in research and development some 60 
percent were employed by private firms. The federal government was the 
next largest employer of scientists and engineers directly engaged in 
research and development and it led other sectors in the number of 
employees doing basic research. It should be noted that these data do not 
delineate employment by universities and colleges. Other data by type of 
employer show that a large proportion of the persons who are employed 
in basic research are on the staffs of academic institutions. Basic research, 
however, received the least attention in terms of manpower among all 
R&D functions. Management and administration of R&D was the single 
largest activity, followed by development. Qearly, an emphasis on 
developing practical hardware underlies this distribution. 

The NSF Survey also reveals that of those devoting significant 
professional time to environmental protection or pollution control, about 
12,000 had received some financial support from EPA in 1974. A 
substantial portion of this support is assumed to have been for R&D. 
Such an assumption also must recognize the appreciable amount of 
support provided by EPA for non-R&D activities, such as for state air 
and water implementation plans, air pollution monitoring, and the like. It 
is, therefore, pertinent to examine the group of scientists and engineers 
supported by EPA. 

Table 4.16 indicates that the largest number of this group, 4800, was 
employed in private industry. In contrast, only about 1000 professionals 
in educational institutions reported EPA support in 1974. Nearly three­
fourths of the entire supported group was made up of engineers, and 
almost all of those supported in private industry were engineers. Most 
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TABLE 4.15 Primary Work Activity by Type of Employer for Scientists and Engineers in Pollution Control, 1974 

Type of Employer 

Private Federal State Local 
Primary Work Activity Company Government Government Government All Other Total 

RclD Total 21,7S4 6,072 3,248 1,069 3,003 35,146 
Basic research 746 1,371 642 112 698 3,569 
Applied research 3,068 1,773 1,364 341 552 7,098 
Development 8,890 798 58 111 627 10,484 
RclD management and 

administration 9,0SO 2,130 1,184 sos 1,126 13,99S 
All other activities 58,171 14,308 9,816 7,217 9,892 99,404 

Total 79,925 20,380 13,064 8,286 12,895 134,550 

SOURCE: 1974 National Survey of Scientists and Engineen. 

Copyright © National Academy of Sciences. All rights reserved.

Manpower for Environmental Pollution Control:  A Report to the U.S. Environmental Protection Agency From the Committee for Study of Environmental Manpower, Commission on Human Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=20329

http://www.nap.edu/catalog.php?record_id=20329


TABLE 4.16 EPA Supported or Sponsored Scientists and Engineers, by Field and Type of Employer, 1974 

Field of Science or Engineering 

Computer Life Physical Environmental Social 
Type of Employer Specialists Engineers Mathematicians Scientists Scientists Scientists Scientists Total 

Educational institutions 0 281 18 407 228 54 18 1,006 
Federal government 0 701 67 328 319 52 184 1,651 
State government 13 775 0 163 136 28 0 1,115 
Local government 35 1,330 0 so 222 58 17 1,712 
Other government 16 71 0 0 0 0 0 87 
Nonprofit 0 191 36 26 145 88 17 503 
Industry or business 18 4,430 13 27 216 22 74 4,800 
Self employed 0 791 0 0 0 12 17 820 
No support 0 0 0 0 12 0 0 12 - -- -- -- -- -- -- --

Total 82 8,570 134 1,001 1,278 314 327 11,706 

SOURCE: 1974 National Survey of Scientists and Engineers. 

:.:::! 
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TABLE 4.17 Agency of Federal Support by Type of Employer for Doctoral Scientists and Engineers in Pollution Control, 
~ 

1975 

Type of Employer 

Agency of Private Educational Federal State Local Other or 
Federal Support Companies Institutions Government Government Government Nonprofit Unknown Total 

Environmental Protec-
tion Agency 709 877 689 162 76 247 0 2,760 

National Science 
Foundation 87 1,361 38 20 0 98 0 1,604 

Interior Department 106 649 516 41 2 15 0 1,329 
Agriculture Department 14 546 701 26 0 0 10 1,297 
Defense Department 309 442 423 8 0 76 0 1,258 
Health, Education, and 

Welfare 118 571 100 42 0 116 2 949 
Energy Research and 

Development 
Administration 293 367 109 0 0 149 0 918 

National Aeronautics and 
Space Administration 91 295 197 12 0 17 0 612 

Other or unknown 385 650 531 82 30 115 27 1,820 -- -- -- -- -- -- -
Total receiving 

support1 1,439 3,723 2,792 318 108 524 39 8,943 
1columns do not add to totals because some individuala reported receiving support from more than one agency; however, the total counts each 
individual only once. 

SOURCE: 1975 Survey of Doctoral Scientists and Engineen. 
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R&D government employees receiving funding from EPA also were 
engineers, but support for R&D scientists and engineers in educational 
institutions tended to be concentrated in the life and physical sciences. 

The 1975 National Research Council Survey of Doctoral Scientists and 
Engineers provides a further perspective as to the impact of federal R&D 
support on allocation of human resources for pollution control. Of the 
16,000 respondents in this survey who devoted a significant proportion of 
their time to environmental protection or pollution control, 8900 (56 
percent) received some financial support or sponsorship from at least one 
federal agency. Table 4.17 shows the pattern of federal support by agency 
and type of employer. From this it is seen that EPA provided about one­
third of the total support for doctoral scientists and engineers, a 
somewhat larger proportion than its share of the federal environmental 
R&D budget. The EPA support is divided more or less evenly among 
scientists employed in private companies, educational institutions, and 
the federal government. The National Science Foundation, which 
supported the next largest number of doctoral scientists and engineers, 
concentrates its activities almost entirely within educational institutions. 

Overall, most doctoral scientists doing environmental research with 
federal funds are employed by colleges and universities, followed by the 
federal government and private industry. 
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5 Demand for 
Pollution Control 
Manpower, 
1974-1985 

This chapter presents the Committee's estimates of how the employment 
of environmental manpower is likely to change during the coming 
decade. The Committee was handicapped by absence of a reliable 
economic or programmatic scenario for pollution control activities 
through 1985. The difficulty of estimating future levels of economic 
activity is compounded by the heavy regulatory and financial support 
roles played by the federal government. With its ability to cause massive 
shifts in resources from one purpose to another in a short time, the federal 
government has a unique capability to accomplish goals of enhanced 
environmental quality. At the same time, this ability to quickly alter 
priorities and resource allocations for a wide variety of discretionary 
programs makes any long-range projection, no matter how sophisticated 
in design, purely speculative when much federal participation is involved. 
This is one reason the Committee decided not to present a unified set of 
projection results based on manpower modeling techniques. Additional 
problems with that approach are discussed in detail in Appendix B. 

The Committee considers it more useful and enlightening to approach 
the separate sectors of environmental activity individually and to discuss 
the factors most likely to change manpower demand and how great those 
changes are likely to be. For example, demand for environmental 
manpower within the federal government may decline slightly during the 
decade if, as expected, the EPA operating budget remains essentially 
constant through 1985. State and local governments will assume a 
growing responsibility for monitoring and enforcing environmental 
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regulations. State regulatory agencies are expected to grow by as much as 
half their 1974 size as they assume new responsibilities, although their 
overall size will remain small. 

The largest increase in demand for manpower will be by local 
governments as they staff up to operate the new system of wastewater 
treatment plants that is supposed to be in operation by 1983. These plants 
will require mostly skilled experienced operators and blue-collar workers, 
plus some people with entry-level skills. Despite the surge in demand for 
skilled operators, the number of new positions open each year is unlikely 
to go beyond the capacities of local training institutions to meet if they 
have suitable planning and programs. Industry and educational institu­
tions are unlikely to have an increased overall demand for environmental 
manpower, although there undoubtedly will be considerable shifting of 
specific activities among their existing personnel. 

Even maintaining a large work force at static levels, however, requires 
the continual infusion of new entrants to replace losses due to attrition. 
Maintaining the 1974 total direct pollution control work force, estimated 
at about 700,000, would require 14,000 new entrants annually to replace a 
2 percent annual loss from deaths and retirements. Losses due to people 
switching occupations are impossible to estimate, but they could be 
greater than losses from normal attrition. 

In addition, there must be continued availability of updated training 
for persons already employed to assure that the more complicated 
systems of the future are operated efficiently. For example, specific 
demand studies cited in Appendix D identified about 15,000 scientists 
and engineers working on pollution control for local governments in 
1974. However, the National Science Foundation's 1974 National Survey 
of Scientists and Engineers indicated that there were only 8000 scientists 
and engineers, employed by local governments, who meet the minimal 
degree requirements and other criteria defined by NSF for the sample 
survey. Thus, it is possible that substantial numbers oflocal government 
agency personnel may not have entirely appropriate educational back­
_grounds and will require additional training. 

The following sections deal in more detail with expected demand in the 
federal, local regulatory, local operating, and private sectors through 
1985. 

PROJECTED FEDERAL GOVERNMENT DEMAND 

Of the three leading categories of federal spending for pollution control, 
the largest is the Construction Grants Program, which essentially is a 
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FIGURE S.l Estimated total federal expenditures on pollution abatement and control, 
FY 1975 through FY 1985. 

pass-through of funds to other jurisdictions without large-scale involve­
ment by federal personnel. The second category is for EPA operating 
costs. The third is the control of pollution generated by various federal 
operations, where costs are divided between capital and personnel 
requirements. 

Figure 5.1 summarizes projected federal expenditures for pollution 
control in these categories during the next decade. The total federal 
outlays shown in this figure are expected to increase from approximately 
$3.5 billion annually in 1975 to a high of almost $7 billion in 1978, when 
the Construction Grants Program should be at its height. Then, federal 
spending for pollution control is expected to fall to about $1.5 billion for 
annual .. maintenance" by 1985. 

Most of the variations in the total for federal spending are caused by 
the Construction Grants Program, which is a .. one-shot" program with a 
definite beginning, middle, and end. While there is some debate as to the 
amount that will have to be invested in this program, the ftow of federal 
dollars for this purpose is likely to stop completely, probably before 1985 
if current federal policies in this area continue. In any case, the main 
employment impact will occur in the construction and environmental 
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control equipment industries and for operation of wastewater treatment 
plants, and will have little, if any, effect on federal employment. 

Although the Office of Management and Budget (OMB) projects a 
slight decrease in EPA funding from the 1976 level, it seems unlikely that 
any major shifts will occur soon in the Agency's composition, spending 
patterns, or number of personnel. As new priorities and concerns arise, 
EPA will have to shift resources away from old-line programs to newer 
ones. An example bas been the shift of resources in the past year away 
from air and water pollution programs to water supply programs. Passage 
of a toxic substances law would cause a similar internal shift. 

Other federal agency abatement and control expenditures are expected 
to rise unsteadily and then, after 1978, to decline until 1983 as the 
construction phase of work on federal installations gives way to normal 
operation and maintenance. Again, the main employment impact of the 
capital investment is on the construction and equipment industries, not 
on the federal establishment. However, increased federal employment of 
operational personnel is likely. EPA estimates that about 1200 more 
workers will be needed for water quality activities by 1977 (Kauffman 
1975), with proportionately fewer persons required for air pollution 
control. Altogether, it seems reasonable to project an incremental 
demand for 3000 to 5000 new federal workers in pollution control 
operations, but these increases at the operational level may be cancelled 
by decreased attention to environmental research and development 
throughout the federal system. 

The picture that emerges is one of environmental funding channeled 
through a federal establishment that will grow very little as a result. Little, 
if any, increase is anticipated in the regulatory or enforcement areas. In 
the absence of any major policy shifts, it is expected that EPA and other 
federal pollution control employment will remain at about its present size 
and funding level through the next decade. 

PROJECTED STATE AND LOCAL REGULATORY DEMAND 

The demand for manpower by state and local governments to plan, 
monitor, and enforce national and local pollution control programs is 
bound to increase over 1974 levels. However, the increases may not be 
large because of program and budgetary constraints. A matter of greater 
consequence than the numbers of people needed may be the quality of 
the regulatory labor force; this is especially acute at the local level 
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because of generally lower pay scales than are found in the federal 
establishment.• 

EPA has studied state agency manpower needs in some detail because 
these agencies, under pollution control legislation, have major regulatory 
responsibilities. Recently, EPA completed studies on state water supply 
agency needs and on state water pollution control agency needs (U.S. 
EPA 1975b, 1975c). The studies included a definition of the legally 
required functions of state agencies, the development of measures for 
their anticipated work load, and estimates of their personnel require­
ments. Table 5.1 summarizes the results. Although these data do not 
indicate that a large number of new environmental workers will be 
needed at the state level, it is likely that new employees will require highly 
specialized training because they will be responsible for complex 
regulatory tasks. 

Similar data are not available to project regulatory employment for 
solid waste management. Although nearly nonexistent at this time, the 
uniform regulation of solid waste disposal is a likely development in the 
next 10 to 20 years. New technology for handling waste materials and 
resource recovery currently is being developed and could become 
economically viable within this decade, but there is no firm basis on 
which to project the growth of regulatory activity for solid wastes. 

In the field of air pollution control, EPA bas sponsored an ongoing 
program to assess future manpower requirements of state and local 
control agencies. To project personnel requirements under the 1970 

tMecfian annual salaries for all scientists and engineers in 1974 by type or employer were 
reported by the National Sc:ienc:e Foundation ( 1975) u follows: 

Federal Government $21,700 
Universities and Colleges 19,400 
Business and Industry 19 ,000 
Local Governments 18,900 
State Governments 16,400 

For doctoral scientists and engineers median annual salaries in 1975 were higher but the 
federal government remained the highest paying type or employer. with state and local 
governments being lhe lowest. M determined by the National R.esearch Council (1976) the 
median salaries were: 

Federal Government 
Business and Industry 
Educational Institutions 
State and Local Governments 

$26,231 
25,999 
21,370 
20,839 
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80 MANPOWER FOR ENVIRONMENTAL POLLUTION CONTROL 

TABLE 5.1 EPA Estimates of PersoMel Needs in State Water Supply and 
Water Pollution Control Agencies to Meet the Requirements of the Safe 
Drinking Water Act and the Water Pollution Control Act 

Professional Technical Other Total 

State Water Supply Agencies 
Full-time positions 1,666 619 663 2,948 
Shared positions 633 4 215 852 

Estimated work yeus• 1,983 621 771 3,374b 

State Water Pollution Control Agencies 
Full-time positions 4,846 837 1,380 7,063 
Shared positions 395 22 144 561 

Estimated work yeusa 5,044 848 1,452 7,344b 

8Shared positions counted as~. 
bTotals affectctd by rounding. 

SOURCE: Adapted from U.S. EPA (1975b)and U.S. EPA (1975c). For more detail aee 
Tables D.12 and D.17 in Appendix D. 

legislation, the EPA Office of Air Quality Planning and Standards 
(OAQPS) continued efforts begun earlier to develop a manpower 
planning model. The most recent model uses two matrices to estimate 
needs-the number of air pollution sources and the number of monitors 
(Lynn and Deane 1975). It is currently undergoing some modifications 
and improvement (Sherman et al. 1975) and is being extended to relate 
occupational categories to the basic parameters of the model. 

The Committee's conclusion, based on the best available data, is that 
there will be a need for about 8000 full-time equivalent positions for air 
pollution control in state and local agencies by 1980. Adjusted projec­
tions based on OAQPS interpolation of the model data are shown in 
Table5.2. 

The leveling of demand from 1980 to 1985 assumes that there will be no 
changes in future federal legislation that add significant new programs. 
Earlier programs also may be phased out in those years. Hence, the 
estimates for 1980 to 1985 represent, as best as can be determined at this 
time, a plateau that probably will be met by about 1982, rather than in 
1980, because of the lag between actual employment and authorized 
positions. 

State and local regulatory agencies will stimulate only a modest 
de~and for specialized environmental manpower; however, there may be 
~me positions that agencies will have difficulty filling, largely because of 
madequate salary offers. 
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Pollution Control Manpower, 1974-1985 

TABLE S .2 Personnel Needs for State and Local Air 
Pollution Control Agencies 

Category 1974 1980 1985a 

Professional 2,650 3,925 3,925 
Technical 2,600 3,860 3,860 
Other 150 215 215 --

Total 5,400 8,000 8,000 

8 Eatimated to be the same u 1980. 

SOURCE: Unpublished EPA estimates. For additional detail 
see Table D.28 in Appendix D. 

PROJECTED LOCAL GOVERNMENT DEMAND 
FOR OPERATING MANPOWER 

81 

The demand for environmental manpower by local governments is 
entirely dependent upon the availability of financial resources for capital 
investment and for the operation and maintenance of pollution control 
facilities. As there are more than 62,000 local government units other 
than school districts in the United States (U.S. Bureau of the Census 
1974), with each unit exercising considerable discretion about the nature 
and timing of its environmental spending, it is risky to project local 
government environmental manpower needs for the nation through 1985. 
Nevertheless, the Committee thinks it is important to prepare and to 
continually update projections as a tool for formulating an effective 
manpower development policy. 

WASTEWATER TREATMENT 

National objectives for water pollution control have been set by the 
Water Pollution Control Act. That Act provides for federal financing of 
15 percent of the capital cost of new or improved wastewater treatment 
facilities needed by local governments to comply with the technical 
aspects of the law. It is this funding, set at a preliminary $18 billion, that 
is the basis for projections of sharply increased local demand for water 
quality manpower. · 

Federal funds are allocated to local governments for wastewater 
facilities according to determinations by EPA of each state's needs for 
such facilities (U.S. EPA 1975a). The summary results of the latest survey 
to determine needs are presented in Table 5.3. The broad spectrum of 
problems associated with water pollution control is estimated to require 
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TABLE 5.3 Summary of Cost Estimates for Local Wastewater Facilities 

1974 Survey 

(A) (8) (C) (D) 
State State EPA 1973 Change 

Category Preliminary Data Corrected Data Adjusted Data Survey Data (D to C) 

(millions of 1973 dollars) 
I Secondary treatment s 11,679 s 12,628 s 12,629 $16,639 s -4,010 
II More stringent treatment required by 

water quality 21,311 20,330 15,776 5,650 +10,126 
IIIA Correction of sewer infiltration/inflow 5,355 5,348 5,287 691 +4,596 
1118 Major sewer rehabilitation 7,070 7,330 7,287 - +7,287 
IVA Collector sewers 23,090 24,583 17,458 10,825 +6,633 
IVB Interceptor sewers 19,932 19,758 17,923 13,621 +4,302 
v Correction of combined sewer overflows 26,070 31,192 31,076 12,697 +18,379 
VI Treatment and/or control of stormwaters 235,006 235,006 235,006 - +235,006 

Totals $349,513 $356,175 $342,442 $60,123 $+282,319 

Totals for categories I, II, and IVB combined: s 52,922 s 52,716 s 46,328 $35,910 s +10,418 

SOURCE: U.S. EPA (1975b). 
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Polllllion Control Manpower, 1974-1985 83 

some $350 billion, the largest segment of it for stonnwater control. But 
the first priority, and the only categories expected to receive substantial 
funding through 1985, involve advanced wastewater treatment facilities 
and interceptor sewers (categories I, II, and IVB). This aspect of the 
program alone may cost $46 billion (1973 dollars). 

At present, Congress has authorized spending up to about one-half of 
the federal share of the capital requirement for wastewater facilities. The 
rate of actual cash expenditures has been slow. When this capital 
program does develop, it will have strong impacts on the local 
government labor force. The immediate impact will be on planning and 
construction manpower, mostly in the private sector, and eventually there 
will be substantial and sustained impacts on local operational manpower 
as new facilities begin to function. 

It is reported by the Census Bureau that 1974 operating expenditures 
by local governments for wastewater treatment came to about $1.5 billion 
(U.S. Bureau of the Census 1976). Such expenditures are expected to rise 
rapidly by 1985. The Council on Environmental Quality (1975) estimated 
1974 state and local government operation and maintenance costs for 
water pollution control at nearly $1.6 billion. In 1975 CEQ projected state 
and local 1983 operation and maintenance costs at double their 1974 
level, or $3.2 billion annually. By 1976, however, CEQ had raised 
substantially its estimates for state and local government operation and 
maintenance costs to $6.2 billion in 1984 for the control of water 
pollution alone (CEQ 1976). 

Clearly, these expected increases in expenditures will have a major 
effect on local employment needs. Employment is not likely to increase 
proportionately and double or triple with the increase in expenditures 
because of economies of scale and the increased productivity associated 
with new equipment, but it is hard to conceive of such expanded 
responsibilities being carried out without at least a 50 percent increase in 
manpower. 

DRINKING WATER SUPPLY 

The Safe Drinking Water Act of 1974 requires EPA to promulgate 
drinking water regulations for all water supply systems serving 25 persons 
or more. The regulations regarding contaminants will be administered 
largely by the states, following the pattern established for wastewater 
pollution control. The process of developing regulations still is in its early 
stages and the potential hazards of contamination are too little under­
stood to estimate the nature or size of the future water supply program. 
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84 MANPOWER FOR ENVIRONMENTAL POLLUTION CONTROL 

As yet there are no substantial commitments of federal funds for 
improved water supply technologies. Industry, except suppliers to public 
systems, is not affected by the Act in any substantial way. For these 
reasons, the immediate impacts of the Safe Drinking Water Act on 
operational manpower will be minimal. 

Because of increased awareness and concern for the quality of our 
water supplies, the manpower engaged in public and private water works 
probably will increase steadily over the next decade. While no direct 
causal connection is implied, it is unlikely that employment in this field 
will grow faster than the population as a whole. This would suggest that 
the growth of overall water supply employment will probably be less than 
IO percent between 1974 and 1985. 

SOLID WASTES MANAGEMENT 

Historically, solid wastes management has been shared by private 
enterprise and municipal governments at the local level. Sometimes 
private enterprise has acted under contract to local governments, and 
often it has been a contractor to the producers of solid wastes in industry, 
agriculture, and mining. 

Potentially, solid wastes management may be one of the most 
significant areas requiring personnel training. About 4.5 billion tons of 
municipal, agricultural, industrial, and mining wastes are produced 
annually in the United States.2 The trend toward an annual increase in 
solid wastes appears to be leveling off, partly because of recycling and 
resource recovery efforts which reduce the amount of solid wastes that 
require disposal. Recycling, however, may require more manpower than 
.disposal by conventional means. Also, the actual production of solid 
wastes probably is controlled more by the level of activity of the national 
economy than by any other single factor. 

Continuing environmental programs for air, water, and land use 
control are expected to add significantly to the burden of solid wastes 
management. This already is evident with enactment of the Water 
Pollution Control Act and the Ocean Dumping Act, which preclude 
disposal of wastewater treatment residuals into the water environment. 
Implementation of the Clean Air Act and the Safe Drinking Water Act 
also will produce a similar problem of residuals for which there is no 

21.os Angeles County Sanitation Districts (1976) Study on Manpower llequirements for 
Solid Waste Management Municipal, Industrial, Agricultural and Mining. March. Not 
Publisbed. 
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apparent means of disposal other than on land. Land-use control 
programs, stimulated by concern over contamination of both land and 
water, undoubtedly will place severe restrictions on future use ofland for 
solid wastes disposal. Essentially, this eliminates options that have been 
available in solid wastes management, and it leaves the future disposal of 
toxic and hazardous wastes-including the increasing agricultural 
wastes-subject to conjecture. 

Solid wastes management legislation has been minimal except for a 
token effort for manpower training and demonstration grants. This 
avoidance seems to be based on the concept that solid wastes are properly 
the concern of local and state governments. However, it should be noted 
that. by increasing federal authority over air, water, and land use, 
Congress in effect has dictated to some degree what may not be done with 
solid wastes. Meanwhile, legislation has been enacted by several states as 
an acknowledgement of the solid wastes management problem and to 
stimulate comprehensive planning at the local level. California, for 
example, has enacted legislation requiring each county to prepare a 
comprehensive plan which must be approved by the State Solid Waste 
Management Board before its implementation.3 The law also restricts 
implementation of local facilities until the comprehensive plan bas been 
prepared and approved on a countywide basis. 

During the past decade, solid wastes management bas made a 
successful transition from open and burning dumps to the modem 
sanitary landfill. Although this method has proved eminently more 
acceptable than earlier means of disposal, the use of sanitary landfills 
now is being questioned on the basis that landfills are only burial grounds 
and should be replaced by recycling and other resource recovery. An 
exception is the development of energy recovery from methane produced 
by the decomposition of organic matter under anaerobic conditions in 
deep sanitary landfills (Dair and Scbwegler 1974). In some areas, the 
availability of acceptable sites already bas severely restricted the use of 
landfills for future consideration and has given rise to recycling programs 
and resource recovery as a replacement. 

However, although new technologies are emerging to deal with solid 
wastes management problems, the quantities of wastes requiring disposal 
in landfills will be only fractionally reduced in the near future. Although 
national data are not available and will vary from locality to locality 
when available, it seems reasonable to assume that not more than a 25 

ICalif'omia (1974) California Government Code 66700 et seq. (Nejedly-Z'berg-Dills Solid 
Wute Management and llaource llecovery Act of 1972). 
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86 MANPOWER FOR ENVIRONMENTAL POLLUTION CONTROL 

percent reduction in solid waste volume will occur over the next 10 years 
as a result of the development and implementation of new technology. 

The number of people needed to collect municipal solid wastes is not 
expected to change appreciably, although there may be a slight reduction 
as collection systems become more automated and the one-man 
collection vehicle is commonly used. Future collection systems probably 
will be designed around salvaging and recycling of usable materials at the 
source and keeping them separated until they are delivered to a 
processing station. As the processing of collected solid wastes becomes 
more automated, personnel will be required who are capable of 
conceiving, designing, constructing, and managing automated systems 
based on developing technology. The personnel needed to operate final 
disposal facilities-largely, sanitary landfills-may decrease slightly as a 
result of the reduction in materials brought to the site, but specifically 
trained manpower will be needed to select, design, and manage these 
ultimate disposal sites. 

The local government demand for municipal solid wastes manpower in 
1985 probably will differ little from the 123,000 indicated for 1974 in 
Chapter 4. As shown in Chapter 4, about 151,000 persons also were 
employed by the private sector in 1974 for solid waste management, for a 
total of some 274,000 workers. It is likely that there will be more 
managerial personnel, plus a significant addition of scientific and 
technical personnel, as experimentation with advanced resource recovery 
and wastes handling systems increases. 

PROJECTED INDUSTRY DEMAND 

Despite the increase in pollution control activity by production indus­
tries, much of the direct environmental employment in the private sector 
in 1974 was related to the design, fabrication, and installation of new 
pollution control equipment. Moreover, there will be a shift to new and 
inherently less polluting production methods which also will tend to keep 
industrial needs for pollution control manpower from growing by any 
significant amount. The internaliz.ation of the clean-up costs mandated 
by legislation often provides the economic incentive for industry to shift 
to a cleaner but previously more expensive process and reduces the need 
for environmental manpower per se. 

On the other hand, new technology, new products, and new regulations 
will assure that the overall private involvement with pollution control 
continues after the current phase of regulation and response is completed. 
Also, the "public utility" aspect of industry's involvement in such fields as 
solid wastes management and water supply will continue to grow 
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moderately and offer employment to less skilled workers. In 1985 the net 
result of these shifts is likely to be basically similar to the level of 
employment in 1974, although the functional and occupational mix may 
change. Further discussion of this aspect is to be found in Appendix E. 
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6 The Supply of 
Pollution Control 
Manpower 

Thus far in the report the Committee has focused on current employment 
of pollution control manpower and how the manpower demand is likely 
to change in the future. Even though the projections do not show a large 
net increase in the demand for environmental personnel through 1985, 
there are many serious and unresolved issues in this area. The absence of 
a dramatic surge in manpower needs should not be allowed to obscure 
facets of human resource policy that will profoundly affect the nation's 
environmental programs. This chapter examines the channels through 
which manpower demands are met and the adequacy of future ftows of 
competent personnel for pollution control. 

THE DIMENSIONS OF MANPOWER SUPPLY 

Forecasting the ftow of qualified workers into such a new and complex 
field as environmental control is difficult. Conceptual models of the labor 
market usually involve static data; they subtract likely separations from 
the current labor force in terms of past experience and then add 
increments from standard education and training sources, related 
occupations, and immigration. These conceptual models are imperfect at 
best; in new fields such as environmental control, where there are various 
unknowns in terms of future policies and new approaches to control 
problems, the limitations of a static conceptual model can be enormous. 
For these reasons, it has not been possible for the Committee to estimate 
all possible increments to the environmental work force and the 

88 
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Committee has focused its attention on expected additions from regular 
academic and vocational training sources. 

But even in making estimates of manpower supply from these sources, 
there are many uncertainties inherent in the estimates. The actual 
occupational destination of new entrants, as well as that of people in the 
existing labor force, depends largely on the relative remuneration offered 
by industry and government for their services. In the long run, the 
national pollution control program will have full access to a high quality 
labor force only if wages for environmental activities are maintained at a 
level equal to or exceeding those for general manufacturing, service 
activities, or other national programs. 

OCCUPATIONS DIRECTLY INVOLVED IN POLLUTION 
CONTROL 

A 1974 National Science Foundation (NSF) Survey of Scientists and 
Engineers provides an insight into the total skill mix of environmental 
personnel. The results of the survey are shown in Table B.2, Attachment 
B, of the Appendix on Methodology and National Data. Some 135,000 
persons from various academic disciplines in science and engineering 
reported working in environmental protection or pollution control. The 
preparation and orientation of this group of workers is perhaps the most 
important in terms of the technical quality of the national environmental 
effort. 

The occupation with the largest number of persons was engineering. 
About 60 percent of the professionals were working as civil, mechanical, 
environmental and sanitary, chemical, electrical, and industrial engineers 
and in other engineering categories. Others were working as chemists, 
agricultural and biological scientists, earth and other physical scientists, 
and social scientists. Also, a large number of scientists and engineers were 
employed as managers and administrators. 

SUPPLY-DEMAND BALANCE 

Requirements for pollution control manpower have been met primarily 
through the employment of people from other fields and from a variety of 
educational and training backgrounds. This has been the case not only 
for persons in jobs with modest slcill demands but also up through the 
highest professional positions demanding scientific and technical skills. 
There is every reason to believe that, for the bulk of future requirements, 
this situation will continue. 

The supply of highly trained manpower at any time in the field of 
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pollution control is, of course, related to the supply of such people in the 
economy as a whole and is affected by specific demands from competing 
national programs such as energy, defense, and health. The NSF 1974 
survey found that, of the nearly 1.75 million persons now employed as 
scientists and engineers, about 12 percent are working in pollution 
control; of those with doctorates, the proportion is about 6 percenLl 

Projections by NSF, the National Center for Education Statistics, and 
others indicate that for the next decade an average of 400,000 degrees in 
science and engineering will be awarded annually, a potentially sizable 
addition to the pool of professionals now at work in science and 
engineering. However, the number of newly-trained scientists and 
engineers at any time has always been considerably larger than the 
number actually drawn into those specialties in the labor force. Many 
graduates with a bachelor's degree enter nonscience/engineering jobs 
such as teaching; others continue into graduate study or transfer to 
another field. In any event, it appears that the education system can 
produce, without special stimulation, enough science and engineering 
graduates overall to meet the nation's requirements, including those in 
pollution control. 

The primary manpower problems facing pollution control planners 
are: how to plan and provide for the unique requirements for selected 
pollution control jobs; how to upgrade the quality of training for those 
who require it; and how to provide training to upgrade or reorient skills 
of people who are already at work in pollution control. Such training 
includes direct and specific instruction on pollution control operations 
and on pollution control management. 

While the total number of scientists and engineers may be more than 
adequate to meet pollution control needs, the numbers of persons 
available with certain specialties may be more significant. The NSF 
survey shows the specialties that are now employed in this field. When the 
survey data are compared to data on the numbers of persons in specific 
scientific and engineering fields in the U.S. labor force, the disproportion­
ate employment of some groups of specialists becomes apparent. For 
example, while 12 percent of all U.S. scientists and engineers are working 
in environmental control, the proportion of civil engineers in this field is 
24 percent; chemical engineers, 28 percent; chemists, 19 percent; 
biological scientists, 22 percent; and environmental or sanitary engineers, 
88percent. 

One measure of the impact of pollution control activities on doctorate 

1ne 1974 National Survey of Scientists and Engineers and the 1975 Survey of Doctoral 
Scientists and Engineers. Greater detail is provided in Appendix B. 
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TABLE 6.1 Doctoral-Level Scientists and Engineers 
Working in Pollution Control, as a Percentage of All 
Scientists and Engineers with Doctorates 

Total 
Physics 
Chemistry 
Earth sciences 1 

Engineering 
Ufe sciences 
Social sciences 2 

Other3 

Academic Field 

6 
4 

11 
15 
8 
8 
2 
1 

Employment Field 

6 
2 

10 
26 
8 
7 
2 
2 

1 Includea environmental and marine sciences. 
2 Includea psychology. 
3Includea mathematics, other specialties, and no report. 

SOURCE: 1975 Survey of Doctoral Scientists and Engineen. 

91 

level scientists and engineers is indicated by the proportion of all 
doctorates in such employment. Whereas the environmental field 
employs an average of only about 6 percent of all scientists and engineers 
who have doctorates (16,200 out of 263,000), according to the 1975 
Doctorate Survey, the proportion varies both by field of study and by 
area of employment in pollution control, as shown in Table 6.1. 

These data indicate that the earth sciences may be particularly affected 
by changes in pollution control programs. This may also be true of 
chemistry, engineering, and the life sciences, where the proportion of 
persons with doctorates is relatively high. Increased needs for such 
workers in pollution control might give rise to some imbalances between 
the supply and demand in these academic fields. 

This potential problem also is illustrated by the 1975 study of the 
National Science Foundation, ••Projections of Science and Engineering 
Doctorate Supply and Utilization 1980 and 1985." The study indicates 
increasing imbalances between supply and use of science and engineering 
doctorates. The NSF projections of changes in doctorate use show 
considerable variations, with the most drastic shift from academic 
employment evident in the physical sciences and engineering, while an 
increase in academic use is anticipated for the life sciences. The projected 
imbalances in terms of nonscience/engineering use are smallest for the 
life sciences and greatest in the social sciences. A relatively large 
imbalance also is indicated for engineering, but this may be diluted 
because of strong requirements for less-than-doctorate level engineers. 
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MANPOWER QUALIFICATIONS 

Thus, the magnitude of supply is only part of the environmental 
manpower problem. Of major concern are the quality and efficiency and 
the long-run cost effectiveness of manpower employed in the environ­
mental program. There is no evidence one way or the other that positions 
in pollution control programs are or will be filled by people who are fully 
qualified and prepared for their responsibilities. But it is clear that the 
needs for technical expertise are substantial ifthe nation is to develop and 
maintain a viable research and development program, have competent 
facility design engineers, and build an industry capable of producing the 
hardware required for pollution control. 

Unfortunately, the belief is widespread that if the level of expenditures 
and the timing can be coordinated properly, any level of technology can 
be provided. It takes years to develop the specialty designer, to translate 
science into workable technology, and to develop a manufacturing 
capability that has the expertise to maintain a viable product line. 

EDUCATION AND TRAINING 

There is no simple solution through federal or other national action to 
possible problems of shortages in specialized occupations, general 
shortages in some geographic areas, or needs to improve the quality of the 
environmental work force. Except for some research and regulatory 
personnel, most environmental employment is in local facilities and 
subject to local labor market conditions. Therefore, most solutions to the 
problems of quality and isolated shortages of manpower should come 
through local management and educational institutions, although the 
federal government can encourage and help to develop local initiatives. 

Educational facilities are close to the location of most environmental 
employment and offer diverse kinds of training to respond to employ­
ment needs. Local leaders in pollution control should take advantage of 
every opportunity for training manpower that their local circumstances 
offer. EPA should play a role in assisting local institutions in environmen­
tal educational programs as much as possible. 

COOPERATIVE ARRANGEMmo.IS 

Cooperative education offers many benefits in training pollution control 
workers. It is a training method in which students work part-time during 
the period that they are receiving formal occupational education in 
school. Their employment gives them an opportunity to learn on the job; 
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Supply of Pollution Control Manpower 93 

to deal with up-to-date industry methods and with real rather than 
theoretical work problems; to obtain some pay while learning, which 
enables many students who could not otherwise do so to continue their 
education; and, often, to get full-time employment at the cooperative 
training work site when they finish school. The cooperative effort also 
opens up an avenue for continuing communication between the schools 
and organizations involved in pollution control. 

The cooperation between educational institutions and pollution 
control organizations should extend beyond cooperative education 
arrangements for students. In the case of higher educational institutions, 
programs for the exchange of university teachers with scientific personnel 
in the control agency or industry working on control problems should be 
set up. Practical knowledge and experience with the field problems in 
pollution control are valuable and can be obtained through faculty leaves 
of absence to the pollution control industry and government agencies. At 
the university level, the competence of faculty teaching in environmental 
control areas should be judged on the basis of this practical experience as 
well as on such criteria as academic degrees and research publications. 
Similarly, agency and industry personnel could both benefit and 
contribute by spending a semester or so teaching. 

PERFORMANCE-ORIENTED INSTRUCTION 

Performance-oriented education is recognized as an effective way to 
structure teaching. It has a great potential and should be encouraged in 
the environmental pollution control area, particularly for operator 
training. Self-paced instruction and teaching machines, using the latest 
electronic teaching aids, should be evaluated and used when feasible. 

LICENSING AND CERTIFICATION 

Licensing of environmental pollution control workers takes several 
forms. For water and wastewater treatment plant personnel, each state 
has a mandatory or voluntary state certification board which sets the 
standards for education, experience, and examination for all levels of 
personnel. Licensing is valuable in assuring minimum qualifications. 
However, licensing examinations should stress the skills and practical 
training necessary to carry out the operational assignment as well as 
theory. 
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TABLE 6.2 Examples of EPA.Sponsored Curriculum Development Projects 

Subject Area 

Air pollution control 

Wastewater treatment plant operations 

Laboratory skills and procedures 
(wastewater) 

Monitoring and surveillance 
(wastewater effluent) 

Wastewater technology 

Wastewater treatment plant management 

Operator training, wastewater (under 
development) 

Producer 

EPA/Research Triangle Puk, N.C. 

Charles County Community College, LaPlata, Md. 
Greenville, Tech., Greenville, S.C. 
Linn-Benton Community College, Albany, Oreg. 
Oemson University, aemson, S.C. 

Charles County Community College, LaPlata, Md. 
in cooperation with the EPA National Training 
Center, Cincinnati, Ohio 

Ulster County Community College, 
Stone Ridge, N.Y. 

University of Muyland, College Park, Md. and 
aemson University, Cemson, S.C. 

Michigan State University, Lansing, Mich. 

Charles County, other colleges and state agencies 

Products 

Two-yeu technician curriculum; instruc­
tional materials 

Two-yeu technician curriculum; sixteen 
instructor's guides; operating procedures 

Instructor and student guides 

Two-yeu technician curricula 

Four-year bachelor of wastewater engi­
neering technology curriculum 

Correspondence course materials 

Series of courses at 4 levels as identified in 
ABC certification classifications 

~ 
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PROFESSIONAL SOCIETIES 

Professional and technical societies involved in pollution control activi­
ties are a valuable resource and should be encouraged to use their 
breadth of experience by helping to develop practical teaching manuals 
and other materials and methods for pollution control training. especially 
on a local basis. EPA should take the lead in formulating programs which 
will help to develop teaching materials, when needed, and should 
encourage the use of all available assistance. 

CAREER LADDERS 

Methods to provide an opportunity for technical advancement and career 
mobility for workers who have pursued a program of terminal type 
training should be examined. While the Committoe bas no simple 
solution to this problem, it feels that universities should consider carefully 
the experience and training of pollution control technicians and 
operators who qualify for continuing their studies toward scientific or 
other professional careers. 

EDUCATIONAL TECHNOLOGY 

A 1972 report (Carnegie 1972) pointed out that developments in 
electronics are bringing about a revolution in education and that a large 
part of training will make use of a variety of such media as radio, 
television, tape recorders, and computers. In addition, instructional 
technologists have been applying earlier research in behavioral psycholo­
gy to the design of instructional systems. EPA has supported projects in 
these areas and it now may be time to coordinate some of these efforts to 
improve the training process. 

CURRICULUM DEVELOPMENT 

EPA has been active in the development of curricula for use in pollution 
control education and training programs. Table 6.2 summarizes some of 
these projects and indicates the scope of EPA's activities. Other 
curriculum materials have been prepared for use in air pollution control 
training and for the pesticides certification programs. The Committee 
believes that curriculum development is an appropriate activity for EPA 
and that the Agency should expand its development of prototype training 
materials. Economies of scale in these activities can be realized at the 
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TABLE 6.3 EPA Obligations to Universities and Colleges, FY 1974, by Size of Obligation and Number of Institutions 
Involved 

Size of EPA Obligation (dollars in thousands) 

Number of institutions 
Total value of obligations 

Sl,000 or more 

3 
$4,073 

SOURCE: National Science Foundation (1976). 

$500-999 

13 
$8,040 

$250-499 

18 
$6,553 

$100-249 

so 
$7,844 

$99 or less 

123 
$4,409 

Totals 

207 
$30,919 

~ 
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federal level. However, care should be· taken to account for regional 
differences in environmental conditions in developing curricula. 

RESEARCH AND DEVELOPMENT TRAINING 

The concentration of funding by both EPA and industry of applied 
research and development in private firms may or may not result from a 
conscious manpower policy. However, money spent on research and 
development can serve two purposes: to add to the base of knowledge 
and develop innovations; and, especially when conducted in educational 
institutions, to provide the means for high-level training of future 
scientists and engineers. Over the long run the training function of 
research can have a greater impact than the outcome of a particular 
experiment or study. 

The design of any publicly-supported research program carried out in 
an academic setting should explicitly include provisions for the ongoing 
training of new workers by involving students or young workers in the 
investigative research process. EPA has no satisfactory policy for using its 
research program as a means of stimulating the development of human 
resources in the technical aspects of pollution control. It is a serious 
omission by EPA and one that the Agency should remedy as soon as 
possible. 

The distribution of EPA funds to educational institutions in FY 1974 is 
shown in Table 6.3. More than 200 schools received funding from EPA in 
FY 1974. Sixteen schools received over $500,000 each and accounted for 
$12 million of the $30 million obligated by EPA that year; 123 schools 
each received less than $100,000, accounting for a total of $4 million. 

A possible strategic approach for EPA would be to increase the share 
of research that is contracted to colleges and universities. At the same 
time the Agency should seriously consider allocating its R&D financial 
support so as to create or maintain high-quality centers of research and 
learning where critical skills can be developed and passed on. Such 
centers should be dispersed geographically, but not to the point that 
"critical masses" needed for study and instruction are lost. 

REFERENCES 
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7 Quality of 
Manpower 

Quality is a widely used word that conveys different.meanings, depending 
on the user and the circumstances. Frequently it means essential nature 
or kind. Those meanings would apply in connection with ·either 
manpower or facilities but usage of the word here is intended to convey 
the degree of excellence, that is, the ability to perf onn. As related to 
manpower, the performance valuation is less in terms of intellectual 
capacity than it is related to training characteristics or educational 
background and to proper placement in a position requiring the type of 
training a job demands. The capability of operating personnel is a major 
factor in determining the performance and efficiency of pollution control 
facilities. 

The quest for a cleaner environment will cost billions of dollars. But no 
matter how large the capital investment for pollution control, environ­
mental quality cannot be achieved without an able manpower compo­
nent. People with a wide variety of knowledge and skills are essential if 
we are to have the technological expertise required to develop control 
methods capable of dealing with pollution problems and if we are to 
operate control programs, plants, and equipment efficiently. 

MANPOWER QUALITY AND TREATMENT PLANT 
EFFICIENCY 

Operators of treatment plants, either for water supply or wastewater, are 
good examples of the need for manpower quality. Both great responsibili-
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ties and great demands are made upon their ability to perform necessary 
duties with versatility and competence. There are times when they face 
the problems of a chemist, mechanic, biologist, and electrician. They 
must be able to apply principles of physics, mathematics, bookkeeping. 
bacteriology, and hydraulics in their daily routines. At the same time, 
they need to work effectively with municipal officials and the public. 

Skill development must apply horizontally, vertically, and diagonally 
through the entire personnel structure. The key operating staff of a large 
plant needs to develop competency in more than one skill area in order to 
move upward in the personnel structure to supervisory positions of 
increasing responsibility. On the other hand, the individual operator of a 
one-person plant must successfully meet the challenge of that job. 

The country's wastewater treatment program illustrates the danger 
inherent in emphasizing investment in capital plant without adequate 
accompanying development of trained personnel. In the years from 1956 
to 1972, approximately $9 billion were allocated by the nation for 
construction of some 12,000 wastewater treatment plants. Since 1972, the 
allocation of funds has proceeded at a greater rate both by the federal 
government under the Federal Water Pollution Control Act and by 
industry. Unfortunately, over this entire period, specialized technical 
training programs for operators have not kept pace (Rademacher 1972). 
One manifestation of this is to be found in reviews of plant records, which 
indicate that a large percentage of treatment plants in those years were 
not regularly operated at their designed levels of efficiency owing to a 
shortage of skilled operators. In fact, there were many instances where 
plants operated at levels far below design efficiency. The variations 
occurred not only among plants but within individual plants where 
biochemical oxygen demand removal was as low as 60 percent (Thomann 
1970). Low performance in treatment facilities causes various equipment 
and process failures and reduces stream water quality. 

Further evidence of poor plant performance, and indications that 
operator training plays an important part in adequate plant management, 
is found in the annual reports of EPA to Congress over the past five years. 
These documents result from periodic operation and maintenance 
inspections and evaluations of existing wastewater treatment facilities 
across the nation (U.S. EPA 1974). 

It would be erroneous to place the blame for poor treatment plant 
performance entirely upon manpower. The reasons for such performance 
include inadequate laboratory facilities, lack of operation and mainte­
nance manuals, lack of spare parts, poor records, and overloading of the 
system. But each of these problems relates at least in part to manpower 
and to poor management practices. Significant savings and improvement 
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in efficiency could be realized if operators and managers were better 
trained. In fact, data show that while labor accounts for the largest 
proportion of municipal plant operating costs, only a low percentage of 
operating funds is spent to maintain or upgrade the quality of personnel 
through training. Even among the better-run treatment plants, it 
frequently is the smaller plants that spend the largest proportion of funds 
for training as compared to wages, although the larger plants may spend a 
greater total amount for training. 

It has been observed that in treatment plants that are of good design 
and have adequate operating equipment, operating efficiency primarily 
will be determined by the ability of the operating personnel to handle the 
plant in accordance with design specifications. A study on wastewater 
treatment operations found that there is a risk to capital investment when 
expensive treatment facilities are placed in the hands of poorly-trained 
personnel (McLanahan and Tefft 1972). The study also shows that a well­
organized operator training program can avoid these difficulties and 
provide a substantial return on investment. It concludes that, on a 
conservative average, each operator is responsible for at least $64,000 in 
plant capital investment, a figure that can rise to more than $100,000. By 
comparison, industrial production workers in the United States, on the 
average, individually are entrusted with about $10,000 in capital 
investment. 

The study concludes that investment in operator training is well 
justified in order to protect capital investment in terms of improved plant 
efficiency. Effluent quality also can be expected to improve appreciably 
over pre-training levels. A carefully organized and well-executed training 
program also will lead to increased job interest by operators and help to 
sustain a high performance level. 

Another action program needed in the environmental pollution control 
manpower sector is comprehensive planning for a continuing supply of 
quality manpower. This could include licensing and certification of 
personnel as well as developing and implementing instructional systems 
that employ a variety of techniques for training new workers, upgrading 
current staff, and retraining personnel who can benefit. 

There must also be closer cooperation among planners, plant design­
ers, regulators, and operators of pollution abatement and control 
facilities if employee effectiveness and plant operating efficiency are to be 
improved. While it is true that cooperation can be promoted and 
encouraged by instructional programs and technological demonstrations, 
EPA can play a significant role by paying judicious attention to how 
funds are allocated. Performance criteria can be employed in certification 
or licensing and to determine the content and quality of instructional 
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programs. Similarly, equipment performance, process analyses, and 
planning efforts can serve as the basis for allocation of funds. By these 
means, EPA can establish the necessary performance criteria to be met 
by participating agencies, firms, and individuals before payment is made. 
Certainly, if EPA provides the necessary leadership to promote and 
develop sound training programs at state and local levels, the environ­
mental protection program will have a much better chance for success. 

QUALITY OF MANPOWER IN EPA 

The competency or .. quality" of personnel in every public agency is a 
much discussed subject. EPA is no exception in this regard. Partly 
because of the difficult task it must handle and because problems and 
controversy have existed in environmental protection since long before 
passage of organic pollution control legislation, there is a wide range of 
opinion on the caliber of the Agency's manpower. The Committee 
considers it potentially useful to examine and clarify the issues involved 
and, if possible, to resolve them. 

A clear understanding of EPA's mission is not easy to obtain. This 
makes it difficult to establish a firm basis for assessing the performance of 
its employees. Consequently, gaining the objectives of cleaning up the 
environment and maintaining the improvements achieved are going to 
require major changes in the American way oflife. 

The program approach scarcely can avoid being negative in nature 
because its basic elements are the conception of regulatory functions, the 
issuance of performance standards, and the initiation of enforcement 
proceedings. Even so, the statutes prescribing the Agency's activities are 
very different from those that guide the operations of old-line federal 
organizations such as the Federal Power Commission and the Interstate 
Commerce Commission. In addition to its prime regulatory function, the 
Agency serves as a conduit for federal funds intended to ease the impact 
of regulations on individual polluters. A good example is the Construc­
tion Grants Program administered by EPA to provide capital for local 
governments, and indirectly to many industries, for construction of new 
facilities. Also, the Agency is engaged in substantial research and 
development work in order to devise appropriate standards and to 
demonstrate feasible technology for achieving them. 

In each of these cases, the activity is essentially supportive of a 
primarily regulatory orientation. This orientation will continue as the 
Construction Grants Program and the development of standards and a 
feasible technology peak and then decline, leaving a relatively bare-bones 
enforcement agency to maintain the resultant clean environment. While 
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this is an intentionally overstated description of EPA functions, it 
emphasizes a fundamental characteristic of the Agency that is easily 
overlooked when one carefully examines its technical makeup. Whether 
or not it is the wisest approach to the complex problems of pollution 
control in our society is debatable. But for the time being. EPA operates 
essentially along the lines discussed and this has clear implications for the 
set of expectations against which the effectiveness of its employees and its 
perf onnance must be measured. 

The requirement for formulating and establishing standards for a large 
number of industries in a short time is likely to cause any agency to draw 
heavily upon the resources of consulting firms that already have the 
technical competence for the task at hand. This is a reasonable strategy, 
but it creates an urgent need for personnel in the Agency who have 
substantial and recent experience in the administration and oversight of 
research rather than in its actual execution. Even where a government 
scientist manages to maintain an active research program, a major and 
increasing share of his time is likely to be consumed with contract 
management and performance evaluation rather than with his scientific 
speciality. 

The inherently temporary nature of large-scale setting of standards and 
equipment development also tends to increase dependence on outside 
rather than in-house scientific effort. It might be a short-sighted policy on 
the part of EPA to develop an extensive scientific capacity which would 
have to be dismantled after completion of the first major round of 
standard-setting and equipment development. 

Thus, one can establish the profile of an "ideal'' EPA scientific 
employee as primarily a technically competent administrator of contracts 
and grants to consulting firms and academic researchers. Beyond a 
limited but crucial role, theoretical scientists would have little to 
contribute in getting EPA's immediate job done. Any qualitative 
evaluation of the effectiveness of Agency scientists should take these 
factors into account, rather than to measure them arbitrarily against the 
same criteria as are appropriate for consultants or academicians. It also 
seems reasonable to assume that standards appropriate for academic 
researchers, such as publication or citation data, do not apply to 
employees of an agency like EPA. Furthermore, it is not easy to derive a 
standard by which EPA employees can be compared qualitatively with 
their counterparts in federal agencies with different missions. 

In this report, Agency personnel characteristics have been examined in 
terms of selected variables for which comparable data do exist. Several 
patterns are apparent. First, EPA employs nearly half of its personnel in 
scientific and engineering occupational categories-some 45 percent of 
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its I 0,000 or so full-time employees. This compares with only slightly 
more than 20 percent in these categories for the federal government as a 
whole. Second, the educational level among EPA scientists and engineers 
is reasonably high, with 10 percent of the total holding Ph.D. degrees and 
32 percent with Master's degrees. In research and development, these 
percentages increase to 30 percent who have a Ph.D. and 27 percent who 
have a Master's degree. Third, EPA scientists and engineers are 
comparatively well-paid, with mean salaries exceeding $24,000 per year.1 
This compares with a business and industry median salary for scientists 
and engineers of S 19,000, and a state government median salary of 
$16,400(NSF 1975). 

Such data have limitations and require careful evaluation in drawing 
conclusions. For example, nothing is indicated or implied regarding the 
effective use or assignment of EPA personnel. Nor can any inference be 
made from this information about the role of scientists and scientific data 
in the Agency decision-making process. The data do indicate that EPA 
has a substantial proportion of highly trained people on its staff and that, 
if a problem exists in the "quality" of the Agency's output, it may well be 
caused by factors other than Agency manpower. 

In summary, two points should be emphasized. First, it is vitally 
important that goals and limitations of an organization be defined 
explicitly before establishing standards against which to measure 
effectiveness or "quality" of its personnel. Although the various commit­
tees in the NAS/EPA study project are in a unique position to provide 
fresh insight on this issue, the complex task of human resource evaluation 
should not be underestimated. Second, there is no a priori evidence, 
based on an aggregate view of the Agency's personnel, that high-level 
technical competence is lacking to any substantial degree. The point 
which should not be overlooked is whether that competence is in the right 
places and whether the personnel involved are being used most 
effectively. 
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APPENDIX 

A 
Legal 
Aspects 

INTRODUCTION 

This report is focused on the legal aspects of EPA's role in developing 
environmental personnel. While statutory authority is extensive, there are 
few judicial and formal administrative decisions on the subject of 
environmental personnel. Therefore, much of the analysis deals with the 
numerous statutory provisions of environmental legislation and the 
formulation of personnel development policies by EPA, the Office of 
Management and Budget, and other governmental and private organiza­
tions. It was not possible for the Panel to consider in this report actions 
which became effective after mid-1976. 

The first section introduces the federal statutes which constitute the 
primary sources of EPA authority to develop environmental personnel, 
and reviews governmental processes and decision making for the funding 
of EPA's personnel development programs. 

The second section summarizes and reviews the major environmental 
statutes applicable to EPA and its personnel development functions. 
These include statutes for air, water, and noise pollution control; for the 
regulation of pesticides, radiation, solid wastes, and ocean dumping; for 
the provision of safe drinking water; and for the development of EPA 
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108 Appendix A 

environmental impact statements and EPA review of such statements 
developed by other agencies. 

The third section identifies and evaluates some of the personnel 
development responsibilities imposed on EPA by the activities of other 
federal agencies and the courts. Two examples of such activities have 
been chosen: the development of the Liquid Metal Fast Breeder Reactor 
Program by the Energy Research and Development Administration and 
the Nuclear Regulatory Commission; and the judicial decisions on "no 
significant deterioration" of air quality. 

The fourth section identifies several environmental responsibilities of 
EPA which have not been expressly conferred by statutes, but which are 
implicit in the achievement and maintenance of environmental quality, 
and which have implications for EPA personnel development. The 
environmental responsibilities chosen relate to land use, resource 
conservation, and international cooperation. 

The fifth section reviews the nondiscriminatory requirements regarding 
minorities and women that are applicable to EPA personnel develop­
ment, and assesses EPA policies for implementation. 

The final section presents conclusions and recommendations derived 
from the foregoing analyses and reviews. An extensive attachment, in 
matrix format, describes key provisions of relevant federal legislation 
which expressly and/or implicitly require personnel development by 
EPA. 

SOURCES OF AUTHORITY AND 
FUNDING PROCESSES FOR 
EPA DEVELOPMENT OF 
ENVIRONMENTAL PERSONNEL 

Environmental Protection Agency (EPA) development and training of 
environmental personnel require statutory authority and appropriate 
funding. This chapter examines Congressional provision of statutory 
authority to EPA and procedures for budgeting and funding EPA 
programs for the development of environmental personnel. 
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EPA SOURCES OF AUTHORl1Y 

The Environmental Protection Agency was established by Reorganiz.a­
tion Plan No. 3of1970, transmitted by the President to Congress on July 
9, 1970 (U.S. Office of the President 1970). Various functions vested by 
previously enacted statutes in other executive agencies and departments 
were transferred to EPA, and include: 

I. all functions vested in the Secretary of Interior under the Federal 
Water Pollution Control Act; 

2. all functions vested in the Secretary of Interior under the Federal 
Insecticide, Fungicide, and Rodenticide Act (FIFRA), which relate to 
studies of the effects of insecticides, herbicides, fungicides, and pesticides 
upon the fish and wildlife resources of the United States; 

3. all functions vested by law in the Secretary of the Department of 
Health, Education, and Welfare (DHEW) which were exercised by these 
components of the Environmental Health Service (with certain express 
exceptions): the National Air Pollution Control Administration; and the 
Bureau of Solid Waste Management, the Bureau of Water Hygiene, and 
the Bureau of Radiological Health of the Environmental Control 
Administration; 

4. the advisory functions of the Federal Radiation Council [42 USC 
202l(h)]; 

5. the functions of the Atomic Energy Commission relating to the 
establishment of .. generally applicable environmental standards for the 
protection of the general environment from radioactive material"; 

6. the functions of the Water Pollution Control Advisory Board (33 
USC 466f); and 

7. the functions of the Air Quality Advisory Board (42 USC 1857e). 

The transfers to the EPA Administrator by Section 2 of the Reorgani­
zation Plan (U.S. Office of the President 1970) were .. deemed to include 
the transfer of ... authority, .i>rovided by law, to prescribe regulations 
relating primarily to the transferred functions." In addition, the transfer 
included .. so much of the functions of the transferor offices and agencies 
referred to in or affected by the foregoing provisions of this section as is 
incidental to or necessary for the peiformance by or under the Administra­
tor of the functions transferred by those provisions or relates primarily to 
those functions" (e.g., environmental personnel training and develop­
ment). 

The second section and the Attachment to this Panel report contain an 
analysis of the presently applicable provisions of statutory authority, 
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under major environmental legislation as of January 1976, for personnel 
development by EPA. Statutory provisions are analyzed for personnel 
development requirements which are either expressly or implicitly 
authorized. Legislation analyzed includes these Acts: aean Air Act, as 
amended in 1970; Noise Control Act of 1972; Federal Insecticide, 
Fungicide, and Rodenticide Act; Federal Environmental Pesticide 
Control Act of 1972; Resource Recovery Act of 1970; Federal Water 
Pollution Control Act Amendments of 1972; Safe Drinking Water Act; 
Marine Protection, Research, and Sanctuaries Act; and the National 
Environmental Policy Act of 1969. 

These Acts fall under that broad sector of federal environmental law 
pertaining to EPA regulatory control of pollution. Two important 
features of such legislation are: the establishment of criteria and 
standards for sources of pollution and for the ambient environment; and 
the establishment and enforcement of control programs. The legislation 
also provides for research, training, monitoring, and other elements of 
pollution control. There is, at the minimum, an implicit authorization in 
the legislation for EPA development and training of environmental 
personnel necessary for the performance of the Agency's functions, 
including personnel for research, development, enforcement, monitoring, 
and program administration. Several of the statutes also contain 
provisions expressly requiring environmental personnel development 
through training and other educational programs. 

In addition to these statutory sources of authority, EPA is subject to 
judicial decisions which may impose new types or levels of personnel 
requirements on the Agency. This and other sources of EPA responsibili­
ties are discussed in the third and fourth sections of this Appendix. 

EPA FUNDING PROCESSES 

Section 4 of Reorganization Plan No. 3 provided for the incidental 
transfer of allocations, appropriations, and other funds to be used in 
carrying out the functions transferred to the EPA Administrator under 
Section 2 of the reorganization: 

Sec. 4. Incidental transfers. (a) So much of the personnel, property, records, and 
unexpended balances of appropriations, allocations, and other funds employed, 
used, held, available or to be made available in connection with the functions 
transferred to the Administrator or the Agency by this reorganization plan as the 
Director of the Office of Management and Budget (OMB) shall determine shall be . 
transferred to the Agency at such time or times as the Director shall direct. 

(b) Such further measures and dispositions as the Director of the Office of 
Management and Budget shall deem to be necessary in order to effectuate the 
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transfers referred to in subsection (a) of this section shall be carried out in such 
manner as he shall direct and by such agencies as he shall designate (U.S. Office 
ofthe President 1970). 

As indicated in Section 4, the OMB Director was provided with 
discretionary power over the allocation and transfer of funds to 
implement the vested functions in EPA. Since 1970, OMB has played an 
integral role in the process of budgeting and funding EPA functions, and 
is thereby implicated in any assessment of EPA performance on 
personnel development matters. 

OMB exerts control over three major functions of Executive Branch 
agencies: (1) coordination and control of budget proposals; (2) coordina­
tion and management of fiscal allocations; and (3) coordination of 
Administration proposals on desired legislation. Thus, OMB serves the 
Executive Office of the President through both top-level policy formula­
tion and the design and monitoring of policy execution. Each year, EPA 
prepares its budget request and accompanyingjustifications for submittal 
to OMB. OMB then proceeds to redefine the Agency's budgetary request 
according to Executive Office policy priorities and criteria, many of 
which are not publicly articulated. In addition, EPA is under continual 
scrutiny by OMB budget examiners. Duties of the examiners are intended 
to insure OMB control of final budgetary preparations as well as regular 
overview of EPA fiscal management functions. With regard to Adminis­
tration legislative proposals, the testimony of EPA officials before 
Congress on pending legislation must receive pre-clearance approval 
from OMB to make certain that such testimony will be consistent with 
Executive Office policy. 

A classic example of OMB/Executive Office fiscal decision malcing and 
its influence over EPA program development, with significant environ­
mental personnel implications, involved the impoundment of appropria­
tions for wastewater treatment plant construction grants. The 1972 
Amendments to the Federal Water Pollution Control Act made available 
(under Sections 205 and 207), through the mechanism of EPA contract 
authority, a total of $18 billion for FY 1973, 1974, and 1975 for the 
construction grant program. On December l, 1972 and on January 18, 
1974, fonner President Nixon directed the EPA Administrator to defer 
allocation of$9 billion of these authorized funds. 

Two suits, Train v. City of New York (1975) and Train v. Campaign 
Clean Water (1975), reached the U.S. Supreme Court, challenging the 
withholding of such funds. On February 18, 1975, the Court ruled that the 
impoundment of such funds for sewage treatment plant construction 
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violated the Federal Water Pollution Control Act. The Court, in 
considering only the specific requirements of the Act. stated: 

as conceived and passed in both Houses, the legislation was intended to provide a 
firm commitment of substantial funds within a relatively limited period of time in 
an effort to achieve an early solution of what was deemed an urgent problem. We 
cannot believe that Congress at the last minute scuttled the entire effort by 
providing the Executive with the seemingly limitless power to withhold funds 
from allotment and obligation. 

On February 24, 1975, President Ford authorized FY 1976 allocation of 
the deferred $9 billion for construction of publicly-owned sewage 
treatment facilities. 

Congress responded to the Executive impoundment of these funds by 
passing the Congressional Budget and Impoundment Control Act of 
1974. The relevant sections limiting Executive impoundment authority 
are 1002, 1012, and 1013. Section 1002 further defines the scope of the 
"Antideficiency Act" by prohibiting the use of reserves for fiscal policy 
purposes which will result in achievement of less than the full objectives 
and scope of programs enacted and funded by Congress. Section 1012 
provides that if Congress does not complete action on all or part of the 
amount specified on a recision bill (transmitted by the Executive) within a 
prescribed 45-day period, then the total amount shall be made available 
for obligation. Section 1013 provides that if either House of Congress 
pas~s an impoundment resolution disapproving a proposed deferral 
(transmitted by the President), then the full amount shall be made 
available for obligation. The thrust of these sections is to.provide more 
substantial assurances that Executive fiscal policy will not frustrate the 
accomplishment of previously legislated objectives of Congress without 
subsequent express agreement of Congress. 

The impoundment of construction grant funds is but one example of 
the significant inftuence which OMB/Executive Office decision malcing 
has exerted on EPA program formulation and implementation. OMB has 
inftuenced the conduct of other EPA functions as well, including 
personnel training and development. However, such EPA functions, as 
they may be expressly or implicitly authorized by Congress, generally are 
not specified by legislation in terms of deadlines, dollars, or specific 
duties, and much is left to the discretion and good faith of the Agency. 
Hence, it is more difficult to measure the extent of OMB or Executive 
Office actions on Congressional objectives in such areas of broad agency 
discretion as personnel development. The strictures of the Budget and 
lmpoundment Control Act are intended to improve the overall situation 
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but may be difficult to apply as to specific Congressionally-designated 
purposes. 

The OMB role ought to be more clearly defined and publicly 
examined. Furthermore, the criteria for fiscal and pre-gram decisions of 
OMB need to be better understood to a~ure tltatoffice's accountability. 
Therefore, any current assessment of EPA performance, particularly in 
the development of environmental personnel and in the conduct of other 
broad discretionary functions of the Agency, will be incomplete. Central 
pieces of the Agency decision-making puzzle are missing. and this 
condition will continue to exist until Congress addresses the mati:er. 

ENVIRONMENTAL PERSONNEL 
DEVELOPMENT: STATUTORY REQUIREMENTS 
AND EPA IMPLEMENTATION 

Eight comprehensive pollution control programs directed by EPA are 
analyzed in this chapter for their consequences on the development of 
environmental personnel. "Environmental personnel" is defined as all 
personnel employed by EPA, state pollution control agencies, other 
governmental bodies, academic institutions, consulting firms, or private 
industry who are required for the implementation of the federal pollution 
control programs considered in this report. Each e:fthese programs-air 
pollution control, noise pollution control, pesticides regulation, radiation 
control, solid waste management, water pollution control, regulation of 
drinking water quality, ocean dumping regulation-is discussed in 
general terms for its personnel requirements and then presented in the 
Attachment. In addition, this chapter discusses the personnel implica­
tions of EPA review of environmental impacts of other federal agencies 
and EPA development of environmental impact statements for its own 
major actions affecting environmental quality. 

~ersonnel development requirements of the eight pollution control 
programs are organized into two categories: those "expressly authorized" 
by statute, and those "implicitly required" by statute. The first category 
includes sections of a statute which have as their explicit purpose the 
training or development of personnel to implement the program in 
question. Typically, such provisions include authorizations for EPA to 
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award training grants, research fellowships, or grants to state agencies for 
the planning and implementation of a pollution control program. 
Statutory provisions which "implicitly" require" personnel development, 
on the other hand, usually make no mention of personnel. They have 
been determined, nevertheless, to require substantial numbers of people 
for their implementation. One such provision is an authorization for 
research and development projects in which personnel will be needed to 
undertake the research. Other typical provisions with implied or indirect 
personnel development consequences are those establishing pollution 
control standards and programs for their application, such as emission 
limitations (with concomitant monitoring and enforcement responsibili­
ties), permit requirements, or obligations to apply certain control 
methods or technologies. Implicit requirements often make it necessary 
for several sectors of society to engage in the needed personnel 
development: EPA personnel are required to develop appropriate 
standards and to administer the federal aspects of the control program; 
state administrative staff ultimately are expected to share in or to take 
over implementation of program elements; federal and state personnel 
often share in enforcement of the standards; personnel are needed to 
conduct ongoing research and development so that the program reftects 
current technology; and private industry must commit human resources 
in order to comply with pollution control standards and monitoring 
requirements. 

Each of the statutory mandates is treated only in general in this 
narrative, with details left to the relevant section of the Attachment. 
Emphasis has been placed on the two most comprehensive statutes, the 
Clean Air Act and the Federal Water Pollution Control Act, as amended. 
Evaluation covers significant personnel development provisions as well as 
the mandatory or discretionary character of the provisions and their 
associated time frames. 

AIR POLLUTION CONTROL 

EXPRESSLY AUTHORIZED PERSONNEL DEVEWPMENT 

The Clean Air legislation explicitly provides for personnel development 
in Section 103, which establishes a national research and development 
program for the prevention and' control of air pollution. As part of this 
program, the EPA Administrator is authorized to award grants to, and 
contract with, public or private agencies; to provide direct training or 
award training grants; and to establish research fellowships. The 
Administrator has used this authority to establish several types of 
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academic training activities: fellowships, training grants, curriculum 
development, and special training. Most of the fellowship funds have 
been spent on engineering and science fellowships awarded to employees 
of air pollution control agencies who are doing full- or part-time research 
in these agencies. The training grants, in the past, have been distributed 
among technicians, under-graduates, and graduate students, but a major 
part of these grant funds is now being spent at the graduate level. The 
funds for curriculum development and special training have been used in 
a variety of training and instructional activities, including the upgrading 
of academic faculty, and the full- and part-time training of students. 

The EPA authoriution to perform direct training of air pollution 
control personnel typically is conducted by OAPS in facilities provided 
by EPA regional offices to improve skills of people who are already 
employed in the air pollution control field. Courses such as Engineering 
and Enforcement, Laboratory and Surveillance, and Air Quality Man­
agement are offered for this purpose. 

Two other sections of the legislation provide for personnel develop­
ment, though not specifically for training activities. Section 105 author­
i7.es the Administrator to make grants to air pollution control agencies for 
amounts up to two-thirds of the cost of planning, developing, establish­
ing, or improving, and up to one-half of the cost of maintaining, 
programs for the prevention and control of air pollution or implementa­
tion of national ambient air quality standards. Grants to certain state and 
joint municipal agencies may comprise up to three-fourths of the cost of 
developing, and three-fifths of the cost of maintaining, such programs. 
Section 210 provides for funding state agency programs for the purpose 
of developing effective vehicle emission control devices and for establish­
ing inspection and testing of vehicle emission systems. Section 210 thus 
ties into Title II of the legislation, which deals with control of motor 
vehicle pollutants. 

IMPUCnl.. Y REQUIRED PERSONNEL DEVELOPMENT 

The most significant personnel development implications of the Clean 
Air legislation stem from the comprehensive system for control of air 
pollution from both stationary and mobile sources, as set forth in 
Sections 108 through 114. In brief, the legislation provides for the 
establishment by EPA of maximum allowable pollution levels in the 
ambient air (national primary and secondary ambient air quality 
standards). These standards must be achieved within a given time by the 
complying stationary and mobile sources through a "state implementa­
tion plan" (SIP) that has received EPA approval. In certain cases, 
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portions of the SIP may have been promulgated by EPA, particularly the 
transportation control plan. Each state's SIP must include any measures 
necessary to achieve the standards; typically, these will be emission 
limitations, timetables for compliance, and perhaps land-use and 
tra1&sportation control plans. The SIP also must include procedures for 
monitoring the ambient air. 

This system has substantial personnel implications for both public and 
private sectors. EPA needs research personnel, both in and outside the 
Agency, to develop the data base on which to promulgate ambient air 
quality stan(. uds. EPA staff also is required to formulate regulations 
governing the SIP and for review and continuing supervision of the state 
programs. State personnel needs are substantial, not only for technical 
staff but for planners, interdisciplinary and systems personnel, and 
administrative staff. The states and EPA share the responsibility of 
monitoring, inspection, and enforcement. Private industry, the primary 
source of pollution subject to SIP regulat.ions, also faces new p~1'SOnnel 
needs as it seeks to comply with emission limitations, control methods, 
and record-keeping requirements. 

Analogous personnel requirements are raised by Sections 111 and 112 
of the Clean Air legislation. Under Section 111, EPA is to promulgate 
performance standards (emission limitations based on available control 
technology) for certain new sources of air pollution. This provision also is 
implemented by the states, under EPA supervision, through pre-construc­
tion review of the location of each new source to which Section 111 
applies. Under Section 112, EPA issues emission standards for "hazard­
ous air pollutants." These standards may be enforced by the state if 
EPA approves the state enforcement procedure. 

Title II of the aean Air legislation, which establishes a program for the 
control of air pollution from moving sources, also has personnel 
development implications for EPA, the states, industry, and other sectors 
of society. Under Section 202, the EPA Administrator promulgates 
emission limitations for pollutants from motor vehicles. The law 
prescribes a 90 percent reduction of carbon monoxide and hydrocarbon 
emissions within five years (e.g., by 1975, although that deadline has been 
extended and interim standards set). This stringent requirement has led 
to a commitment of personnel resources by the automobile manufactur­
ing industry to develop emission control equipment for attainment of 
limitations set by EPA and the states. The law places record keeping. 
testing, and warranty responsibilities on industry. 

Another aspect of the Clean Air legislation with potentially significant 
personnel implications is its stated intent to protect and enhance the 
nation's air resources. This has led to the explicit regulatory requirement 
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of nondeterioration of air quality in areas where the air quality already is 
better than ambient air quality standards. This policy of nondeterioration 
and its personnel implications are discussed in the third section of this 
Appendix. 

NOISE POLLUTION CONTROL 

EXPRESSLY AUTHORIZED PERSONNEL DEVELOPMENT 

The federal noise control statute does not expressly provide for personnel 
training and development. The only reference in the Noise Control Act of 
1972 to personnel development is titat, as part of federally-supported 
noise control research, EPr"~ may provide technical assistance to state and 
local governments to facilitate their development and enforcement of 
ambient noise s~ndards, including .. advice on training of noise conb·ol 
personnel.,., Thus, it appears that any training activities for the purpose of 
noise control are at ihe discretion of the states. 

IMPUCITL Y REQUIRED PERSONNEL DEVEWPMENT 

The Act has personnel implications for EPA in carrying out its 
substantive regulations and for research institutions in carrying out the 
research it authorizes. 

It !·equires EPA to set noise emission standards for new products that 
are major sources of noise. Significant r-:search activities must, of course, 
precede standard setting, and the Act authorizes EPA to conduct, or to 
finance by contract, research on the effects, measurement, and control of 
noise. These research activities may be undertaken by other federal 
aEi•,ncies, such as the U.S. Department of Transportatio:i (001), in 
which case EPA serves as coordinator, or by other public or private 
agencies and organizations. 

Further personnel requirements for EPA stem from sections of the Act 
under which EPA promulgates noise emission standaids for railroads i-:nd 
motor carriers. The Act also generates additional personnel needs in 
in:tustries that manufacture products which are subject to the noise 
emission standards promulgated under this legislation. Manufacturers 
are required to give notice and warranties to consumers with respect to 
their product's emission of noise. They also may be required by the EPA 
Administrator to keep records on product noise emission characteristics. 
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PESTICIDES REGULATION 

EXPRESSLY AUTHORIZED PERSONNEL DEVELOPMENT 

The Federal Environmental Pesticide Control Act of 1972 (FEPCA) 
expressly provides for the training of personnel to enforce and administer 
the Act. The EPA Administrator is authorized to enter into cooperative 
agreements with states, to which EPA has delegated the power to enforce 
the Act, for the support of training programs on the state level. The 
cooperative agreements may be designed for training both enforcement 
personnel and certified pesticide applicators. Training of certified 
applicators also may be undertaken by federal and state agencies under 
contracts with EPA. 

IMPUcrn.. Y REQUIRED PERSONNEL DEVELOPMENT 

Implementation of federal pesticide control legislation necessitates the 
development of personnel from several sectors of society. These persons 
include research personnel to investigate the environmental effects of 
pesticides; EPA staff to administer the registration and classification of 
pesticides; state or federal certified applicators; state and federal 
enforcement and monitoring personnel; and private industry personnel 
for compliance with the legislation. 

Development of research personnel stems from the power of the EPA 
Administrator to undertake, by grant or contract, research activities for 
the purposes of carrying out FEPCA. This research, which may be 
performed by federal agencies, universities, or other institutions, is to give 
priority to the development of biologically-integrated alternatives for pest 
control. 

The substantive regulations under the pesticide control statutes will 
require personnel development in EPA and in state agencies for 
administration and enforcement. The most significant duties placed upon 
EPA are the "registration" and "classification" of all pesticides. EPA staff 
is needed to process applications for pesticide registration, which involves 
an investigation of the pesticide's environmental effects. Moreover, this 
investigation is likely to continue beyond initial EPA approval of a 
registration, since EPA is empowered to suspend or cancel registration 
upon finding that a pesticide causes unreasonable environmental 
damage. Vigorous enforcement will require ongoing monitoring and 
evaluation of pesticide effects. 

EPA also classifies each pesticide for general or restricted use, 
depending on its environmental effects. Restricted-use pesticides, those 
which may cause "unreasonable adverse effect on the environment," may 
be applied only under the supervision of a certified applicator. EPA 
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prescribes regulations for the certification of applicators. The power to 
certify applicators may be delegated to the states upon the EPA 
Administrator's approval of a state certification program. 

FEPCA also provides for monitoring, inspection, and enforcement 
activities. These duties, to some extent, will be undertaken by the states 
pursuant to the EPA Administrator's power to cooperate with state 
agencies (as well as with other federal agencies) to carry out the purposes 
of the Act. Statutory analysis, however, indicates that the states are not 
required to commit state personnel and resources to implement the 
legislation, but they may do so if they wish, and if EPA agrees to delegate 
the necessary authority and to provide funding. 

The pesticide manufacturing industry will need additional personnel to 
comply with the registration and reporting requirements of the statutes. 
The Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA), the 
organic legislation, requires that all pesticides be registered with the EPA 
Administrator. An application for registration must include a statement 
of all claims as to the effectiveness of the pesticide and, if requested by 
EPA, a description of the test results upon which claims are based. The 
registration requirement will necessitate additional administrative staff 
and perhaps more research personnel. 

Furthermore, the Act requires pesticide producers to register their 
"production establishment" with EPA. This entails reporting types and 
amounts of pesticides being produced or sold. The Administrator also 
may prescribe other record-keeping obligations for pesticide producers. 

RADIATION CONTROL 

EXPRESSLY AUlHORIZED PERSONNEL DEVELOPMENT 

Federal radiation control legislation does not expressly provide for EPA 
programs for the training and development of personnel. 

IMPLICITLY REQUDlED PERSONNEL DEVELOPMENT 

EPA's responsibility in the area of radiation control derives from 
Reorganization Plan No. 3of1970, which established the Agency (U.S. 
Office of the President 1970). Section 2(a)(6) vested in EPA 

the functions of the Atomic Energy Commission (AEq . . . administered 
through its Division of Radiation Protection Standards, to the extent that such 
functions of the Commission consist of establishing generally applicable 
environmental standards for the protection of the general environment from 
radioactive material. 
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In 1973, when EPA was about to issue standards for radiai.ion 
emissions from nuclear plants that, in most instances, were considerably 
more stringent than existing AEC star.dards, the Director of OMB 
instructed EPA to drop its plans for regulating such emissions. EPA 
complied and told AEC to issue specific uranium fuel-cycle source 
standards. EPA was left with the responsibility of issuing standards for 
limiting the total quantity of radioactive materials entering the general 
environment, while AEC (later, the Nuclear RP.gulatory Commission) 
retained responsibility for developing, implementing, and c:lforcing 
effluent or source standards for individual nuclear facilities. 

in keeping with th£s division of responsibility, the EPA in May i975, 
proposed standards for limiting the total quantity of radioactive materials 
in the general environment arising from the entire uranium fuel cycle (i.e., 
from fuel fabrication, :eactors, transportation of nuclear fuels, and so 
on). !mplementation and enforcement of the standards would be the 
responsibility of the Nuclear Regulatory Commission under this pro­
posed program. 

In this setting, EPA's responsibi!ities for radiation control implicitly 
require the Agency to develop personnel for research and setting of 
generally applicable environmental radiation standards. Additional 
radiation control personnel development may be implicitly required of 
EPA by the Federal Water Pollution Control Act, in which the d•finition 
of "pollutant" includes "radioactive materials." This definition has been 
administratively interpreted to mean oaly those materials not regulated 
by the Nuclear Regulatory Commission. The interpretation was chal­
lenged in Colorado PIRG v. Train (1974), and was recently argued before 
the U.S. Supreme Court. The Court ruled that the current interpretation 
is correct and EPA is not required to regulate nuclear power plants and 
other sources of similar radioactive effluents under the Water Pollution 
Control Act. Should a change occur ~n this situation at some future time, 
there would be a substantially increased need for EPA, state, and 
industrial control personnel. 

SOLID WASTES MANAGEMENT 

EXPRESSLY AUTHORIZED PERSONNEL DEVELOPMENT 

The Resource Recovery Act of 1970, which amended the Solid Waste 
Disposal Act of 1965, expressly provides for federally-supported person­
nel training programs. The EPA Administrator is authorized to support, 
by grant or contract, projects designed to train persons for occupations 
involving the management, operation, or main!enance of solid waste 
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disposal and resource recovery equipment and facilities. Such projects 
may combine training. education, and employment. In addition, EPA is 
authorized to support programs for the training of instructors and 
supervisory personnel to train persons in the occupations involved. 
Grants or contracts may be made to state or interstate agencies, 
municipalities, educational institutions, or any other organization capa­
ble of effectively carrying out such a training project. 

IMPUCITL Y REQUIRED PERSONNEL DEVELOPMENT 

The Resource Recovery Act authorizes the EPA Administrator to make 
three other kinds of grants with personnel development implications: 
research and development grants (Sec. 3253); grants for state, interstate, 
and local planning (Sec. 3254a); and grants for demonstration or 
construction of resource recovery systems (Sec. 3254b). 

Research and development grants are authorized for the purpose of 
promoting investigations, training. demonstrations, and studies relating 
to the environmental effects of solid waste. The EPA Administrator is 
authorized to make grants-in-aid, or to contract with public or private 
agencies, institutions, and individuals for these purposes. 

Planning grants may be made to state, interstate, and intermunicipal 
agencies for the purpose of developing solid waste disposal plans for the 
area under the jurisdiction of the agency receiving the grant. The federal 
grant may not exceed 75 percent of the cost of the planning program and 
activities. Personnel requirements generated by these grants will be on 
interstate, state, or local levels, and will involve engineers, other technical 
personnel, and persons skilled in fields such as land-use planning and 
economics. 

Demonstration and construction grants may also be made on 
interstate, state, and local levels. The agency receiving the grant is to use 
the funds to demonstrate resource recovery systems or to construct new 
or improved solid waste disposal facilities. These grants, in addition to 
requiring state and local personnel to administer them, will generate 
needs for personnel for the construction, operation, and maintenance of 
facilities and systems. 

WATER POLLUTION CONTROL 

EXPRESSLY AUlHORIZED PERSONNEL DEVELOPMENT 

Personnel training and development are expressly provided for by the 
Federal Water PoHution Control Act of 1972 as part of a national 
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program for the reduction and prevention of water pollution. The most 
significant personnel development projects authori7.ed by Section 104 of 
the Act are programs for training personnel to operate and maintain 
waste treatment works. The EPA Administrator is authori7.ed to support 
such training programs by grant or contract with public or private 
agencies, institutions, and individuals and through research fellowships 
for the education or training of personnel. Sections 109 and 111 of the 
Act give the Administrator further authority to support the development 
of personnel to operate wastewater treatment works. Under Section 109, 
grants may be made to institutions of higher education to assist in the 
establishment of projects to prepare undergraduate students for entering 
occupations that involve wastewater treatment works. Section 111 
empowers the Administrator to award scholarships to undergraduates 
who plan to enter such occupations. 

IMPUCITI. Y REQUIRED PERSONNEL DEVELOPMENT 

The Federal Water Pollution Control Act has personnel development 
implications for many sectors of society, as is evident in the structure of 
the statute: Title I, Research and Related Programs, primarily affects 
personnel needs in research and development; Title II, Grants for 
Construction of Treatment Works, will generate the need for personnel at 
state and municipal levels for planning, construction, and operation of 
waste treatment systems; Title III, Standards and Enforcement, has 
personnel implications for EPA and state agencies in setting and 
enforcing standards and for private industry in meeting the standards; 
Title IV, Permits and Licenses, has personnel implications for both public 
agencies and private industry. 

Title I of the Act authorizes the EPA Administrator to make grants for 
furtherance of a comprehensive research program to prevent water 
pollution. The purposes of these grants are many and varied. In general, 
the authori7.ed research and demonstration activities range from pure 
scientific research to major engineering projects, and draw upon the skills 
of natural scientists, ecologists, engineers, economists, planners, and 
interdisciplinary personnel. Similarly, those who may receive Title I 
grants are a varied group of educational and research institutions, public 
agencies, institutions, and governments. 

Grants under Title II have signifieant personnel effects for states and 
municipalities. Section 201(g) authorizes the EPA Administrator to make 
grants to any state, municipality, or intermunicipal or interstate agency 
for the construction of publicly-owned wastewater treatment works 
which meet certain treatment standards promulgated by EPA. This 
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requires EPA personnel to prescribe standards, to review grant applica­
tions, to supervise the use of grant monies, and the like, and it generates 
significant needs for the employment of planning, administrative, 
technical, and construction personnel at state and local levels. Section 
208 gives rise to broad personnel needs because it requires designated 
regional agencies to develop plans for areawide waste treatment 
management, which encompasses the siting of facilities and land-use 
considerations, treatment techniques, water supply and aquifer consider­
ations, and other aspects of large-scale planning on a regional basis. 

Title III of the Act requires point sources of pollution to achieve by 
1977 effluent limitations which require application of the "best practica­
ble control technology," as determined by EPA; and to achieve by 1983 
effluent limitations which require the application of the "best available 
technology economically achievable." This title casts a significant burden 
for trained personnel on EPA and its consultants to develop both eftluent 
limitations and definitions of control technologies for different categories 
of point sources (industrial, agricultural, municipal, and so on). In 
addition, private industry-a source category significantly affected by the 
effluent limitations and control technology requirements-will have to 
commit human resources to achieve and maintain these requirements. 
Title III also contains several other provisions which will require 
personnel in EPA, state governments, and industry. 

Title IV establishes a permit system for discharge of pollutants. The 
program is primarily administered by EPA, unless the state desires to 
administer its own program and gets EPA approval to do so. It requires 
federal or state personnel to set standards, to issue permits, to review 
permit applications, to monitor and inspect discharges, and to enforce 
permit conditions. This program also places personnel burdens on 
potential dischargers who apply for permits; their needs will range 
widely, from mechanical engineers to aquatic ecologists. 

REGULATION OF DRINKING WATER QUALITY 

EXPRESSLY AUTHORIZED PERSONNEL DEVELOPMENT 

The Safe Drinking Water Act expressly provides for training personnel 
needed to meet the public health requirements of providing safe drinking 
water. The EPA Administrator is authorized to make grants to any public 
agency, educational or other institution, in order to: train personnel for 
public health occupations involved in providing safe drinking water; and 
train inspectors and supervisory personnel for public health aspects of 
providing safe drinking water. 
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IMPUCITL Y REQUlllED PERSONNEL DEVELOPMENT 

Implementation of the Safe Drinking Water Act will require development 
of environmental personnel in several sectors. The personnel needed will 
include EPA and state staff to administer, do research, set standards, and 
enforce primary drinking water regulations; EPA and state staff to 
promulgate, administer, and enforce regulations for the protection of 
underground sources of drinking water; research and regulatory person­
nel to establish maximum levels for each contaminant that may have an 
adverse effect on human health; and medical and health personnel to 
conduct research relating to the prevention of water-borne diseases. 

Section 1412 of the Act requires the Administrator, within a relatively 
brief period, to promulgate national interim primary drinking water 
regulations and maximum contaminant levels. Meeting the objectives of 
this section will require research personnel in such fields as public health, 
medicine, and chemistry. 

Sections 1413 through 1416 establish administrative and enforcement 
responsibilities of state and EPA officials. Once the EPA Administrator 
has approved a state plan, the state will have primary responsibility for 
enforcement and supervision of public water supply systems within its 
jurisdiction. Implementation of these sections will result in significant 
demand for EPA administrative and review personnel and for state 
administrative and enforcement personnel. 

Sections 1421 through 1424 establish unique administrative and 
enforcement responsibilities of state and EPA personnel for the regula­
tion of underground water supplies and injections. Implementation of 
these sections will require new enforcement personnel and specialists at 
state and federal levels in groundwater systems. 

Under Section 1442, the Administrator is authorized to conduct 
research, studies, and demonstrations relating to the prevention of 
diseases and other human impairments resulting directly or indirectly 
from contaminants in water, and to the provision of a dependably safe 
supply of drinking water. The required research studies will exert 
significant demand for research and engineering personnel in several 
fields. 

Section 1443 authorizes the EPA Administrator to make grants to 
states to carry out public water system supervision programs and 
underground water source protection programs. Grants authorized under 
this section will require and serve to develop state personnel, as well as 
EPA personnel, to review state applications and to maintain oversight of 
grant programs. 
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Finally, under Section 1444, the EPA Administrator is authorized to 
make grants for two purposes: to assist in the development and 
demonstration (including construction) of any project that will demon­
strate a new or improved method, approach, or technology for providing 
a dependably safe supply of drinking water to the public; and to assist in 
the development and demonstration (including construction) of any 
project that will investigate and demonstrate health implications involved 
in the reclamation, recycling, and reuse of wastewater for drinking 
purposes. and the processes and methods for the preparation of safe and 
acceptable drinking water. Conduct of the grant program under this 
section will require the use of environmental personnel in such fields as 
public health, chemistry, chemical engineering, water resources, and a 
variety of other engineering and health disciplines. 

REGULATION OF OCEAN DUMPING 

EXPRESSLY AUTIIORIZED PERSONNEL DEVELOPMENT 

The Marine Protection, Research, and Sanctuaries Act does not expressly 
provide for EPA development of skilled personnel. 

IMPLICITLY REQUIRED PERSONNEL DEVELOPMENT 

Section 102 of the Act authorizes the Administrator to issue permits for 
dumping pollutants at sea, upon a finding that the dumping will not 
unreasonably endanger human health or the environment. To perform 
this regulatory function, EPA will need personnel to conduct environ­
mental and health research, to establish sites and criteria, and to 
administer its permit program. The industrial sector will need personnel 
for permit application and to comply with permit conditions. 

EPA REVIEW OF 
ENVIRONMENTAL IMPACTS OF ACTIONS (EIA) 
OF OTHER FEDERAL AGENCIES 

EPA's responsibility to review and comment on the environmental effects 
off ederal activities stems from two sources: the National Environmental 
Policy Act of 1969 (NEPA), and Section 309 of the aean Air Act, as 
amended in 1970. 
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EPA ROLE UNDER NEPA 

NEPA Section 102(2)(q requires all federal agencies to prepare a 
detailed environmental impact statement (EIS) on "major federal actions 
significantly affecting the quality of the human environment." The same 
section requires the federal agency preparing an EIS to consult with and 
obtain the comments of any federal agency which has '1urisdiction by 
law or special expertise" on any environmental impact of the proposed 
action. This obligation to comment on the environmental impacts of 
federal actions involves significant personnel responsibilities on the part 
of EPA. 

The responsibilities of the commenting agencies are specified in 
guidelines (40 CFR paragraph 1500 et seq.) issued by the Council on 
Environmental Quality (CEQ) pursuant to its authority under NEPA and 
Executive Order 11514 (1970). The legal force of CEQ guidelines on 
federal agencies is not entirely clear; several courts have maintained that 
the guidelines, while not having the strict force of law, are nevertheless 
entitled to great weight under accepted legal principles. The guidelines 
require each agency preparing an EIS to circulate it in draft form to 
appropriate commenting agencies and to interested members of the 
public. They acknowledge that EPA has '1urisdiction by law or special 
expertise" not only with respect to the areas designated by Reorganaa­
tion Plan No. 3 of 1970 (air and water quality, noise control, solid waste 
disposal, pesticide regulation, radiation standards) but also to many other 
fields. Specifically, the CEQ guidelines call for federal agencies to submit 
to EPA for review and comment any EIS with impacts in these additional 
areas: waterway regulation and stream modification; fish and wildlife; 
toxic materials; food contamination; transportation and handling of 
hazardous materials; development and transmission of electric energy; 
development, extraction, refining, transport, and use of petroleum; 
development, production, transmission, and use of natural gas; develop­
ment, mining, conversion, processing, transport, and use of coal and 
minerals; development, production, management, harvest, transport, and 
use of renewable resources; energy and natural resources conservation; 
land-use changes; planning and regulation ofland development; protec­
tion of environmentally critical areas; land use in coastal areas; 
mitigation of density and congestion; soil and plant conservation and 
hydrology; and outdoor recreation. 

Once a draft EIS is circulated, commenting agencies and members of 
the public are urged to compare the environmental impacts of the 
proposed action with environmental impacts of reasonable alternatives. 
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Comments may recommend modifications in the project or new 
alternatives; they also may indicate the nature of any monitoring of 
environmental effects that should be undertaken. Agencies with special 
expertise on the environmental effects of a proposed action are encour­
aged to assist the sponsoring agency in appropriate environmental 
monitoring. 

EPA ROLE UNDER SECI10N 309 OF THE CLEAN AIR ACT 

Section 309 requires the EPA Administrator to review and comment in 
writing on "any matter relating to his duties and responsibilities" under 
the Oean Air Act and on any other provisions giving EPA authority 
which are contained in federal legislative proposals, any newly-autho­
rized federal construction projects and NEPA-triggering federal actions 
other than construction projects, and administrative regulations pro­
posed by federal agencies. To some degree, Section 309 is merely 
declarative of NEPA's requirement that agencies with jurisdiction by law 
or with special expertise comment on appropriate EIS. But this section 
does broaden the EPA review and comment duties beyond the NEPA 
requirements by specifying three classes of EPA action for which NEPA 
impact statements may not be required: proposed legislation, proposed 
administrative regulations, and newly-authorized federal construction 
which would not be deemed "major Federal actions significantly 
affecting the quality of the human environment." The duty to comment 
on legislative proposals is mentioned in NEPA, but the legislative 
clearance process of the OMB has substantially reduced the commenting 
procedure. Moreover, the category of newly-authorized federal construc­
tion will not expand EPA responsibilities significantly, since nearly all 
such construction involves the preparation of an EIS. 

EPA has adopted guidelines for the implementation of Section 309 
which clarify the commenting procedure. In the review of environmental 
impact statements, EPA will focus its comments on two distinct areas: 
the environmental impact of the proposal, and the adequacy of 
information contained in the EIS. If either of these categories is deemed 
by reviewers to be unsatisfactory, the guidelines require the proposal to 
be reviewed again at the final EIS stage. In most cases, the reviewing and 
commenting are performed at a regional EPA office rather than by EPA 
headquarters staff. 

In June 1973, EPA adopted the practice of examining the Federal 
Register for federal regulations warranting Section 309 comments. 
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However, this procedure was inhibited by limitations of time and 
personnel and by the tendency of federal agencies to publish major 
regulatory schemes a segment at a time. As a result, EPA has requested 
the agencies to send to EPA semiannual lists of environmentally 
significant draft or revised regulations. 

A survey of EPA commenting procedures between December 1972 and 
June 1973 (Healy 1973) showed that EPA implementation of Section 309 
was less than vigorous. While draft impact statements were duly 
reviewed, EPA made no comment at all on proposals that did not trigger 
the EIS requirement by NEPA. Only six administrative regulations were 
reviewed during this period and legislative proposals were completely 
ignored. Of 385 projects warranting a second review at the final EIS stage 
(according to EPA's own guidelines), EPA commented on only 19. This 
deficiency of comment can be partially explained by the fact that many 
agencies neglected to send a final EIS to EPA. The final CEQ guidelines, 
which expressly require that each final EIS be sent to EPA, should reduce 
this problem. 

A development that has increased EPA's commenting role is the 
expansive list of EPA special expertise areas in the CEQ guidelines. It 
appears that these guidelines, which have been in effect since January 
1973, have expanded the EPA commenting role by requiring that more 
draft and final impact statements be sent to EPA for review either µnder 
NEPA or under Section 309. In fact, CEQ often fails to distinguish 
between NEPA and Section 309 comments by requiring EPA to submit 
only a single set of comments that will fulfill the EPA responsibilities 
under both statutes. 

Section 309(b) requires the EPA Administrator, upon finding that any 
legislation, project, or regulation that was reviewed is unsatisfactory from 
the standpoint of environmental protection, to publish his finding and 
refer the matter to CEQ. EPA has implemented this provision by having 
its reviewer at the final EIS stage prepare a comment for publication in 
the Federal Register if the reviewer has reservations about the environ­
mental effects of the proposal. The comment is screened by the EPA 
Administrator and Deputy Administrator and, upon approval of the 
Administrator, is published in the Federal Register and referred to CEQ. 

In summary, both NEPA and Section 309 of the aean Air Act have 
served to place review responsibilities on EPA which extend far beyond 
the pollution control areas designated by Reorganiz.ation Plan No. 3 of 
1970 and subsequent pollution control legislation. The EPA review staff 
must now include specialists in land use, energy, resource conservation, 
and other areas necessitating new personnel needs for EPA. 
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DEVELOPMENT OF 
EPA ENVIR01'·~MENTAL IMPACT STATEMENTS 

In addition to its role in commenting on impact statements pre;.iared by 
other agencies, EPA is required under NEPA to prepare EIS for its own 
"major . . . actions significantly affecting the quality of the huma..'l 
environment." The EIS requirement has been interpreted by U.S. Courts 
of Appeals to apply only to EPA nonregulatory activities and not to its 
regulatory functions. 

EPA has institute<.~ procedures for preparing impact statements for its 
major nonregulatory activities, as specified in 40 CFR Sec. 6 (t975). The 
preparation of such an EIS involves five steps, with all but the first 
performed by EPA personnel: an environment.al assessment must be 
submitted to EPA by its grantees and contractors; EPA reviews the 
environmental assessmeilts it receives to determine \Yhether any sig­
nificant impacts are anticipated, whether adverse environmental impacts 
can be minimized, and whether an EIS is required for the project; when 
environmental review indicates that an EIS is necessary, the "responsiiJ!e 
EPA official" in charge of the project publishes a notice of intent 
describing the action and announcing the preparation of a draft EIS (if 
the environmental review indicates no significant impacts are anticipated, 
this official issues a negative deC:aration describing the project and the 
expected environmental impacts. and no EIS is prepared); EPA prepares 
a draft impact statement and distributes it for comment to CEQ and to 
federal, state, and local agencies with special expertise or jurisdiction by 
law over the project, as well as to interested members of foe public; after 
evaluating comments, EPA prepares and distributes a final EIS. The 
body of each final impact statem·:nt has several sections, the most 
significant of which are a detailet: description of the environmental 
impacts of the project, adverse impacts which cannot be avoided if the 
project is implemented, alternatives to th~ proposed action, and a 
disc1:<Jsion of the objections raised by government agencies and the public 
in the review prOCP.ss. 

The preparation of these impact statements applies to the major 
nonregulatory actions of EPA, including the development of EPA 
legislative proposals, actions under Title II of the Federal Water 
Poliution Control Act (approval of Sec. 208 plans and award of step 2 
and step 3 grants), approval of EPA Office of Research and Development 
projects, and certain programs of the EPA Office of Solid Waste 
Management (demonstration grants and sole-source contract proposals). 

Although there is general agreement that EPA regulatory activitie:i are 
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exempt from NEPA's EIS requirement, EPA has voluntarily decided to 
prepare impact statements for some of its major regulatory actions. The 
Agency has specified that actions taken under the following regulatory 
statutes will be accompanied by the preparation of impact statements: 

• aean Air Act [national ambient air quality standards under Sec. 
109, regulations significantly affecting state implementation plans under 
Sec. 110, standards of performance for new stationary sources under Sec. 
111, emission standards for hazardous air pollutants under Sec. 112, 
motor vehicle emission standards under Sec. 202, and paragraph 21 l(c) 
regulations controlling fuel or fuel additives]; 

• Noise Control Act (noise emission standards under Sec. 6, railroad 
emission standards under Sec. 17, and motor carrier noise emission 
standards under Sec. 18); 

• Federal Insecticide, Fungicide, and Rodenticide Act [cancellation of 
pesticide registrations under Sec. 6(b), and pesticide disposal regulations 
under Sec. 19); 

• Atomic Energy Act (generally applicable radiation standards); and 
• Marine Protection, Research, and Sanctuaries Act [criteria for 

evaluation of permit applications under Sec. 102(a), and designation of 
sites for dumping under Sec. 102(c)). 

The procedure for preparing an EIS for such EPA regulatory actions 
differs from the procedure previously discussed for major nonregulatory 
EPA activities in that the initial environmental assessment of a proposed 
regulatory action is undertaken solely by EPA. The further development 
of the EIS, and the commenting process, follow the same procedures as 
those for all other EPA impact statements. 

EPA staff involved in the Agency's categorical pollution control 
programs are needed for EIS development, which necessitates additional 
staff in these categories. Further, new types of staff specialists are 
necessitated by the EPA responsibility for assessing environmental 
implications beyond those contained in the pollution control categories. 

ADDITIONAL CONSIDERATIONS AND CONCLUSIONS 

The field of environmental law created by statutes, EPA regulations, and 
judicial decisions is complex and dynamic, and personnel requirements in 
terms of skills and numbers are difficult to establish and are subject to 
redefinition by rapidly occurring and unforeseeable developments, such 
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as judicial decisions and the identification of new pollution problems. 
The need to deal with new developments, many of which require urgent 
responses, undoubtedly has been a factor that has kept EPA from 
formulating carefully designed, long-range personnel development pro­
grams. 

To keep this study within practical boundaries, the only statutes that 
have been assessed for their personnel development implications and 
requirements are those which provide EPA with regulatory and review 
functions and related duties for environmental protection. Other stat­
utes--particularly those involving energy, health, housing, urban pro­
grams. and offshore resource development-directly authorize EPA 
activities which require personnel development or they indirectly create 
EPA responsibilities for developing environmental personnel through the 
establishment of new or enlarged or diminished programs in other 
agencies. Statutes promoting environmental education programs for pre­
college students and other members of the general public have also not 
been treated in this report because they are not designed to promote the 
development of personnel necessary to implement federal pollution 
control programs. 

Also excluded from this report is any discussion of interagency 
agreements and their personnel implications, although such agreements 
can result in more efficient environmental programs and uses of federal 
and state personnel. EPA has entered into a number of interagency 
agreements with the Nuclear Regulatory Commission and the Army 
Corps of Engineers for purposes of clarifying responsibilities, formalizing 
use of interagency expertise, and diminishing duplicative efforts. How­
ever, EPA remains responsible for the several pollution control sectors 
discussed earlier, and must therefore maintain its ability to conduct 
independent, quality studies of problems in these sectors. It is particularly 
important that EPA maintain its self-sufficiency when its partner in an 
interagency agreement is a "developer" agency, or an agency with a 
tradition of inadequate concern for environmental and health matters 
when such matters conflict with other agency objectives. Therefore, it is 
doubtful whether interagency agreements do provide or should provide a 
basis for reducing EPA personnel development responsibilities. 

In an assessment of EPA performance, it should be noted that 
Congress, like OMB, is heavily involved. It is clear, following review of 
pertinent statutes, that the availability and development of environmen­
tal personnel do not figure significantly in the legislative history of these 
statutes. Further, the few provisions expressly dealing with personnel 
training and development are broadly and vaguely stated, contain no 
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affirmative agency duties for the development of personnel, and afford no 
basis for enforcement by those seeking to promote EPA conduct of its 
personnel development fonctions. Insufficient Congressional consider­
ation of the personnel development issue has continued, despite various 
studies of EPA pollution control efforts in which the findings repeatedly 
indicate that lack of adequately trained personnel has contributed to the 
Agency's inability to meet various statutory requirements. 

In light of the experience to date, new legislation which would enable 
EPA to deal with two remaining environmental problems of federal 
significance-toxic suhstan~.es control and solid waste management­
may be unwarranted unless Congress gives considerable attention to 
p!!l'Sl'.•:tnel development needs, includes explicit provi:.:ions in the statutes 
for meeting these needs, and follows through with timely funding. If the 
large toxic substances and solid waste regulatory programs thai. have 
:,CCn envisioned fo..: EPA implementation do not contain appropriate 
provisions for personnel development, l:1ey will flounder. The task of 
determining personnel development requirements for these potential 
programs could be delegated to the Congressional Office of Technology 
Ass.!'.iSmem, in order to establish a procedure to ensure that such 
personnel requirements are adequately and systematically considered in 
the enactment and funding oflegislation. 

Finally, it should be noted that the issue of personnel development 
seems to elude the courts. Since the statutory authorizations regarding 
EPA personnel functions are broad, vague, and provide considerr.ble 
Agency discretion, there is little basis for suits by citizens to force 
administrative action. Moreover, in another setting, the matter has come 
before the courts only to be disposed of inadequately. The Clean Air law 
provides EPA with authority to approve the state implementation plan 
(SIP), if the state has provided the "necessary assurances that the State 
will have adequate personnel, funding and authority to carry out such 
implementation plan." Suits challenging EPA approval of Rhode lsl~nd, 
Massachusetts, and New York SIPs ·•·ere brought in the First and Secon<l 
Circuit Courts (Natural Resource~.: Defense Council et al. v. U.S. B11viron­
mental Protection Agency 1973, Friends of the Earth v. Carey 1976). The 
petitioners, in part, claimed that the approved SIPs failed to provide the 
"necessary assurances" concerning the adequacy of state personnel, 
funding, and authority. 

The courts concluded that Congress had left to the Administrator's 
discretion the determination of what assurances are "necessary," and that 
the Administrator, in the promulgation of EPA regulation 40 CFR 
Section 51.20, had realistically concluded that an inventory of state 
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resources constitutes .. the best practical 'assurances' he can obtain." 
Thus, the Administrator may then .. make a reasoned judgement whether, 
in light of the resources shown to exist, and his best estimate of future 
federal and state resources, the necessary assurances requirement has 
been met." The courts reasoned that gubernatorial assurances to obtain 
adequate personnel ano resources (by filing special acts before the state 
legislature, for example) would have little more than symbolic effect, 
"since a governor or even a present session of the lei:islature can:1ot make 
binding commitments on behalf of their successors, nor would such 
representations seem to be enforceable." 

Limitations have been imposed by OMB on EPA in its personnel 
development, and as a result of Congressional unconcern, judicial 
leniency, and other relevant aspects of the legal and federal decision­
making systems. But a large share of the responsibility for ~le situation 
still lies with the Agency. EPA has, by any measure, paid little attention 
to the personnel requirements associated with the large regulatory 
programs it tries to implement. Indeed, the Agency has made itself 
virtually unaccountable on the environmental personnel issue. No short­
or long-range plans or studies of any detail and coherence have been 
made publicly available. The Agency has failed to establish advisory 
committees on personnel development matters, and recently terminated 
the single advisory committee of relevance, the Air Pollution Manpower 
Development Advisory Committee, which it inherited from the Depart­
ment of Health, Education, and Welfare. Despite these unfortunate 
circumstances, personnel development is a critical feature of Agency 
implementation of statutory authority, and Congress must initiate 
necessary reforms or recognize that its legislative initiatives on societal 
pr<?blems will continue to be inadequate. 

PERSONNEL DEVELOPMENT 
RESPONSIBILITIES IMPOSED ON 
EPA BY OTHER INSTITUTIONS 

This section discusses "exogenous" or unanticipated forces resulting from 
developments in other federal agencies and in federal courts which 
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subsequently impose environmental personnel responsibilities on EPA 
Since these EPA duties must be carried out within the scope of applicable 
legislation and funding, the assumption may be made that EPA is not 
required to develop new types of personnel or personnel to meet new 
functions. There are, of course, exceptions to this assumption. Moreover, 
EPA is required to meet new levels of responsibility for the same types of 
personnel and functions discussed in the second section of this Appendix. 

A wide variety of unanticipated forces can be used to illustrate the 
significance of such influences on EPA's role in developing environmen­
tal personnel. This role obviously consists in part of responsiveness to 
new developments outside EPA. For example, judicial decisions constru­
ing legislation may constitute such a force, as in the case of the 
nondeterioration of air quality discussed later in this section. Also, the 
development of major new programs or projects by other federal 
agencies, with approval of Congress, may have similar side etf ects on 
EPA even though the Congress may not concurrently provide EPA with 
new personnel development authority or funds. Examples include the 
Energy Research and Development Administration (ERDA) and Nucle­
ar Regulatory Commission (U.S. NRq, Liquid Metal Fast Breeder 
Reactor Program (LMFBR), and the Department of the Interior program 
for leasing portions of the outer continental shelf for purposes of 
exploration and extraction of fossil fuels. A discussion of the LMFBR 
program with respect to its personnel implications for EPA is presented 
in this section. Other major developments, such as the Alaska Pipeline 
and surface mining for coal in the Great Plains and Rocky Mountain 
regions, might also have been considered. Indeed, it is easy to conclude 
that many .. major" federal actions, as this term has been construed by the 
courts and agencies under NEPA, have personnel implications for EPA, 
as do judicial decisions and many activities in the private sector and at 
state and local levels of government. 

Following are two case studies, which are covered briefly, and a short 
discussion of the issues involved and possible preventative and remedial 
measures. 

FEDERAL AGENCIES: ENERGY RESEARCH AND 
DEVELOPMENT AGENCY (ERDA) AND THE LMFBR CASE 

The Liquid Metal Fast Breeder Reactor (LMFBR) Program demon­
strates bow EPA 's personnel development responsibilities may be expand­
ed by the activities of another agency. The name reveals characteristic 
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features of the reactor: the coolant is a liquid metal (sodium) instead of 
the "light .. water used in conventional U.S. reactors; the neutrons used in 
the chain reaction are not slowed down, as in conventional reactors, but 
remain at a relatively high speed; and, most importantly, the process 
breeds more reactor fuel than it bums and this fuel can be processed and 
used to power another reactor. The ability to produce new fuel is an 
important reason why the AEC studied breeder reactors intensively, and 
subsequently selected the sodium-cooled LMFBR as the highest priority 
type of breeder reactor for research, development, and demonstration. 
The present light water reactor industry, due to its dependence on U-235 
as its sole uranium-based fuel, may encounter difficulties in the 
foreseeable future owing to shortages of "economically" extractable 
uranium reserves. This federal conclusion is supported by a recently 
completed joint study by the Organiz.ation for Economic Cooperation 
and Development and the International Atomic Energy Agency. The 
proposed breeder reactor industry, through its ability to breed plutonium 
239, which will sustain a chain reaction, from presently abundant 
supplies ofU-238, should be able to extend appreciably the availability of 
fuel supplies well into the future. 

At present, the LMFBR program includes three major testing facilities, 
two experimental breeder reactors, and a small LMFBR, with ERDA 
proceeding into the next developmental stage of constructing a full-size 
(1000 megawatt) LMFBR. AEC, acting under order of the U.S. Court of 
Appeals for the District of Columbia Circuit (Scientists' Institute for 
Public Information, Inc. v. Atomic Energy Commission et al. 1973), issued a 
seven volume, proposed final EIS on the entire LMFBR program, 
entitled Proposed Final Environmental Statement: Liquid Metal Fast 
Breeder Reactor Program (U.S. AEC 1974). The programmatic nature of 
this EIS (as compared to the project-oriented EIS developed with regard 
to the application of NEPA to the AEC-now U.S. NRC-licensing 
procedures) was dictated by the Court of Appeals' reasoning that, 

NEPA's objective of controlling the impact of technology on the environment 
cannot be served by all practicable means . . . unless the statute's action-forcing 
impact statement process is applied to ongoing federal agency programs aimed at 
developing new technologies which, when applied, wilf affect the environment. 

In its required review of the EIS on the LMFBR program, EPA has 
already felt the first personnel needs effect of this program. It will have to 
react to subsequent, project-oriented EIS on specific facilities and 
program elements as the program, if it is approved, progresses. When the 
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Nuclear Regulatory Commission licenses the first LMFBR reactors for 
construction and operation, and necessitates many EIS and their review, 
EPA will face new environmental personnel requirements with regard to 
its own staffing, the needs of the nuclear industry, and of relevant state 
government authorities. There are three categories of environmental 
personnel needed to implement the proposed LMFBR program: plan­
ning, base-line and operational monitoring, and radiation control. 

With respect to planning, the most important feature of a LMFl>R is 
that it results in a fuel cycle centered at-.'lut plutonium. It is a well-known 
fact that substantial health hazards are associated with the handling and 
use of plutonium. Consideration must be given to personnel requirements 
for the support of a plutonium fuel cycle such as the r~ruitment of 
security personnel, personnel for in-transit and site-specific radiological 
monitoring, and for various other duties. Industry will be involved 
through its operation of the reactor power plants. The states will be 
responsible for protecting public health and for regulating land Uk:, and 
the federal government will have responsibilities as the regulator of 
nuclear energy and the provider of national support. 

Once a fuel cycle facili•y is buill, emissions must be monitored 
regularly to ensure compliance with relevant standards and to determine 
environmental impact. The Nuclear Regulatory Commission has estab­
lished extensive monitoring system requirements that depend on the 
industry to make measurements and to file periodic reports. Base-line and 
operational personnel requirements for aquatic monitoring, terrestrial 
monitoring, and radiological monitoring have traditionally been borne 
by industry and its consultants, which include both environmental and 
engineering consulting firms and the academic community. 

EPA is required to regulate the thermal discharge from all power plants 
(33 USC 1326). The thermal effects of a LMFBR are expected to 
approximate those of a light water reactor. Accordingly, new types of 
personnel will probably not be needed to regulate thermal effects of such 
plants, and the number of personnel required will depend on the total 
generating capacity of a plant, regardless of whether it uses fossil or 
nuclear fuel. Extensive research has been done on ways to alleviate the 
effects of thermal discharge; application of that research to the licensing 
process for breeder reactors probably will require more environmental 
personnel in both the public and private sectors, with a particular need 
for environmental engineers for thermal design engineering. 

While the use of LMFBR plants will increase EPA's personnel 
development responsibilities, the magnitude of the increase and the 
categories of personnel involved are highly uncertain at present. The 
results will depend not only on other agencies at federal and state levels, 
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but also on court decisions, and are not under EPA's control. A case in 
point is the recent Supreme Court decision in the suit of Colorado PIRG 
v. Train (1974) that the EPA is not required to regulate radioactive 
effluents. The programmatic results of future court actions are one of the 
more significant features of EPA manpower planning which need 
projection. This is so because the factors involved do not depend on 
population growth or some other measurable, reasonably predictable 
variable, but on the essentially unpredictable decisions of the states, 
Congress, the Executive, and the courts. This exerts severe limitations on 
the accuracy of any predictions about personnel requirements. 

JUDICIAL DECISIONS: THE SIGNIFICANT 
DETERIORATION OF AIR QUALITY CASE 

Following the enactment of the 1970 Amendments to the Oean Air Act, 
the EPA Administrator began to perform his mandatory duties under this 
Act. These duties included promulgation of national primary and 
secondary ambient air quality standards and review of the state 
implementation plans (SIPs) designed to achieve those standards. 

The Sierra Cub filed suit against the Administrator on May 24, 1972, 
alleging that he had failed to perform a mandatory duty under the 
legislation by neglecting to require the states to prevent significant 
deterioration of existing clean air areas (areas with pollution levels lower 
or "cleaner" than the secondary standard). The Administrator had 
promulgated a regulation that permitted states to submit plans which 
would allow clean air areas to be degraded, provided the secondary 
standard would not be exceeded. The plaintiffs contended that such 
action was contrary to the intent of the Congress, as stated in the Clean 
Air Act, to "protect and enhance the quality of the Nation's air 
resources .... " The Administrator maintained that he lacked the 
power to compel states to prevent significant deterioration of clean air 
areas. His claim appeared to be well founded because the "protect and 
enhance" language was stated only in the general purposes of the law, 
and was apart from the specific and detailed duties given to the EPA 
Administrator. Nevertheless, the U.S. District Court for the District of 
Columbia Circuit on May 30, 1972 issued a preliminary injunction 
restraining the Administrator from approving those SIPs which would 
permit a "significant" deterioration of presently existing air quality. The 
court's action was affirmed per curiam by the District Court of Appeals 
and affirmed by an equally divided vote of the U.S. Supreme Court 
(Sierra Club v. Rucke/shaus 1973). 

On November 9, 1972, in response to the court action, EPA 
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disapproved all state plans insofar as they failed to provide for prevention 
of significant deterioration of existing air quality. EPA then set about 
drafting regulations, as required by judicial decree, to guide the states in 
preparing new implementation plans which would include provisions to 
prevent significant air quality deterioration (U.S. EPA 1973b). This task 
involved a new commitment of EPA staff and the services of consultants, 
and it involved considerations of land use, population growth and 
migration, and economic development, as well as those of clean air. On 
July 16, 1973, EPA published proposed regulations which set forth four 
alternative plans for preventing significant air quality deterioration. This 
action was followed by widespread public involvement in all aspects of 
the significant deterioration issue. EPA conducted many public hearings 
throughout the country and received nearly 400 oral or written presenta­
tions. many of them highly detailed. In addition, the EPA Administrator 
and his staff consulted with a variety of individuals and groups who have 
special expertise or interest in this issue. The persons who were consulted 
included state officials, representatives oflocal governments, Congressio­
nal staff, members of environmental groups, representatives from 
industry, and officials of other federal agencies. 

On December 5, 1974, EPA promulgated new regulations dealing with 
significant deterioration of air quality (U.S. EPA 1974). These place 
primary implementation responsibility, and corresponding primary 
personnel requirements, on the states rather than on EPA. The regula­
tions provide that areas within states will be designated under three 
classes: aass I areas are those where only a small increment of 
deterioration, as specified by the states, is allowable; Class II areas have a 
larger deterioration increment "compatible with moderate, well-con­
trolled development in a nationwide context .. ; Cass III areas are those 
which are likely to experience rapid and major industrial or commercial 
expansion, and they will be permitted to become more polluted, but only 
up to the secondary ambient air quality standard. 

The states are charged with enforcing the nondeterioration regulations 
by a systematic process of pre-construction review of major emission 
sources and reclassification of designated areas. For the salce of 
convenience, EPA has classified all areas (which generally include several 
counties) as Class II. States may redesignate any area after a public 
hearing is held and the EPA Administrator approves the redesignation. 
The Administrator normally will approve any reclassification unless it 
was done arbitrarily, was based on inaccurate technical data, or was done 
using improper procedures. 

Before any major new or expanded emission source, as listed in EPA 
regulations, can be constructed in aass I or II areas, the state must 
undertake a pre-construction review designed to insure that the deteriora-
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tion increment for that area will not be exceeded by the introduction of 
the source. The state also must determine that the new source is applying 
the "best available control technology (BACI)" for reducing emissions. 
In order to conduct this review, the state may require the source owner to 
supply site information, plans, and specifications showing the design of 
the source; calculations and models of the amounts and subsequent 
dispersion of emissions; and other necessary information. If the introduc­
tion of the new source will cause increment levels to be exceeded, the 
state must either deny permission to construct the source or may 
reclassify the area to a higher classification, again subject to EPA review. 

States are also charged with meeting monitoring requirements through 
an accounting procedure that uses the results of models of individual 
sources rather than by physical measurement of the ambient air. 

As of January 1976, both the Senate Public Works Subcommittee on 
Environmental Pollution and the House Commerce Subcommittee on 
Public Health and Environment had completed work on their respective 
draft amendments to the Clean Air Act, as amended in 1970, and had 
sent the proposed legislation to full committee. Both House and Senate 
drafts include measures to establish certain automatic Class I designated 
regions, including national parks, wilderness areas, wildlife refuges, 
monuments and preserves, and international parks. Under the House 
proposal, designation or redesignation of these regions eould occur only 
after a public hearing and an analysis of the health, environmental, 
economic, social, and energy effects of the proposed action. Although the 
final substance of these amendments is unknown at this writing, there is a 
clear impetus to provide a legislative restructuring of the discretionary 
role EPA took in its promulgation of regulations dealing with significant 
deterioration of air quality. Establishment of mandatory Class I areas, 
and buffer zones of 60-100 miles around them as called for in the draft 
amendments, will result in additional environmental personnel needs. In 
particular, EPA, state environmental regulatory agencies, and private 
industry will require increased numbers of personnel for air pollution 
modeling and monitoring of ambient air quality. 

In summary, the unanticipated court decision on the Sierra Oub suit 
has imposed both new levels and new types of personnel requirements 
upon EPA, state and local agencies, and private industry. Issuance of the 
injunction had primary personnel implications for EPA because a staff 
was needed to formulate the necessary regulations, including the 
development of technical data such as increment levels. After promulga­
tion of the final regulations, the primary personnel requirements have 
become the responsibility of the states as they implement the procedures 
for redesignation of areas and for pre-construction review of new sources. 
Also, EPA has to date made delegations of authority in this area to four 
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states and one state has set standards. Additional personnel burdens will 
fall upon industry and commerce, as staff will be needed for industry to 
comply with the regulations, particularly to supply information and 
modeling results, and to negotiate with Agency officials over pre­
construction review. Finally, in the long term, it appears probable that 
future amendments to the Clean Air legislation with respect to nondeteri­
oration of air quality will result in significantly expanded demands for 
personnel qualified in the field of air pollution monitoring, modeling, and 
prediction. 

CONCLUSIONS FROM CASE STUDIES 

The two case studies reviewed here demonstrate how activities of other 
agencies or institutions impose personnel development responsibilities 
upon EPA. The LMFBR program was chosen as an example of a major 
new program promoted by a sister federal agency, ERDA, which had this 
effect. The magnitude of the increase and the categories of personnel 
involved are still difficult to determine. This uncertainty with respect to 
personnel projection is a fundamental characteristic of all major, large­
scale technologies whose development is supported by other federal 
agencies. 

The case study on nondeterioration of air quality was chosen as an 
example of an unanticipated judicial decision which significantly 
influenced EPA's role in developing environmental personnel, but the 
final level of personnel required in this area is still highly uncertain 
because of the essentially unpredictable outcome of Congressional efforts 
to amend Clean Air legislation. 

Both case studies, although dissimilar with respect to institutional 
context, demonstrate how highly uncertain are the final levels of 
environmental personnel requirements. Yet, there is an important 
distinction to be made between the two cases: one concerns scheduling of 
personnel development. The inherently long lead-times associated with 
implementation of a major, large-scale technology that is still in the 
developmental stage (U~IS years or more, for example, with respect to 
the LMFBR) allow for both the necessary decision malting and the 
orderly development of the required environmental personnel if there is 
sufficient impetus on the part of the Executive Branch and Congress. 

On the other hand, legislative resolution of the significant deterioration 
issue, with potentially significant effects on certain environmental 
personnel sectors, could occur by the end of 1976. The shortness of this 
lead-time almost certainly will result in a significant lag in regulatory 
accomplishment. 

Admittedly, the two case studies are at opposite ends of a spectrum of 
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lead-times. However, the importance of the principle that is involved 
should not be disregarded: the institution of effective, anticipatory 
decision making and allowing significant lead-times can ameliorate the 
predictive uncertainty associated with environmental personnel projec­
tions. 

ENVIRONMENTAL AND SOCIAL 
CONSIDERATIONS PLACING 
OTHER PERSONNEL DEVELOPMENT 
RESPONSIBILITIES ON EPA 

This section discusses three environmental subjects for which Congress 
has not provided EPA with direct, express authority: land use, resource 
conservation, and international cooperation. These areas are considered 
to represent important environmental functions meriting consideration 
by EPA in its role as the nation's primary environmental agency. 
Whereas various legislative enactments applicable to EPA indicate that 
such subjects deserve EPA consideration, existing legislation generally is 
inadequate to provide guidance, program design requirements, enforce­
able authority, or affirmative duties. Nevertheless. these subjects repre­
sent fundamental problem areas which ought to be addressed by the 
nation and for which there is considerable public anticipation of EPA 
action. 

LAND USE 

Environmental legislation that applies to EPA has not provided the 
Agency with express authority and detailed requirements to control 
directly or determine the use of land per se-whether public lands, 
private lands, or submerged lands of the territorial sea and continental 
shelf. However, broad pollution control laws certainly provide EPA with 
authority to regulate the design and performance of various facilities and 
land-related activities (such as the construction of facilities and the 
extraction of minerals), provided that the regulation is confined to the air 
and water pollution and other external characteristics. In general, the 
statutes direct that EPA regulation of such facilities or land-related 
activities be directed at the control of discharges or emissions, and that 
general environmental (ambient) standards are· to be employed as an 
overall framework for source regulation. 
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Within this legislative context. EPA influences land use indirectly by 
imposing conditions or requirements of a technological and operational 
nature on such facilities and activities and thus influencing site selection 
by adding "costs" which are site-specific; and by requiring comprehen­
sive state planning to achieve and maintain air and water quality. As an 
example of EPA influence on siting. consider its thermal discharge 
limitations on nuclear power plants. Once-through cooling may be a 
feasible technological control on thermal effluent from a nuclear power 
plant located on a coast or offshore because of the dilution capacity of the 
receiving ocean waters, but an inland plant may be required to install the 
costlier closed-cycle cooling technology. Thus, siting of such plants and 
subsequent land use and secondary developments are indirectly 
influenced by EPA through application of its thermal discharge limita­
tions. 

Although EPA could, within the existing legislation, translate its 
pollution control requirements for specific facilities into siting criteria 
and regulations, it has chosen, perhaps wisely, not to do so. Such a direct 
approach to land-use control is clearly not contemplated by the statutes 
and could give rise to constitutional issues as to state and local authority 
over land use. 

Another way that EPA influences land use is through state planning 
requirements under several pollution control statutes. Air and water 
pollution control acts give EPA a mandate for guiding the development 
and review of state efforts at environmental planning. including land-use 
features, to the extent that these state efforts are necessary to ensure the 
integrity of ambient air and water quality standards. Congress and the 
courts have recognized that state planning subject to EPA review and 
criteria is a central feature of pollution control programs and that land­
use control elements of such plans are necessary to ensure achievement 
and maintenance of ambient standards. Such plans are now evolving 
under EPA guidance. They may result in programs for siting new 
facilities in designated regions and other land-use controls. There will be 
obvious implications for population growth and the regional economy if 
the plans are sufficiently specific and enforceable. 

Major provisions of the air and water acts and judicial decisions 
relevant to EPA and state land-use planning under such acts are given in 
detail below. 

DIE CLEAN AIR ACT 

Development and application of SIP should contain "such mea­
sures . . . necessary to ensure attainment and maintenance of such 
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primary and secondary standard, including, but not limited to, land-use 
and transportation controls" [Sec. I IO(aX2)(B)]. It should be noted that 
on July 15, 1975, EPA indefinitely suspended the management of parking 
regulations contained in various transportation control plans. Recent 
decisions in the Fourth and Ninth Circuit Courts indicate that, with 
respect to the Clean Air Act, EPA does not have authority to require a 
state, under civil sanctions and penalties, to enforce transportation 
control measures as part of their SIP (Brown v. U.S. Environmental 
Protection Agency 1975; Maryland v. U.S. Environmental Protection 
Agency 1975). The Senate Public Works Subcommittee on Environmental 
Air and Water Pollution and the House Interstate and Foreign 
Commerce Subcommittee on Public Health and Environment have 
completed work on respective draft aean Air Act amendments and have 
sent proposed legislation to full committee. Both House and Senate drafts 
contain provisions that will clarify the EPA land-use planning and 
enforcement role with respect to transportation control plans and indirect 
source review of parking-related facilities. 

The EPA Administrator is required to review all SIPs and to 
disapprove those plans that do not provide adequate measures for 
maintenance of primary and secondary standards (Natural Resources 
Defense Council v. U.S. Environmental Protection Agency 1973a, 1973b). 
On July 3, 1975, EPA indefinitely suspended those portions of indirect 
source regulation covering parking-related facilities. 

The EPA Administrator is required to promulgate regulations to insure 
that air quality higher than that to be achieved by ambient standards will 
not suffer "significant deterioration," as discussed in the third section of 
this Appendix in Sierra Club v. Rucke/shaus (1973). 

FEDERAL WATER POLLUTION CONTROL ACT AMENDMENTS OF 1972 

Development of areawide waste treatment management plans by 
designated regional agencies should include explicit provisions for 
control of significant nonpoint source pollution resulting from agricul­
ture, silviculture, and other land uses (Sec. 208 of the Federal Water 
Pollution Control Amendments of 1972). Development of Phase II plans 
with respect to the statewide continuing planning process should include 
explicit provisions for the control of significant nonpoint source pollution 
[Sec. 303(e)]. 

It is clear that EPA, however tentatively it chooses to approach the 
issue of land-use control, exercises considerable influence on growth and 
other socioeconomic aspects of land use. It also should be noted that the 
Agency has recognized its considerable and growing influence on land­
use decision making in establishing its new land-use office. In light of its 
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influence, EPA has growing responsibility to develop internal staffing in 
order to understand fully the land-use impacts of its regulations and other 
actions, and to provide sound guidance for, and rigorous review over, the 
plans required of state and other levels of government by the air and 
water laws. But while EPA will need several land-use and other planners, 
applied economists, and other social scientists, more substantial person­
nel requirements will exist at the state level as a result of the requirements 
imposed on states. 

RESOURCE CONSERVATION 

The Oean Air Act, as amended in 1970, and the Federal Water Pollution 
Control Act Amendments of 1972 (FWPCA) give EPA express or implied 
authority to promote air and water resource conservation. 

The Clean Air Act states that it is the intent of the Congress to "protect 
and enhance the quality of the Nation's air resources ... . "Sierra Club 
v. Ruckelshaus (1973) initiated an EPA regulatory process dealing with 
the prevention of significant deterioration. The extent to which the 
promulgated regulations will actually promote resource conservation of 
relatively pure air is yet to be determined. 

The stated objective of FWPCA is to restore and maintain the 
chemical, physical, and biological integrity of the nation's waters (Sec. 
IOl(a)]. To achieve this and other objectives, FWPCA provides that the 
water quality standards established shall be appropriate to protect the 
public health or welfare, enhance the quality of water, and serve the 
purposes of this Act (Sec. 303(a)(b)]. EPA has adopted the following as 
general policy: 

Water quality standards should be designed to "enhance the quality of the water." 
In no case will standards providing for less than existing water quality be 
acceptable except those satisfying the approved antidegradation provision. 

On February 6, 1973, the EPA Administrator's Decision Statement No. 
S on Subsurface Emplacement of Fluids by Well Injection (U.S. EPA 
I 973a) stated that, 

EPA will oppose emplacement of materials by subsurface injection without strict 
controls and a clear demonstration that such emplacement will not interfere with 
present or potential use of the subsurface environment, contaminate ground 
water resources or otherwise damage the environment. 

Similarly, on March 20, 1973, EPA issued a Statement of Policy on the 
Protection of the Nation's Wetlands (U.S. EPA 1973c), which stated that, 

In its decision processes, it shall be the Agency's policy to give particular 
cognizance and consideration to any proposal that has the potential to damage 
wetlands, to recognize the irreplaceable value and man's dependence on them, to 
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maintain an environment acceptable to society, and to preserve and protect them 
from damaging misuses. 

EPA also indirectly promotes water conservation in its establishment 
of point source categories under Sections 301 and 304 of the 1972 
FWPCA amendments. For example, on May 20, 1975, EPA promulgated 
efftuent limitations and guidelines for the petroleum refining point source 
category (U.S. EPA 1975). EPA based i~ BAT (best availabl:- technolo­
gy) and DPT (best practicable technology) (1983 and New Source) 
limitations on the fiow bases of refineries "employing good water 
conservation practices." Although the flow base used is not a flow 
limitation (that is, a refinery can meet the pollutant allocations allc.wed 
by the regulations with a higher base ftow if its efftuent concentrations are 
lower than those used by EPA), the overall thrust of the regulations, when 
established in this manner, is to push for the employment of good water 
conservation practices. 

Further, EPA is using research and development contracts and cost­
sharing grants with industry to develop in-process technologies (as 
compared to traditional add-on devices for pollution control) which, in 
addition to reducing effluent discharges, may also conserve or even 
eliminate water consumption, recycle process or waste materials, or result 
in improved energy conservation. Examples of these industrial process 
developments include: fluidized-bed coal consumption; development of a 
new, dry caustic peeling process in the fruit and vegetable processing 
industry; and the substitution of chemical rinse for water rinse in the 
electroplating industry. 

EPA's policies have significant personnel development implications 
with respect to EPA funding of new industrial process developments 
oriented toward resource conservation. Approximately $60 million has 
been allocated in federal cost-sharing grants under an EPA R&D 
program authorized by the FWPCA Amendments of 1972 to demon­
strate technology for eliminating water pollution in every major process­
ing industry. These personnel development implications extend to 
numerous categories of point sources, as well as to firms and academic 
institutions needed to conduct research for EPA on point sources. 

INTERNATIONAL COOPERATION 

EPA's role in international environmental activities primarily consists of 
organizing and coordinating bilateral agreements between the United 
States and other nations, arranging agency-to-agency programs with 
counterparts in other nations, and participating in visits and exchanges of 
information between nations. These activities are directed by the EPA 
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Office of International Activities, established in 1972 and consisting of 
four divisions: multilateral activities, bilateral activities, international 
technology, and information and visitor exchange. 

The multilateral activities division directs EPA's liaison with interna­
tional and multilateral organizations such as the United Nations, the 
Organization of Economic Cooperation and Development, the Inter­
Govemmental Maritime Consultative Organization, and the North 
Atlantic Treaty Organization. For example, EPA is participating in the 
United Nations Environment Program (UNEP), whose goals are to 
coordinate the environmental activities of UN specialized agencies and to 
create action plans for global environmental protection. UNEP's 
governing council first met in June 1973 and approved several projects, in 
some of which EPA is a participating member. EPA also maintains a 
liaison with the World Health Organization, whose International 
Reference Center is located at EPA's National Environmental Research 
Center at Research Triangle Park, North Carolina. 

The bilateral activities division directs EPA participation in negotiat­
ing agreements with foreign organizations and in implementing bilateral 
environmental agreements. Often, EPA is the lead agency for environ­
mental bilateral agreements, such as the Agreement Between the United 
States and the U .S.S.R. on Coordination in the Field of Environmental 
Protection (1972). Pursuant to this agreement, EPA arranged for the 
exchange of visits and information by working groups from the U.S. and 
U.S.S.R. on the subjects of reducing emissions from transportation 
sources, water pollution abatement techniques, and health effects of 
radioactivity and heavy metals. Bilateral agreements for environmental 
protection have also been negotiated with France and Germany. 
Informal exchanges of information, which usually consist of exchanges 
between the EPA Administrator and his counterparts in the other 
nations, are conducted with the United Kingdom, Argentina, Brazil, and 
Mexico. 

In addition, the governments of the United States and Canada entered 
into the Great Lakes Water Quality Agreement on April 15, 1972, which 
authorized the establishment of a Great Lakes Quality Board to assist 
and advise the International Joint Commission, United States and 
Canada (Great Lakes Water Quality Agreement 1972). The United States 
also has reached water quality control agreements with Mexico under the 
auspices of the International Boundary and Water Commission, United 
States and Mexico. 

The international technology division of the EPA Office of Internation­
al Activities promotes the exchange of technical information and the 
implementation of environmental control technology. The division has 
developed a foreign currency program to use foreign expertise as an aid 
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to EPA domestic activities. It also works in conjunction with the National 
Science Foundation and the Departments of Commerce and State in 
assessing the ability of U.S. industry to compete in international markets. 
The division advises industry on the implications of environmental 
regulations on international trade, and analyzes foreign programs with 
respect to pollution control. 

The information and visitor exchange of the EPA Office of Internation­
al Activities arranges for the exchange of information and visits of 
individuals active in the field of environmental protection. In addition, 
the division promotes the training of foreign personnel in EPA facilities. 

The quantitative personnel implications of these EPA responsibilities 
for international cooperation depend on these factors: the extent to 
which this cooperation is pursued by the Executive and other federal 
departments or agencies primarily involved in international affairs for 
national purposes, which frequently are not based on environmental 
quality; and the extent to which it becomes apparent that national efforts 
to control pollution of certain types (such as oil spills, long-range 
transport of atmospheric contaminants, and global stratospheric ozone 
destruction) is futile without enforceable international agreements. At 
present, probably the most significant international agreement with 
environmental personnel implications is the Great Lalces Water Quality 
Agreement between the United States and Canada. This document 
requests the International Joint Commission to undertake two major 
water quality investigations, one to evaluate the quality of Lalces Superior 
and Huron and to make recommendations for pollution prevention and 
control, and the other to determine the extent to which pollution in the 
Great Lakes can be attributed to agriculture, silviculture, and other land 
uses, and to make recommendations for prevention and control of this 
pollution. 

The International Joint Commission has designated the Great Lalces 
Water Quality Board to conduct the investigations. United States 
participants include EPA, other federal agencies, the eight Great Lalces 
states, and several universities. EPA funding for FY 1974 in support of 
the Water Quality Agreement included $2. l million for the Upper Lalces 
investigation, and $2.3 million for the land-use water quality study. In 
addition, demonstration project funding for the Great Lalces area, 
authorized under Section 108 of the Federal Water Pollution Control 
Act, amounted to $2.7 million in support of the Water Quality 
Agreement. Expenditures in FY 1974 for this purpose were agreed to by 
OMB, which authorized release of$3.5 million in May 1974 for pollution 
control in the Great Lalces. EPA's proposed budget for FY 1975 included 
$6 million for Great Lalces activities for support of the Water Quality 
Agreement.· 
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Qualitative personnel implications of the: international agreements are 
not thought to differ from those of purely domestic pollution control 
problems because the broad. analytical features of the problems do not 
differ simply on the basis of national origin or t~.e international waters 
involved. However, it should be noted that certain new types of personnel 
needs may arise from other international activities, such as deep-ocean 
mining, with its unique environmental effects. Types and quantities of 
personnel required under international agreements will be determined by 
a variety of political, economic, and social circumsumces that transcend 
traditional Agency criteria for decision making. 

NONDISCP.IMINATORY REQUIREMENTS 

Training and employment programs of the public and private sectors are 
subject to national requirements designed to correct the effect.s of past 
racial and sex discrimination. This chapter reviews relevant statutes and 
executive orders, and EPA policy and operations, with respect to 
minorities and women, but does not analyze relevant developments in 
constitutional law and judicial decision making which are of generic 
applicability to all federal agencies and contractors. 

RELATED STATUTES AND EXECUTIVE ORDERS 

The controlling statute with respect to discrimination in training and 
employment is the Civil Rights Act of 1964. The Act contains provisions 
dealing with discrimination by the recipients of federal funds in a 
program or activity assisted by the federal government (Title VI, Sec. 
601); and with discrimination in employment [Title VII, Sec. 703(a)], and 
training [Title VII, Sec. 703( d)). 

There has been little litigation under Title VI on the subject of training; 
therefore, this analysis is based upon Title VII provisions relating to 
employment. Because considerations and problems in training are not 
necessarily the same as those in employment, and because Title VI is 
controlling with respect to EPA-funded. external training programs, it 
should be noted that the analogy between the Title VII employment 
provisions and training under Title VI should not be overextended. The 
relevant sections of the Civil Rights Act, as amended by the Equal 
Employment Opportunity Act of 1972, are: 
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Title VI: NONDISCRIMINATION IN FEDERAi.i. Y AMISTED PROGRAMS 

Sec. 601. :•o person in the United States shall, on the ground of race, color, or 
national origin, be excluded from participation in, be denied the benefits of, or be 
subjected to discrimination under any program or a.·tivity receiving Federal 
financial assistance. 

Title VII: DISCRIMINATION :JECAUSE OF RACE, COLOR, REUOICN, SEX, OR NATIONAL 
ORIGIN 

Sec. 703. (a) It shall be an unlawful employment practice for an employer-
(1) to fail or refuse to hire or to discharge any individual, or otherwise to 

discriminate against any individual with respect to his compensation, terms, 
conditions, or privileges to employment. because of such individual's race, color, 
religion, sex, or national origin; or 

(2) to limit. segregate, or classify his employees or applicants for employment in 
any way which would deprive or tend to deprive any individual of employment 
opportunities or other-.vise adversely affect his statl~s as an employee, because of 
such individuars race, color, religion, sex, or national origin. 

(d) It shall be an unlawful employment practice for any employer, labor 
organization, or joint labor-management committee controlling apprenticeship or 
other training o: retraining, including on-the-job training programs, to discrimi­
nate against any i:tdividual because of his race, color, religion, sex, or national 
origin in admission to, or employment in, any program established to provide 
apprenticeship or other training. 

In addition to the Civil Rights Act, Executive Orders 11246 (1965) and 
11478 (1969) govern EPA policy with respect to the development and 
employment of minority and female personnel. 

Executive Order 11246, signed September 24, 1965 (as amended by 
Executive OrGer 11375, signed October 13, 1967) prohibits employment 
discrimination by federally-funded contractors and subcontractors with 
respect to color, religion, sex, and natio:ial origin. The Executive Order is 
administered and enforced by the Office of Federal Contract Com:-'liance 
(OFCC), U.S. Department of Labor. The Director of the OFCC has also 
been delegated authority for coordinating with the Equal Employment 
Opportunity Commission and the Department of Justice on i:.sues related 
to Title VII of the Civil Rights Act. 

Although the OFCC has overall responsiblity for ensu~ing nondiscri­
mination by federal contractors, each federal contracting office and 
agency has the prin!.lry responsibility for securing compliance on its own 
contracts. In certain cases, a federal agency may be designated as being 
responsible for compliance by ali federal contractors in a given industry 
or a geographical area. Regulations promulgated by the Secretary of 
Labor state that each federal agency must require every contractor or 
subcontractor with 50 or more employees and a contract or subcontract 
of $50,000 or more to develop a written affirmative action compliance 
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program for each of its establishments as a condition for obtaining such 
contract. The guidelines to be used by nonconstruction contractors in 
developing affirmative action programs are subject to the equal employ­
ment opportunity requirements of 41 CFR 60-1.40 and 41 CFR 60-2 
(Revised Order No. 4). 

Federal contracting agencies are required to conduct various types of 
compliance reviews to determine if their contractors and subcontractors 
are maintaining nondiscriminatory hiring and employment practices and 
are taking affirmative action steps to ensure compliance with the equal 
opportunity clause of Executive Order 11246. The compliance review 
consists of a comprehensive analysis and evaluation of each aspect of the 
contractor's employment practices and policies. Standardized contractor 
evaluation procedures for all agencies were promulgated by the Secretary 
of Labor on July 12. 1974, as 41 CFR 60-60 (Revised Order No. 14). This 
established a three-step process for the conduct of a compliance review: a 
desk audit, an on-site analysis, and, where necessary, an off-site analysis. 

Discrimination against federal employees and job applicants to federal 
agencies because of race, color, religion, sex, or national origin is 
prohibited by Executive Order 11478, signed August 8, 1969. The broad 
policy statement of the Executive Order provides: 

Section I. It is the policy of the Government of the United States to provide equal 
opportunity in Federal employment for all persons, to prohibit discrimination in 
employment because of race, color, religion. sex. or national origin, and to 
promote the full realization of equal employment opportunity through a 
continuing affirmative program in each executive department and agency. This 
policy of equal opportunity applies to and must be an intesral part of every aspect 
of personnel policy and practice in the employment. development. advancement. 
and treatment of civilian employees of the Federal Government. 

Section 2 requires that the head of each executive department and 
agency establish and maintain an affirmative program of equal employ­
ment opportunity for all civilian employees and applicants for employ­
ment within his or her jurisdiction. 

Sections 3, 4, and S assign to the Civil Service Commission overall 
leadership and guidance in the review and evaluation of agency program 
operations, consideration of complaints, and the issuance of regulations, 
orders, and instructions deemed necessary and appropriate to carry out 
the Executive Order. 

EPA ORGANIZATIONAL POLICY AND OPERATIONS 

Equal employment opportunity efforts within EPA are in two general 
categories: (l) actions to ensure that contractors receiving EPA grant 
monies pursue affirmative action principles in recruitment, employment, 
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and promotion procedures; and (2) actions to ensure that each compo­
nent of EPA adopts plans and programs to ensure equal employment 
opportunities within the Agency. Prior to September 1974, the EPA locus 
for both policy and operations with respect to these two categories was 
the Office of Civil Rights and Urban Affairs (OCRUA). 

In September 1974, the EPA equal employment opportunity program 
underwent extensive reorganization. The characteristics of the reorgani­
i.ation were as follows: 

• in-agency EEO compliance activities and staff were transferred to 
the Personnel Management Division; 

• EEO aspects of EPA's Women's Program were transferred to the 
Personnel Management Division; 

• the public affairs aspects of the Women's Program were transferred 
to the Office of Public Affairs; 

• EEO contract compliance activities and staff were transferred to the 
Grants Administration Division; 

• the Minority Business Enterprise Program under the Urban Affairs 
staff was transferred to the Contracts Management Division; 

• the Office of Civil Rights and Urban Aff'airs was relegated to serving 
an overview and advocacy function, along with the processing of EEO 
complaints; and 

• all other activities of the Urban Affairs staff were transferred to the 
Land Use Office. 

The effective result of the reorganization was to disperse EEO program 
responsibility and coordination among several organizational divisions. 
The 1974 reorganization was modified by a January 1976 Memorandum 
of Understanding, which agreed to a shift of responsibility for affirmative 
action plan development back to the EPA Office of Civil Rights from the 
Personnel Management Division. 

An internal study of EEO activities in EPA entitled, ••A Study of Equal 
Employment Opportunity Program Responsibilities in the EPA," was 
conducted in early 1976 by the Management and Organi7.ation Division, 
Office of Administration of the Office of the EPA Assistant Administrator 
for Planning and Management. The study found that the reorganization 
had resulted in inordinate confusion due to conflicting staff directives and 
to the separation of the Compliance Division Director in the Office of 
Civil Rights from the rest of the compliance staff in the Grants 
Administration Division. In addition, the study found that several EPA 
regional civil rights directors perceived the reorganization as a .. conspicu­
ous downgrading of EPA's commitment to EEO goals and efforts" and ••a 
diminishing of the emphasis on contract compliance." 
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In order to eliminate this dual policy condition, the study proposed 
three organizational alternatives. One was to return the contract 
compliance function and staff to the Office of Civil Rights, with the 
Director of the Office of Civil Rights remaining the Agency Contract 
Compliance Officer. The study also recommended that OCR be the focal 
point for Women's Program matters. 

In addition, the internal study included an examination ofrc-;ional and 
laboratory EEO program responsibilities. The study found that in eight 
out of ten EPA regions, external contract compliance functions are 
placed in the Office of qvil Rights. Most regions divide internal EEC 
responsibility . so that the regional OCR has responsibility for the 
W.,men's and Spanish-speaking programs, the Affirmative Action Plan, 
and discrimination complaints, while the Management Division-Person­
nel Branch handles the Upward Mobility Program, training, and the 
recruitment of minorities. In general, the Regio:.ai Civil Rights Office has 
a policy overview and monitoring role, while the Personnel Branch is 
assigned implementation and day-to-day operations responsibility. With 
r~pect to EPA laboratory EEO responsibilities, the study found that 
present EEO program responsibility within facilities at the National 
Environmental Research Center at Research Triangle Park, North 
Carolina, and the Cincinnati Laboratory facilities lies within their 
respective Offices of Administration. The internal st.'Jdy recommended 
that EEO reporting relationships in the Research Triangle Park and 
Cincinnati facilitir.~ be transferred to the national EPA Office of Civil 
Rights, and that a full-time, independent EEO Officer be established at 
EPA's Las Vegas Laboratory facilities. 

In summary, the internal EPA study recommended a broad revision of 
existing EEO program responsibility in order to improve the efficacy and 
accountability of regional and national EPA affirmative action efforts. 
Overali, the recommended measures include: 

• organiz.ational restructuring; 
• redefinition of lines of authority; 
• revision of position descriptions; and 
• revision of relevant directiv~s. 

SIGNIFICANT EEO PROBLEMS RELATED TO 
EPA DEVELOPMENT OF ENVIRONMENTAL PERSONNEL 

The environmental personnel market is characterized by the training and 
employmen~ of diverse groups in small, segmented fields. Therefore, the 
extent and efficacy of EEO-related activities in EPA for the development 
of personnel will vary according to the special attributes which each field 
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possesses. An especially critical area with respect to personnel devel~ 
ment is in the physical sciences (e.g., air pollution meteorology, sanitary 
engineering, and so on), where the skills availability of women and 
minorities is low. The importance of personnel development in the 
physical sciences is emphasized by the broad air and water pollution 
control programs mandated by the aean Air Amendments and the 1972 
Federal Water Pollution Control Act Amendments. 

EPA personnel training activities in the physical sciences fall into four 
major categories: 

• short-term technical training programs designed to assist in upgrad­
ing the qualifications of present employees of federal, state, and local 
agencies; 

• graduate educational opportunities to increase the number of 
personnel qualified and available for employment in control agencies; 

• assistance to states in personnel development; and 
• career development for environmental personnel employed by 

federal agencies. 

With respect to highly-skilled personnel development in the air and 
water pollution areas, the major EPA activity has been focused on the use 
of professional training grant programs in water pollution control and in 
air pollution control. Federal support of these grant programs is now 
being phased out and early termination is expected. The termination of 
this funding will not only reduce the number of adequately skilled 
professional trainees in these two environmentally-critical areas, but it 
will have a significant impact on the EEO efforts of EPA in these fields. 
Reductions in the availability of traineeships and fellowships will have a 
decidedly detrimental impact on individuals from minority groups, since 
it is only through financial support of this nature that many of them 
would acquire the opportunity to become qualified for highly-skilled 
professions in the environmental field. In addition, with the withdrawal of 
major financial support for study at the graduate level, individuals from 
minority groups will lack the necessary expertise to qualify for positio~ 
ofleadership in research organi7.ations and educational institutions. 

Other training and personnel development programs in the environ­
mental field (e.g., short-term technical training programs contracted out 
to private consulting firms) will fall within the purview ofEPA's contract 
compliance and grants-in-aid EEO programs. The extent to which such 
programs result in increased employment opportunities for minorities 
and women will be a direct function of EPA's policy commitment to 
equal employment opportunity, and the translation of that commitment 
to effective operations on both national and regional levels. 
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SUMMARY 

EPA's equal employment opportunity efforts are guided by the Civil 
Rights Act of 1964, Executive Order 11246 (1965), and Executive Order 
11478 (1969). EEO efforts within EPA divide into two general categories: 
actions to ensure that contractors receiving EPA grant monies pursue 
affirmative action principles in recruitment, employment, and promotion 
procedures; and actions to ensure that each organizational component of 
EPA adopts plans and programs to ensure equal employment opportuni­
ties within the agency. EPA's national EEO program responsibility and 
coordination is presently dispersed among several segmented, organiza­
tional divisions, with a resultant lack of effective policy and operations 
overview. Proposed alternatives to the existing EEO organizational 
structure are being evaluated at the national headquarters level. With 
respect to personnel development in the environmentally-critical areas of 
air pollution and water pollution control, the present phaseout and 
termination of EPA's professional training grant programs could 
seriously undermine equal employment opportunity efforts for the 
development of highly skilled, minority professionals in these two areas. 

CONCLUSIONS AND RECOMMENDATIONS 

I. The Office of Management and Budget (OMB) plays a critical role 
in the formulation and implementation of EPA programs, since Congress 
has provided EPA with considerable discretion on personnel develop­
ment matters. 

• The OM B role must be closely evaluated by Congress, and OM B should 
articulate its criteria and procedures applicable to EPA 's personnel 
development proposals to ensure OM Band EPA accountability to the public. 

2. Congress has provided detailed statutory requirements for most 
aspects of EPA pollution control and other environmental programs, but 
has failed to provide sufficient direction to EPA on personnel develop­
ment matters. Typically, federal legislation on EPA's extensive environ­
mental programs is either silent, vague, or too general on personnel 
development aspects. 
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• Congress should amend such legislation to ensure that EPA will pursue 
vigorous personnel de'lelopment policies as an affirmative duty, as such 
personnel are determined to be essential to the achievement of the 
environmental objectives of the statutes. 

3. In enacting future legislation imposing new responsibilities for 
environmental quality on EPA, such as expected legislation on toxic 
substances and waste management, there will be a need for appropriately 
explicit provisions in such statutes which impose affirmative duties on 
EPA for personnel development and which provide a basis for judicial 
review of EPA performance. 

• Congress should seek the assistance of its General Accounting Office 
and Office of Technology Assessment in determining the nature and 
dimensions of such personnel needs and statutory requirements. 

4. Judicial decisions and developing programs in other agencies can be 
expected to impose new environmental responsibilities on EPA. 

• EPA should determine the types and numbers of environmental 
personnel required to implement such decisions and programs, interagency 
and intergOW!rnmental and private sector responsibilities for such personnel, 
funding and training elements of personnel de'lelopment, and should report on 
such findings to Congress and the public. 

S. EPA is authorized to review and approve various state pollution 
control programs under several statutes, and, following approval, to 
delegate key functions to such states. EPA has accepted many state 
programs without adequately assessing current and future levels of 
manpower available to those states or state commitments to deploy 
adequate manpower. 

• Since the courts have accepted EPA decisions premised on vague 
assurances from the states, the Agency needs to make every effort to impro'lt! 
its review of the manpower features of such state programs and to employ its 
manpower findings as criteria in its review of state programs. 

6. The personnel development issue is one which has been inadequate­
ly considered by Congress, inadequately prescribed in legislation, subject 
to fund-limiting criteria applied by OMB, treated as a low-priority issue 
by EPA, and barely susceptible of recognition in proceedings seeking 
court action. 

• Since personnel de'lelopment is a critical feature for Agency implemen­
tation of statutory authority, Congress and EPA ought to initiate necessary 
reforms and recognize that legislated initiatives dependent upon manpower be 
adequately implemented. 
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AIR POLLUTION CONTROL 
(42 USC § 1857 et seq.-Clean Air Amendments of 1970) 

Personnel Development Authorized by the Statute 

In this section, the pro11isions of the Clean Air A ct which explicitly authorize personnel development fll'e listed and 
excerpted, along with a discussion of the mandatory or discretionary nature of the pro11ision. 

Citation 
(cited as 
sections of 
PL 91-604) 

§ 103 (a) 

(b) 

Summary of Statute 

The Administrator shall establillh a 
national research and development 
program for the prevention and con­
trol of air pollution ... 

In carrying out the provisions of the 
preceding sublection, the Adminis­
trator is authorized to-

(3) make grants to air pollution con­
trol agencies, to other public or 
nonprofit private agencies, institu­
tions, and organizations, and to 
individuals, for purpo1es stated in 
sub1ection (a) (1) 

(4) contract with public or private 
agencies, institutions, and organi­
zations, and with individuals ... 

(5) provide training for, and make 
training grantl to, personnel of 
air pollution control agencies and 
other persons with suitable 
qualifications. 

Type of Personnel 
Implication 

Research, training 
and education. 

Man~ory /Discretionary 

Mandatory in that EPA llhall 
eatablillh a national re1earch 
program, but discretionary u 
to the extent of grants, 
contracts, and fellowships to 
be provided. Discretionary u 
to the type of re1earch under­
taken and by whom performed. 

Other 

~ 
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§ 103 (c) 
(continued) 

(6) establllh and maintain re11euch 
fellowships in the Environmental 
Protection Agency and at pubUc 
or nonprofit private educ:ational 

lnstitutio111 or reseuch organlza· 

tion1 .•• 

... the Admlnistntor shall conduct 
research on, and survey the results of 
other scientific studies on, the hum· 
ful effects on the health or welfare of 
persons by the vuiou1 known air 
pollutants. 

(d) The Administrator is authorized to 
construct such facilities and staff and 
equip them as he determines to be 
necessary to carry out his functions 
under this Act. 

§ 104 (a) The Administrator shall give special 
emphasis to re1earch and develop­
ment into new and improved methods 
for the prevention of air pollution re· 
suiting from the combustion of fuels. 
ln furtherance of this re1euch and 
development program, the Adminis­
trator shall-

(1) conduct re1euch programs for the 
development of combustion by­
products, control of emissions of 
fuels, etc. 

(2) provide for Federal grants to 
agencies and institutions and con· 
tracts with agencies, etc., for 

Reseuch and technical 
analysis. 

The grants made pursuant to 
Section 104 will lead to re· 
cruitrnent of reseuch and 
development personnel, both 
in-house and outllide of EPA. 

This 1ection ties into Title II 
of the Act, which deals with 
control of pollution from 
moving sources (chiefly the 
automobile). 

(See comment above) 

Discretion granted to the 
Administrator to decide how 
much and what kind of 
re1earch to support. 

.... 
~ 
"'I 
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Citation 

(b) 

Summary of Statute 

(A) acquiring new devices or 
methods for controlling 
discharges; 

(B) developing low emiaion 
alternatives to the internal 
combustion engine; 

(C) purchasing vehicles and 
engines for testing and 
re1earch. 

Aa part of this re1eardl program, the 
Administrator may-

(3) establish and operate necessary 
facilities and test sites at which 
to carry on the research, testing, 
and development. 

Type of Personnel 
Implication 

Re1earch, testing and 
development. 

§ 105 (a)(l)(A) The Administrator may make grants Planning and development. 
to air pollution control qencies in 
an amount up to two-thirds the coat 
of planning, developing, ... Improving, 
and up to one-half the coat of main-
taining programs for the ... control 
of air pollution or Implementation of 
national primary and 1econdary ... 
standards. 

(c) Not more than 10 per cent of the 
total of funds appropriated ... for 
purposes of sublection (a) ... lhall be 
granted for air pollution control 
programs in any one state . .. 

Mandatory /Discretionary 

Discretionary in languqe. 
EPA may make grants ... , 
but in practice EPA establishes 
regulations for eligibility of 
states for the funding. 

Other 
~ 
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§210 The Administrator ii authorized to Inspection and testing. 
make grants to appropriate state 
qencie1 in an amount up to two-
thirds or the COit or dHeloping and 
maintaining effective vehicle emiuion 
devices and systems inspection, and 
emiuion testing and control 
programs •.• 

Discretionary, cxllCpt that the 
Administrator can make no 
grants under this section 
unless the Secretary of Trans­
portation certifies that the 
state program is consistent 
with any highway safety pro­
gram developed pursuant to 
23 USC §402. 

;:;; 
'O 
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Personnel Development Implicitly Required by the Statute 

This section analyzes the personnel implications of the Clean Air Act for the EPA itself, as well as for state air 
pollution control agencies and for private industry. No attempt has been made to specify the degree of personnel 
required in each case. Only those provisions of the Act which lunie a significant effect with respect to public or 
private personnel requirements are included herein. 

Citation 
(cited as 
sections of 
PL 91-604) 

§108 

§109 

Summary of Statute 

The EPA Administrator shall publilh 
a tilt of air pollutants and iuue air 
quality criteria for each pollutant. The 
list, originally drawn up in 1971, shall 
be reviled by the Administrator from 
time to time. The air quality criteria 
are also reviewed and reviled by the 
Administrator. The criteria must 
"reflect the latest scientific knowl­
edge" of the effects of the pollutant 
on public health and welfare. 

The Administrator shall publish 
national primary and 1econdary 
ambient air quality standards for all 
air pollutants for which air quality 
criteria are iuued. The primary stand­
ards are, in the Adminisuator's judg­
ment, "requisite to protect the public 
health," while 1econdary standards 
are designed to protect the public 
welfare (elsewhere defined in the Act 
to inchade effects on soils, water, 
wildlife, climate, and property). 

Type of Personnel 
Implication 

Re1earch and development 
activities by EPA, for example, 
on potentially hazardous pol­
lutants such u sulfates from 
coal burning, freon, acid 
aerosols, etc. 

Continuing re1earch and 
development obligations 
on EPA. 

Mandatory /Discretionary 

Mandatory to iuue a tilt of 
air pollutants and air quality 
criteria for each pollutant. 

Mandatory to promulgate 
ambient air quality standards 
for each pollutant for which 
§ 108 criteria have been 
issued, as well as for pollutants 
for which air quality criteria 
were issued prior to the en­
actment of the 1970 amend­
ments to the Clean Air Act. 

Other 

The lilt of air pollutants wu 
first iuued In 1971. Air 
quality criteria for each pol­
lutant must be iuued within 
12 months after the pollutant 
appears on the tilt. Revisions 
in the tilt and the criteria 
shall be made from time to 
time to accurately reflect the 
latest data on air pollution. 

Most primary and 1econdary 
standards to be issued within 
30 days after enactment of 
the 1970 amendments to the 
Clean Air Act. For any pol­
lutant newly appearing on the 
lllt, the air quality standards 
must be propo1ed simul­
taneously with the air quality 
criteria. 

.... 
°' ~ 
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Each standard Is initially propoaed by 
the Administrator and, after rca11>n­
able opportun!ty for public comment, 
is promulgated by regulation. The 
standards may be reviled in the same 
manner as promulgated. 

§ 110 (a)(l) Each state must, within 9 months 
after promulgation of a national pri· 
mary or mecondary ambient air 
quality standard under § l 09, adopt 
and submit to the Adminlsttalor for 
apprOYal a State Implementation Plan 
(SIP) which provides for implemen­
tation, maintenance, and enforcement 

(a)(2)(A) of the standard within the slate. The 
SIP must provide for the attainment 
of the primary standard within 3 years 
of the date of EPA apprOYal of the 
plan; attainment of the .econdary 
standards is required within a "reuon· 
able time." 

(a)(2)(B) The SIP must include measures "as 
may be necessary" to insure attain· 
ment and maintenance of the 
standards, such as emission limita· 
tions, timetables for compliance, and 
land use and transportation control 
plans. 

(a)(2)(C) The SIP must include procedures for 
monitoring the ambient air quality. 

State personnel needed to 
draft the SIPs. EPA personnel 
needed for review and 
approval of the SIP's. 

Sections (B), (C), (D) and (E) 

place obligations on state air 
pollution control agencies for 
penonnel at all levels. 

Theme 11ections also place 
indirect manpower require­
ments on private Industry 
becau11e of the emiaion 
limitations and other 
measures impo11ed by the SIP. 

Mandatory for states to sub­
mit SIPs for each ambient air 
quality standard proir.'.Jp!ed 
by EPA. 

The SIP must be submitted to 
l:':PA within 9 months after 
the promulgation of a national 
ambient air quality standard, 
but EPA may allow an exten· 
lion for plans dealing with 
11econdary standards. EPA 
approval or d: • 1pproval must 
follow within 4 months. 

The slate must attain the 
national primary standard 
within 3 years of EPA ap­
proval of the SIP. However, 
r. ~der limited circumstances, 
EPA may grant a 2-year 
extension for attainment. 

.... 
°' .... 
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Type of Penonnel .... 
°' Citation Summary of Statute Implication Mandatory /Discretionary Other to,) 

(a)(2)(D) 1be SIP must include a procedure for 
preconatruction review of the loc:a- An uncertain, but potentially 
tion of new sources to which a per· large source of manpower 
formance standard will apply. development in both public 

and private 1ector1 is the 
(a)(2)(E) The SIP must contain measures provision for transportation 

adequate to insure intergovernmental control plans. 
cooperation between states and 
regions so that air pollution in one 
state or region wm not interfere with 
attainment of the standards in 
another. 

§ 110 · (a)(2)(F) The SIP must provide aaurance that State personnel to carry Mandatory Some SIPs, e.g., R.I. and Ma., 
the state wm haw: adequate personnel, out SIP. were challenged for non-com· . 
funding, and authority to carry out pliance with § l IO(a)(2)(F). The 

the SIP. Fifth Circuit Court held that 
EPA has some discretion in de· 
dding what state "assurance" is 
necessary on personnel and other 
elements of a state program. 
NRDCv.EPA (1973)478 F. 
2d 875 (5th Cir.) 

(a)(2)(G) The SIP must proYide "to the extent Periodic: emislion inspection Mandatory 
neceauy and practicable" for peri- and testing. 
odic inspection and testing of motor 
w:hlcles for compliance with emlulon 
ltandard1 under the Clean Air Act. 

Ull The Admlnlltrator promulpte1 Re•arc:h obliptiom for EPA. The Admlniatrator hu aome The lilt of sources to be com-
atandarda or performance (emlulon discretion In c:ompo9ln1 the pomd within 90 days after the 
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1112 

Umltadon• b-.cl on eqldpment 
1tandarda) for new stationary 10urce1 
in a callllgory or aourlllll which, In the 
Adminiltntor'• judplent, "may con­
tribute lipillc:antly to lir pollu-

tion ••• "These atandants arc onforced 
by EPA or by the state If EPA 
approftl the state enforcement pro­
cedure. nae states must alto establilh 
emJaion standards for any air pol­
lutant ror whicb no air qu.Jity criteria 
haw been laued but to which a 
standard or performance would apply 
If' the aource were a new one. 

nae Adminlatrator lball publish a lilt 
of "hazardous air pollutantL" The 
EPA will -. propo19d emiaion 
standards for any such pollutant 
within 180 days after inclusion or the 
pollutant on the list. Within 180 more 
daysandafterpublichearinp,EPA 
will promulpte final emJaion stand· 
ards at a leftl requisite to protect the 
pubUc: health. naerearter, no new 
aoun:e of such hazudous air pollutants 
may be constructed without a permit 
from EPA or, if EPA approves a state 
procedure for enforcing the emission 
standards, from the state. The list of 
hazudous air pollutants "lball from 
time to thne" be revilecl by the Admin­
istrator. Furthermore, the Adminis­
trator lhall from time to time issue 
information on air pollution control 
techniques for hazardous air pollu· 
tan ti. 

Enforoement penonnel 
requlncl by EPA or states. 

Research obllptionl for 1tateL 

Research obliptions on EPA 
for purpo1e1 of publishing the 
list and establishing emiuion 
standards. 

Penonnel -*d at EPA or 
state leftl for the permit 
illWn& proce11 and enforce­
ment of standards. · 

Indirect manpower require· 
mmts on private industry to 
Insure compliance with the 
lltUldards. 

Uat of IOU?Cllll to which I I 11 
will apply. But once he deter· 
mines that a category of 
11>urce1 "may contn'bute Ilg· 
nlftc:antly" to air poDution, 
that category must be listed. 
Once a category of 11>urcz1 ls 
lilted, it ii mandatory for the 
Administrator to establish 
standards of performance. 

Mandatory for the Aclmlnis­
trator to publish a list of 
hazudous air pollutants and 
to promulgate emiuion 
standards for each. The Ad· 
miniltrator hu some dllcretion 
In drawing up the lilt and in 
setting the standard. 

enactment of the 1970 Clean 

Air Act Amendments. Within 
120 days after the Inclusion of 
a category on the lilt, the EPA 
must Issue proposed standards 
of performance. Final stand­

ards illued within 90 days 
after publication or propoaed 
standards. The list of aourcea 
may be reviled from time to 
time. 

The list to be compo19d with· 
in 90 days after the enac:tment 
or the 1970 amendments to 
the Clean Air Act; revisions be 
made from tbne to time. 
Emluion standards to be pro­
posed within 180 days after 
Inclusion of a pollutant on 
the lilt. Promulgation of 
final standards follows within 
180 days or the proposed 
standards. 

.... 
~ 
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Citation 

§ 113 

§114 (a)(I) 

(a){2) 

Summary of Statute 

This section grants the Administrator 
certain powers of enforcement of 
federal and state standards established 
pursuant to the Clean Air Act. In the 
case of a violation of an SIP, the 
Administrator may notify the violator, 
and after 30 days issue an order for 
compliance. If violations within a 
state arc "so widespread" that they 
appear to result from the state's fail­
ure to enforce its SIP, the Adminis­
trator may notify the state, and after 
30 days he may issue orders for com­
pliance. The Administrator may also 
issue orders for compliance to vio­
lators of § 111 or § i 12. Finally. the 
Administrator has the power to · 
brinl! a civil action for relief in the 
event of continued violations of 
SIPs or compliance orders. 

The Administrator "may require" the 
owner or operator of any emission 
source to keep records, make re­
ports, install monitoring equipment, 
sample emissions, and provide such 
other information "as he may 
reasonably require." 

The Adminiatrator has a right of 
entry to any emission source and has 
the right to copy records, inspect 
monitoring equipment, and sample 
emissions. These ri&hts may be dele­
gated to the states. 

Type of Personnel 
Implication 

Personnel needed by EPA to 
detect violations and to 
process remedial actions. 

Manpower requirements 
impoaed on private industry to 
comply with record-keeping 
and reporting obligations. 

Becauae of many state reltric­
tions on releuc of such 
information to the public, 
EPA haa had to collect moni­
torin1 data and make ii public. 

Mandatory /Discretionary 

Once the Administrator 
"finds" that a violation exists, 
he must ("shall") so notify the 
violator or, th~ state in the 
case of widespread violations. 
However, further remedial 
action (compliance orders or 
civil actions) are at the dis­
cretion of the Administrator. 

Discretionary for the Admin­
istrator to cxcrciae his powers 
of requiring record keeping, 
etc. 

.... 
Other ~ 
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cd The re ... -...>rd• and JnformatJon obtained 
under (a) become public information. 
uoept when they would divulge 

§ 101 (b) 
and 
40CFR §52 

§202 (a) 

(b) 

trade aecreu en tilled to protection. 

States must Implement EPA re11ula­
tions designed to prevent significant 
deterioration of existing air quality in 
relatively "clean air" areas. The regu-
lations require states to conduct a 
preconstruction review of certain 
listed sources to determine whether 
their introduction into an area would 
uceed allowable "inaement levels" 
for the ambient air of that area. States 
also have the duty to clasaify sub­
state regions into one of three cate­
gories; the increment levels are 
different in each category. The state 
classification is subject to EPA re­
view. In most areas the new sowces, 
must UIC the "best available control 
technology" (BACT) to control 
emissions. 

The Administrator shall prescribe 
emission standards for motor vehicle 
air pollutants. 

As originally written, the Act required 
the emission standards to include a 
90% reduction in allowable emissions 
of carbon monoxide (CO) and hydro­
carbons (HC) for 1975 model vehicles 
as compared to 1970 models, and a 
90% reduction of nitrogen oxide emis­
sions by 1976. The1e deadlines have 
been relaxed by EPA. 

Personnel needed at the stale 
level to conduct preconstruc­
tion review and to classify 
su bsta te regions. 

EPA persoMel needed for 
review of state classification of 
regions. 

Industry obligation to U9C 

BACT may create manpower 
requirements. 

EPA staff needed, drawing on 
research on automotive 
pollution. 

The emission standards may 
place a significant manpower 
demand on auto manufactur­
ing industry to develop 
methods of compliance. 

Mandatory (because of cowt 
dedsion) for Administrator to 
disapprove SIPs which did not 
provide for nondegradation .Jf 
"clean air ueas" and to issue 
regulations compelling states 
to comply with the nondegrn­
dation policy. 

Mandatory for EPA to estail­
lish emission standards for 
CO, HC, and NOx. 

SIPs were disopproved in 
1972. Nondegradation regula­
tions were promulgated In 
final form in 1974. 

Sit"a Club v. Rucktl11ulu1 
(1972) 2 ELR 20~62. Federal 
District Court enjoined the Ad­
ministrator from approving SIP'• 
which allowed degradation of air 
quality in relatively pure air areas. 
(See Section lll-B of this report.) 

Original dead:ines for the 90% 
reductions were 197 5 for CO 
and HC, and 1976 for NOx. 
In 1973, the EPA granted a 
1-year suspension of the 
1975 standards. 

/numationa/ Harvester, Co. v. 
Rucktlslulus (1973) 4 78 F. 2d 
615 (D.C. Cir.). The Court of 
Appeals determined that the 
Administrator did not adequately 
justify his denial of a suspension 
of the 197 5 deadline. Shortly 
thereafter, EPA granted the 
suspension. 

.... 
~ 
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Citation 

(c) 

§206 (a) 

(b) 

(c) 

Summary of Statute 

The EPA will arrange with the 
National Academy of Sciences to 
conduct a comprehensive study of 
the technological feasibility of 
meeting the emission standards 
established punuant to this 11ection. 

The EPA may test any new motor 
vehide engine in order to determine 
whether the vehlde or engine com· 
plies with the emission standards 
promulgated under § 202. If com­
pliance is found, the EPA shall issue a 
"certificate of conformity" to the 
vehicle or engine. If later tests on a 
sample of vehicles or engines covered 
by a certificate of conformity reveal 
that aD or some of them do not com­
ply with applicable emission stan­
dards, the Administrator may suspend 
or reYoke the certificate. The resulU 
of the tests conducted under this 
11ection must be made available to the 
public in nontechnical language. 

Type of Personnel 
Implication 

Continuing need for research 
personnel. 

EPA personnel required for 
testing of motor vehicles and 
motor vehicle engines. There 
ii an EPA laboratory in Ann 
Arbor, Michigan for this 
purpose. 

§203 It is prohibited to offer for sale or for Enforcement 
Introduction into commerce or for 
Importation any new motor vehicle 
or motor vehicle engine which is not 
covered by a certificate of conformity 
pursuant to 1206. 

11205 Violation of 11203 I• oubjec:l lo a c:tvll Enforcement 

Mandatory /Discretionary 

Mandatory to test any vehicle 
or engine submitted by a 
manufacturer who applies for 
a certificate of conformity. 
Discretionary to undertake 
later testing in order to check 
for actual conformity. If non· 
conformity Is found, suspen· 
slon or revocation is dlscre· 
tionary. It Is mandatory to 
make public the results of 
tests. 

Other 

NAS report completed in 
1975. 

.... 
~ 
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§207 

(a) 

(b) 

(c) 

(d) 

One of not more thAn $10,000. Each 
vehicle or engine which violates § 203 
lhaU constitute a 1eparate offe1t1e. 

Thia 1ection deals with obllgation1 on 
motor vehicle engine manufacturers 
to insure continued compliance with 
emilaion standards of §202. The 
manufacturer must warrant that at 
the time of sale the motor vehicle or 
engine conforms to § 202 standards. 
Furthermore, the Administrator may 
establish reasonable testing procedures 
for determining whether motor 
vehicles in use actually do comply 
with §202 1tandardL The EPA may 
require manufacturers to warrant 
continued conformity of the vehicle 
or engine throughout its useful life; 
In the event of any noncompliance 
with the emission standards, the 
manufacturer would be required to 
remedy the nonconformity. More­
over, if the Administrator determines 
that a substantial number of any 
category of vehicles or engines do not 
conform to § 202 standards, he shall 
require the manufacturer to submit a 
plan for remedying the nonconformity. 
In addition, the manufacturer must 
furnish with each new vehicle or 
engine written instructions for the 
proper functioning of the emission 
control system. Any cost obligations 
Incurred as a result of remedying non­
conformity with emillaion standards 
as required by this section must be 
borne by the manufacturer. 

~rsonnel needed by manu­
facturers of motor vehicles 
and engines in order to com­
ply with warranty obligations, 
Including remedying noncom­
formity with emission 
standards. 

Some EPA manpower also re­
quired to administer this 
section: to oversee manu­
facturer '1 compliance with 
warranty obligations and to 
undertake independent 
telling of vehicles and engines. 

Manufacturer'• warranty at 
the time of sale is mandatory. 
EPA may require warranty of 
continued conformity, but 
only If reasonable testing pro­
cedures and methods are 
available. 

§ 207 applies to model years 
beginning more than 60 days 
after tite enactment of the 
1970 amendments to the Clean 
Air Act. 

.... 
°' ~ 
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Type of Personnel .... 
Citation Summary of Statute Implication Mandatory /Discretionary Other ~ 

§208 Manufacturers of mot1Jr vehicles and Personnel required by manu- The extent of record keeping 
engines must keep such records and facturers to comply with required by manufacturers is 
reports as the Administrator may record-keeping obligations. discretionary with the 
reasonably require to enable him to Administrator. 
determine the extent of the manu-
facturer's compliance with Part A of 
Title II of the Act (Motor Vehicle 
Emission and Fuel Standards). Any 
reports or information obtained 
ID!der this section must be made 
available to the public. 

§211 (a) The Administrator may require the hrsonnel required by fuel Discretionary for the Admin· D.C. Court of Appeals upheld 
"registration" of any fuel or fuel addi- manufacturers and processors istrator to require the registra- the Administrator's decision 
tive. The sale of any fuel or fuel addi- to comply with the registration tjon of a fuel or fuel additive. to .-egulate the sale of lead· 
tive designated for registration is requirement and testing pro- It is also discretionary to re- based gasoline. Ethyl Co,,,. v. 
prohibited unless the Administrator vision. quire manufacturers to con· EPA (1976) 6 ELR 20267 

(b) has registered it. The Administrator duct tests, or for EPA to (D.C. Cir.) 
may also require the manufacturer EPA manpower needed to control the sale of a fuel or 
to conduct tests to determine the administer the registration fuel additive. 
public health effects of the fuel or pro::ess and to obtain informa· 

(c) additive. The Administrator may tion on the public health 
control or prohibit the manufacture effects of fuels. 
or sale of a fuel or fuel additive if its 
emission products "will endanger 
the public health or welfare." 

§212 This 1ection eatablilhes a Low- EPA personnel needed for It is mandatory for the Board Within 270 days of receipt of 
Emission Vehicle Certification Board investigations pursuant to to undertake certification in· an application for certifica-
compo1ed of the EPA Administrator, applications for vehicle vestigations for any vehicle tlon, the Board must deter· 
the Secretary of Transportation, certification. for which an application mine whether the vehicle is a 
Chailman of CEQ, Administrator of has been fUed with the "low-emission vehicle" and is 
GSA, and three other persons, plus Board. It is mandatory for suitable a1 a 1ub1tltu1e for 
staff .. needed. The function or the federal •l'cncica lo procure other vehicle• preoently beln11 Copyright © National Academy of Sciences. All rights reserved.
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§231 

§232 

Board la to certify model1 or cla-• 
of motor vehicle• a1 "low emilllon 
whiclea," i.e., vehicle• whOle emiaion1 
of air pollutants fall llanificantly 
below the § 202 standards, and with 
respect to other performance 
chancteristics, will sene as suitable 
substitutes for vehicles procurred by 
the U.S. government. Such certified 
vehicles receive preference in pro­
curement by fede•al agencies. 

The Administrator "shall commence" 
a study of aircraft emissions of air 
pollutants in order to determine their 
effect on air quality and the feasi­
bility of controlling the emissions. 
After commencing the study EPA 
shall publish a report and iuue pro­
posed emission standards for aircraft 
and aircraft engines. After public 
hearings the EPA iuues final emiuion 
standarcb. 

The emission standards promulgated 
under §231 are enforced by the 
Secretary of Transportation. En­
forcement regulations luued by the 
Secretary are applicable in any appli­
cation for any certificate authorized 
by the Federal Aviation Act or the 
Department of Transportation Act. 

EPA staff needed for study of 
aircraft emiuions and promul­
gation of emission standards. 

Indirect manpower require­
ments on the aircraft industry 
to comply with emission 
standards. 

Department of Transportation 
personnel needed for enforce­
ment of § 231 aircraft 
emission standards. 

certified vehicles In JlDu of 
other vehicles If the certified 
vehicles colt no more than 
ISO% of the cost of the 
vehicle• for which they are 
substitutes. 

Mandatory to undertake the 
study of aircraft air pollution 
and to promulgate aircraft 
emiuion standards. The Ad­
minisuator has 11>me discretion 
in choosing which air pollu­
tants to issue standards for: 
emiuion standards must be 
iuued for pollutants which 
"in his judgment" may en­
danger the public health 
or welfare. 

It ii mandatory for the 
Secretary to luue enforce­
ment regulations, after conllll­
tation with the EPA Admin­
iltrator. 

procured by the federal 
government. 

The study of aircraft ak pol­
lution must be commenced 
within 90 days of the enact­
ment of the 1970 amendments 
to the Clean Air Act. Within 
180 days of commencing the 
study, the report and pro­
posed emillion standards 
must be im.d. Ninety days 
thence, final emluion standards 
are promulpted. 

.... 
°' IC 

Copyright © National Academy of Sciences. All rights reserved.

Manpower for Environmental Pollution Control:  A Report to the U.S. Environmental Protection Agency From the Committee for Study of Environmental Manpower, Commission on Human Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=20329

http://www.nap.edu/catalog.php?record_id=20329


NOISE POLLUTION CONTROL 
(42 USC §4901et11eq.-Noile Control Act of 1972) 

PersoMel Development Authorized by the Statute 

There are no explicit manpower development provisions in the Noise Control A ct. 

Citation 

§4904(a) 

Summary of Statute 

The Administrator shall publish noise 
criteria which reflect the nature of 
the effects of noise on public health 
and welfare. (By 1973) 

(b) The Administrator lhall allo publish 
a report Identifying products which 
are major sources of noile. (By 1974) 

(c) The Administrator shall from time to 
time review and, if appropriate, re­
vise any noite criteria or reports. 

Type of Penonnel 
Implication 

EPA staff needed to re11earch 
and develop noite crit.eria and 
product identification reports. 

§490S(c) The Administrator lhall publish EPA staff needed to re11earch 
noile emission standards for products and 11et noile emillion levels. 
identified In §4904(b) reports. The 
standards wm be aet at levels necea-
IUY to protect public health and 
welfare, and may Include any 
appropriate testing procedures or 
manufacturing instructions to uaure 
compliance with the standards. 
(By 1974) 

Mandatory /Discretionary 

Mandatory 
( §49044912) 

.... 
~ 

Other 
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(d) nae manufacturer or each 1uch Pouible demand for indu1try 
product mu1t wurant that the penoMel to comply with 
product ii conltructed and qqulpped standardl. 
to conform to the noile emluic>D 
1tandardl. 

§4906 The Adminiluator shall ltudy and EPA penonnel needed for Mandatory 

report on the adequacy of FAA fli8ht re1earch on aircraft and 
and operational noile conuols, the airport noile. 
adequacy of noile emillion 1tandard1 
on aircraft, Implications of cumula-
live noile levels around airports, and 
other meuure1 to control aircraft 
noise. The report was to be presented 
to the Congrea In 1973. 

§4907 The Administrator shall, for each EPA 1taff to re1earch product Mandatory 
product which emltl noile capable of noile Inell. 
adver1ely affecting public health or 
welfare, require and specify the form 
of notice which mu1t be gl¥en to the 
prospectiwi u1er on the product'• 
noile level 

§4912 Every manufacturer of product• Staff required at the manu- Mandatory 
designated under § §4905 or 4907 facturing lewil for record 
must keep records as required by the keeping. 
Admlniltrator to enable hbn to 
determine whether the manufacturer 
ii complying with thil statute. 

§4913(1) The EPA may conduct re1earch or EPA or private research Discretionary 
financie re1earch by contract on the personnel. 
effect1, measurement, and conuol 
of noise. .... 

;::::i 
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Type of Personnel .... 
Citation Summary of Statute Implication Mandatory /Discretionary Other t::J 

(2) The EPA may provide technical hrsonnel from state and local Dlsc:retionary 
assistance to state and local go"Vem- go'Vllmment, also noile-<:0ntrol 
ment for the development and en- penonnel. 
forcement of noise standards. This 
assistance may include advice on 
training noise-control personnel. 

§4914 The Administrator shall certify any EPA staff for certification Mandatory 
product which meets the "low-noile- procedures. ( §4914-4917) 
emission" standards as developed by 
EPA. Such certified products receive 
preferential treatment in federal 
go"Vemment purchases or leases. 

§4916 The Administrator shall publish noise EPA staff required to de"Velop Mandatory 
emission standards for railroads, railroad noise emission 
taking into account the use of the standards. 
best available technology and the cost 
of compliance. (The Department of 
Transportation promulgates regula-
tions to insure compliance with the 
standards thus established.) (By 1973) 

§4917 The Administrator shall publish noise EPA staff and industry Mandatory 
emission standards for motor penonnel needed in the same 
carriers engaged in interstate com- capacities as for §4916. 
merce, taking into account the use of 
the best available technology and the 
cost of compliance. (Department of 
Transportation promulgates regula-
tions to insure compliance with the 
standards.) (By 197 3) 
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PESTICIDES CONTROL 
(7USC§§13S-13Sk-Federal Insecticide, Fungicide, and Rodenticide Act Amendments (FIFRAI) 
(7USC§§136-136y-Federal Environmental Pesticide Control Act of 1972 (FEPCA() 
(16 USC § 742d-l -Effects of the Use of Chemicals) 
(21 USC § § 346, 346a-Federal food, Drug, and Cosmetic Act of 1938) 

Personnel Development Authorized by the Statute 

Citation 

7 USC 
§135 
Note 

7 USC 
§136u 

Summary of Statute 

The Administrator shall publish 
regulations for the classification 
and registration of pesticides and 
reregister all pesticides registered 
under this law prior to the 1972 
amendments. 

(a) The Administrator is authorized 
to enter into cooperative agree­
ments with states 

(1) to delegate to states the 
authority to enforce this act 
(Federal Environmental Pesti­
cide Control Act) through the 
ll9e of state personnel or 
facilities, to train state person­
nel for enforcement of this Act, 
and to assist states in enforce· 
ment programs through grant• 
in-aid; 

Type of Personnel 
Implication 

Personnel needed to handle 
large number of pesticide 
revaluations and reregis· 
trations. 

Training, enforcement and 
certification. 

Mandatory /Discretionary 

Mandatory 

Dilaetionary 

Other 

Completion of reregistrations 
by fall of 1977. 

.... 
~ 
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Citation 

7 USC 
§l35b 
§l36a 

§136a(d) 

Summary of Statute 

(2) to usist state agencies in de­
wloping and administering 
programs for training and 
c:ertuication of applicaton. 

(b) The Administrator is authorized to 
enter into contracts with federal 
or state agencies for the training 
of c:ertif"ied applicators (see § l 36a, 
136b for dilcusllon of certified 
applicaton). 

All pesticides and economic poisons 
must be registered with the Admin­
istrator. Application for registration 
includes a statement of all claims to 
be made for the pesticide, and (if 
requested by the Administrator) a 
deaaiption of the teat resulu upon 
which the claims are baaed. 

'The Administrator will review the 
application for registration and a~ 
prow or deny it depending on the 
authenticity of the claims and the 
environmental effecU of the pesticide. 

'The Administrator will also clallify 
each pesticide for general me, re­
stricted me, or both. Restricted use 
applies to pesticides which, when 
applied without additional regulatory 
restrictions, may cause unreuonable 
adverse effects on the environment. 
Restricted u-.e pesticide• may be 

Type of Personnel 
Implication 

Personnel needed in pesticide 
Industry to comply with 
registration requiremenu. 

Staff needed at EPA to review 
applications; alao needed to 
draw up regulations for 
restricted use pesticides. 

Certified applicators needed to 
Alpervlte use of restricted use 
pesticides. 

.... 
Mandatory /Discretionary Other ~ 

Mandatory 
( § 135b-l 36b) 
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§136b 

7USC 
§136d 

§136e 

applied onb' under the 1Upervtaioft or 
a "certified applicator" or maY be 
1ubject to other re1trlcdon1 a1 the 
Administrator may make by regula­
tion. 

The Admlnbtrator lhall preacribe Certification of appllcaton. 
standards for the ciertificatlon of 
applicators; he may delepte certifiaa-
tion power to the states. 

If the Administrator Ondl that a 
pesticide ca111e1 unreasonable adverse 
environmental effecta, he imy 
cancel its registration, c:ban,e its 
dullfiaatlon, or hold a hearing on 
the registration and clallifiaatlon. 
(CanceDatlon, which does not become 
ftnal until exhaustion of adminlltra­
tlve and judicial remedies, may take 
IDWral years). However, the Admin­
istrator may suspend the registration 
immediately if neciemry to prevent 
an imminent hazard. 

All producen of pesticides mlllt 
register their production "eatablilh­
ment" with the Administrator. The 
producer must report the types and 
amounts of pesticides he Is currently 
producing or had produced or sold 
within the past year. The Adminis­
trator may also preac:ribe record­
keeping requirements for pesticide 
producen. 

EPA staff meded to handle 
c:anceDatlon and 1111pCnlion 
proceedings. 

Feltlcide producers must 
supply penonnel to comply. 

Discretionary 

Mandatory 

.... 
~ 
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.... 
~ 

Type of Personnel 
Citation Summary of Statute Implication Mandatory /Discretionary Other 

§ 136g Inspections of any producing or Personnel needed for Discretio!lary 
distributing establishment of pesti- inspections and enforcement. 
cides may be made by officers 
designated by the Administrator. 

§136k Whenever any pesticide is distributed Discretionary 
or sold in violation of this statute, the 
Administrator may issue a "stop sale" 
order. 

7USC The Administrator "shall undertake" Development of research Mandatory 
§ 136r (a) research by grant or contract with personnel. 

federal agencies, universities, etc., 
to carry out the purposes of this 
statute, including the development of 
biologically integrated alternatives 
for pest control. 

§ 136r(b) The Adminlatrator shall undertake Personnel needed for Discretionary 
monitoring activities u necessary, monitoring activities. 
including monitoring of the air, soil, 
water, plants, animals, and man. 
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16 USC 
§ 742d-l 

21 use 
§346, 

346a 

The Administrator Is authorized to 
undertake "comprehensive continuing 
studies" of the effects of lm1ecticlde1, 
herbicides, fungicides, and pesticides 

upon fish and wildlife resources in 
order to determine safe usage levels. 

The Administrator shall prescribe 
regulations limiting the quantity of 
poisonous or deleterious substances 
which can be added to food. He shall 
also establish tolerance levels for 
pesticide chemicals which can be in 
or on raw agricultural commodities. 
Anyone who has registered an 
economic poison pursuant to FIFRA 
may submit a petition of a tolerance 
level for that substance, including 
reasonable grounds of support for the 
proposed tolerance. 

Development of personnel for 
reaeuch activltiea. 

EPA staff needed for reaeuch 
on health effects of pesticides 
and establish tolerance levels. 

Dilaetlonary 

Mandatory 

..... 
'-l 
'-l 
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RADIATION CONTROL 
(5 USC App. pp. 609 et seq.-Reorpnization Plan No. 3 of 1970) 
(33 USC § 1362(5)-Federal Water Pollution Control Act) 

Personnel Development Authorized by the Statute 

Citation Summary of Statute 

Reorpnization lbere are hereby transferred to the 
Plan § 2(a) Administrator: 

(6) The functions of the Atomic 
Energy Commission under the 
Atomic Energy Act of 1954, as 
amended, administered through 
its Division of Radiation Protection 
Standards, to the extent that such 
functions of the Commission consist 
of establishing generally applicable 
environmental standards for the 
protection of the pneral environ­
ment from radioactive material. 

Type of Penonnel 
Implication 

EPA will need personnel to do 
research and to set standards, 
but not for enforcement. 
Industry will need personnel 
for compliance only if EPA 
standards are stricter than 
U.S. NRC standards. 

Mandatory /Discretionary 

Discretionary. The Adminis­
trator is authorized to set 
standards he deems in the 
public interest. The only 
condition is that the 
standards apply to the emis­
sions from all nuclear 
facilities taken together, 
not to individual ones. 

Other 

Standards for limiting levels of 
radioactive materials in the 
general environment from the 
uranium fuel cycle were pro­
posed in May 1975. 

.... 
~ 
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33USC 
§1362(5) 

The authority tralllferrecl (42 USC 
2073, 2133) Is very broad, permitting 
the imposition of such conditions on 
licen-s as ue deemed in the public 
interest. 

The definition of "pollutant" under 
the Federal Water Pollution Control 
Act includes "radioactive materials." 
This definition has been administra­
tively interpreted to mean only those 
materials not regulated by the Nuclear 
Regulatory Commission (U.S. NRC). 

The type of penonnel will be 
the same u above (under 
present discretionary inter­
pretation ofOMB/EPA). 

Presently determined u discre­
tionary under OMB/EPA 
decision malting. 

Uncertain 

This interpretation of the 
statute was challenged 
(Col PIRG v. Trtlin, 501 f. 
2d 743), and EPA was ordered 
to regulate all radioactive ernu­
ents. This means a substantial 
increase in EPA, state, and in­
dustrial personnel requirements . 

.... 
let 
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SOLID WASTE MANAGEMENT 
(42 USC §3251 et seq.-Solid Waste Disposal Act of 1965) 

Personnel Development Authorized by the Statute 

Citation 

§3254d 

Summary of Statute 
Type of Personnel 
Implication 

(a) The Administrator is authorized Education and training. 
to make grants and contracts with 
state or interstate agencies, munic· 
ipalities, educational institutions, or 
other organizations which are capable 
of carrying out the training projects 
authorized by this provision. 

(b) The grants or contracts may be 
used to pay partially or totally for 
the cost of projects designed to: (A) 
train persons for the management, 
operation, or maintenance of solid 
waste disposal and resource recovery 
equipment and facilities; or (8) to 
train instructors and supervisory 
personnel to train or supervise persons 
in occupations involving the design, 
operation, and maintenance of solid 
waste disposal and resource recovery 
equipment and facilities. 

Mandatory /Discretionary 

Discretionary 

§3253 The Administrator is authorized to Research penonnel needed in Discretionary 
make grants-in-aid to, or contract state and local agencies, educa-
with, public or private 1gencies and tional institutions, etc. 
institutions and Individuals for research, 
training projects, surveys, and demon-

.... 
gg 

Other 

Copyright © National Academy of Sciences. All rights reserved.

Manpower for Environmental Pollution Control:  A Report to the U.S. Environmental Protection Agency From the Committee for Study of Environmental Manpower, Commission on Human Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=20329

http://www.nap.edu/catalog.php?record_id=20329


§3253a 

§3254a 

suations for the purpose or studying 
the health effects or the releue or 
solid waste into the environment, the 
operation of solid waste disposal sys­
tems, and the development of new 
methods of disposing or solid waste. 

The Admini.drator shall annually 
repon to the President and Congress 
on the results of research he has con­
ducted on means of recovering ma­
terials from solid waste, changes in 
production practices which would 
reduce the amount of solid waste, the 
use of federal procurement to develop 
market demand for recovered resources, 
incentives to encourage the recycling 
of materials from solid wastes, the 
effect of public policies upon re­
cycling such materials, and the neces­
sity of imposing charges on packaging 
which would reflect the cost associated 
with nonrecycling. 

The Administrator may make grants 
to state, interstate, and municipal 
agencies for the purpose of (1) making 
surveys of solid waste disposal prac­
tices, (2) developing solid waste 
disposal plans providing for re-
cycling of materials from wastes, 
(3) developing proposals for projects 
pursuant to § 3254b, or (4) planning 
programs for the removal of abandoned 
motor vehicle hulks. 

Research penonnel at EPA. 

Penonnel in government 
agencies to carry out the 
research and development 
funded. 

Mandatory 

Discretionary 

.... 
~ 
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Citation 

§32S4b 

Summary of Statute 

The Administrator is authorized to 
make grants to state, intentate, or 
municipal agencies for the demonstra­
tion of resource recovery systems or 
for the construction of new or im­
proved solid waste disposal facilities. 

Type of Personnel 
Implication 

Research and supervisory 
personnel at state and local 
agencies. 

.... 
f3 

Mandatory /Discretionary Other 

Discretionary 

Copyright © National Academy of Sciences. All rights reserved.

Manpower for Environmental Pollution Control:  A Report to the U.S. Environmental Protection Agency From the Committee for Study of Environmental Manpower, Commission on Human Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=20329

http://www.nap.edu/catalog.php?record_id=20329


WATER POLUJI'ION CONTROL 
(33 USC §1251 et seq.-Federal Water Pollution Control Act Amendments of 1972) 

Personnel Development Authorized by the Statute 

Citation 
(cited as 
sections of 
the 1972 
amendments 
to the 
FWPCA) 

§104 (b) 

SumlllaI)' of Statute 

The Administrator Is authorized to 
establish and maintain research 
fellowships. 

Type of Personnel 
Implication 

Education and testing. 

Mandatory /Discretionary 

The number, value, and field of 
the fellowships are left to the 
Administrator's discretion. 

Other 

Not explicit, but there is an 
implicit time frame for all 
provisions of the Act, set by 
the 1977 and 1983 deadlines 
for achievement of water 
quality standards. However, 
these dates may not be adhered 
to, since EPA permits actually 
issued have fallen behind 
original expected schedules. 

.... 
el 
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Type of Personnel ..... 
Citation Summary of Statute Implication Mandatory /Discretionary Other ~ 

(g) (I) For the purpose of providing an Development and training. The Administrator's discretion 
adequate supply of trained person- is guided only by the admoni· 
net to operate and maintain lion that he is not to permit 
existing and future treatment works his training program to supplant 
and related activities ... the existing ones. The fields, type 
Administrator shall finance pilot of training, and number of per· 
programs ... of manpower de- sons trained are left to the Ad· 
velopment and training ... Such ministrator's discretion. 
programs ... shall supplement, 
not supplant, other manpower and 
training programs and funds avail· 
able for the purpose of this 
paragraph. 

(3) The Administrator is authorized Training Discretionary 
to-

(A) make grants to public or 
private agencies and institu-
lions and to individuals for 
training projects, and provide 
for the conduct of training 
by contract with public or 
private agencies and institu· 
lions and individuals; 

(B) establish and maintain re· 
search fellowships in the 
EPA. 

§109 The Administrator is authorized to Education and training. The program, number of stu· 
make grants to ... institutions of dents and fields covered are 
higher education to assist them in dilcretionary. 
plannina projects or programs for the 
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Ill I 

prepantion of undctJ11radua1e 11udenh 
10 enter an occupation which Involves 
treatment wocks. 

1be Administrator Is authorized to 
award scholarships ... for under· 
graduate study by persons who plan 
to enter an occupation involving the 
opention and maintenance of treat· 
ment wocks. 

Education and training. 

Personnel Development Implicitly Required by the Statute 

§ 102 (a) 

§104 (a) 

The Administrator shall develop com­
prehensive programs for preventing, 
reducing, or eliminating the pollution 
of the nation's navigable waten. 

The Administrator shall establish 
national programs for the prevention, 
reduction and elimination of pollu· 
tion and as pan of such programs 
shall-

The rest of the Act is an elab­
ontion of this 1eetlon. The 
pnenl implications are that 
EPA will need reuarch and 
standard-setting penonneL 
The states and EPA will have 
enforcement responsibilities, 
and private industry iand mu· 
nicipally operated wa1te treat· 
ment plants will require per· 
sonnel for compliance. 

Penonnel implications for re· 
warch and development per· 
sonnel in both public and 
private 1eeton, and for state 
water pollution control per· 
sonnel. 

(See comment above) 

1be Administrator'• discretion 
is guided by 1Ubsequent 
1eetions. 

Some discretion in making 
grants, etc., but the pollution 
control programs "shall" be 
established in accordance with 
the policies of the Act. 

The r1nt stqe of water qual­
ity improvement Is IClteduled 
for 1977; the Micond stqe for 
1983. The Act include1 a pl 
of ''no disclwp" by 1985. 

.... 
~ 
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Type of PersoMel .... 
Citation Summary of Statute Implication Mandatory /Discretionary Other ~ 

(I) conduct and promote the co-
ordination and acceleration of 
research, investip tions, experi-
men ts, training, demonstrations, 
survey1, and 1tudiea relating to the 
causes, effecu, extent, prevention, 
reduction, and elimination of 
pollution ... 

(5) establish, equip and maintain a 
water quality surveillance system ... 

1104 (b) The Administrator is authorized to- (See comment above) (See comment above) 

(3) make grants to state and intentate 
water pollution control qencies, 
and other public or nonprofit pri-
vate agencies, institutions, orpni-
zations, and individuals; 

(4)contract with public or private 
qenciea, institutions, oqaniza-
tions, and individuals; 

(7) develop effective and practical 
processes, methods and prototype 
devices for the prevention, reduc-
lion, and elimination of water 
pollution. 

(c) The Administtator shall conduct re- Health and other sciences re- According to Section 104(c) Section 104(c) through (t) 
search on the harmful effecta on search penonnel. through (t), it is generally 1uge1ts that an implicit time 
public health or welfare caused by mandatory for the Admlnlatra- frame for the research and de-
water pollution. tor to conduct the reaearch or velopment task• i• nxed by the Copyright © National Academy of Sciences. All rights reserved.
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1upp01t the development In Act's water quality Improve-
(d) The Administrator 1hall develop and Engineerina development per- question (note the recurring ment deadlines or 1977 and 

demonstrate practical mean1 of treat· sonnet. uae of "shall" in the provisions). 1983 (though thete dates will 
ing municipal sewage. However, the Administratot hal probably be extended). 

some dilcretion in nearly every 
(e) The Administrator shill establish, Research 1tafT supported on a cue with respect to the scope 

equip, and maintain field laboratory long-term balls rather than by of the inquiry, the specific 
reaearch facilities. specific project grants. topics investigated, the type of 

method• explored, and the 
amount of funding committed. 

(f) The Adrninlltrator lhall conduct re- Research and development per· 
search and technical development aonnel to study a variety of 
w01k, and make studies, with respect topics dealing with pollution 
to the quality of the water of the in lakes. 
Great Lakes. 

(h) The Administrator ii authorized to (See comment above) (See comment above) (See comment above) 
enter into contracts with, or make 
grants to, public or private agencies 
and organizations and individuab for 
(a) the purpose of developing and 
demonstrating new and improved 
method• for the prevention of pollu· 
tion in lakes; and (b) the construction 
of publicly owned r~h facilities 
for such purpose. 

§104 (m) The Administrator shall conduct a Economic, ecolotlical, socio- (See comment above for (See comment above for 
study of the generation of waste oil. lotlical, engineering. and inter- § 104(ml·(tl> §104 (ml·(tl> 

dilciplinary research and de-
velopment personnel. 

(n) The Administrator shall conduct (See comment above for 
studies of pollution effects in estua· §104(nl·(tl) ..... 
rine zones. Oo 

'.! 
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Citation Summary of Statute 

( o) The Administrator shall conduct re· 
search on methods of reducina the 
total flow of seW8p, in order to 
reduce the costs of sewage and waste 
treatment services. 

(p) The Administrator shall carry out a 
comprehensive study and research 
program to determine new and Im· 
proved methods of preventing, reducing, 
and eliminating pollution from lpi­
culture, including the lepl, economic, 
and other implications from the use 
of such methods. 

(q) The Administrator shall conduct a 
comprehensive program of reaearch 
and pilot project supplementation 
into new and improved methods of 
treating pollution from sewage in 
rural are•. 

(r) The Administrator is authorized to 
make grants to colleges and univer· 
sities to conduct basic research into 
the structure and function of fresh 
water aquatic ecosystems. 

(s) The Administrator is authorized to 
make grants to institutions of higher 
education for the purpoae of conducting 
interdisciplinary studies on the nature 
or river 1y1tem1. 

Type of Personnel 
Implication Mandatory /Discretionary Other 

.... 
~ 

Copyright © National Academy of Sciences. All rights reserved.

Manpower for Environmental Pollution Control:  A Report to the U.S. Environmental Protection Agency From the Committee for Study of Environmental Manpower, Commission on Human Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=20329

http://www.nap.edu/catalog.php?record_id=20329


(t) The Administrator shall conduct con­
tinuing comprehensive studies on the 
effects and methods or thermal dis­
charges. 

§ lOS (a) 

(b) 

(c) 

The Administrator is authorized to 
conduct in the EPA and to make 
grants to any state, municipality, 
intennunicipality, or intentate 
agency for the purpose of assisting in 
the development of-

(I) new or improved methods of 
reducing pollutant discharge from 
sewers which carry storm waters; 

( 2) any project which will demon­
strate advanced waste treatment 
and water purification methods or 
joint treatment systems for muni­
cipal and industrial wastes. 

The Administrator is authorized to 
make grants to demonstrate advanced 
treatment and environmental en­
hancement techniques to control 
pollution from all sources, including 
new plant sources. 

The Administrator is authorized to­
(1) conduct in the EPA, (2) make 
grants to penons, and (3) enter into 
contracts with persons for research 
and demonstration projects for pre­
vention of pollution of any waten 
by industry. 

Raises demands for engineering 
research, development, and 
construction personnel 

(See comment above fol' 
§IOS(b)-(d)) 

Give discretion to the Admini1-
trator over the extent of the 
research and development, size 
and type of demonstration, 
type of pollutant controlled, 
etc. 

(See comment above for 
§IOS(b)-(c)) 

No deadline specified. 

.... 
Clo 
'O 
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Type of Penonnel .... 
Citation Summary of Statute Implication Mandatory /Disc:retionuy Other ~ 

(d) The Administrator shall conduct, on Mandatory, but there is still 
a priority basil, an ac:celerated effort discretion OYer the methods 
to develop, refine, and achiew prac- used, etc. 
tical application of: wute management 
methods applicable to point and non-
point sources of pollutants ..• to 
eliminate the dilchuge of pollutants. 

1106 (a) Sums are authorized to be appro- Requires state enforcement The Administrator must develop 
priated to states to msist them in ad- personnel, either In the water criteria for evaluating the ade-
ministering programs for the reduc- pollution control IPDCY or in quacy of state propams. 
tion of poUution, including enforce- the attorney general '1 office. 
ment of poUution controls. 

(b) The Administrator is required to 
aUocate the sums appropriately, on 
the basis of relative pollu lion prob-
lems in each state. 

1106 (c) Beginning in fiscal yeu 1974, the (See comment abow) (See comment above) 
Administrator shall not make any 
pant under this section to any state 
which .•. is not carrying out ... the 
establishment ... of appropriate .•. 
methods neceuary to monitor ... the 
quality of nayjpble waters. 

1107 The Administrator is authorized to Engineering, biological, and Discretionary• to extent of 
conduct, make srants for •.. projects other scientific re-ch per- r.-ch supported and the 
to demonstrate comprehensiw ap- 1onneL types of projects undertaken. 
proaches to the elimination or control 
of acid or other mine water pollution 
remltins from minln1 operations. 
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1108 

1113 

1115 

1201 (b) 

(c) 

(1)(1) 

The Administrator is authorized to 
demonstmte new methods and tech· 
niqua for the elimination and con· 
trol or pollution within all or any 
put of the watenhecb of the Great 

Lita. 

The Admini1tiator is authorized to 
carry out projects to demonstrate 
methods to provide for safe water In 
native villages In Alaska. 

The Admlnlsttator is directed to 
iclentif)J the location of in-place pol­
lutants and is authorized to make 
conuacts for the removal of such 
mateliab from critical port and harbor ...... 
Wute treatment plans and pr1etices 
shalt provide for the application or 
the ''best pmcticabte technology" for 
wute treatment before any clisc:lwp 
Into receiving waten. 

To the extent practical, wute treat· 
ment management shlll be on an 
areawide basis and provide control of 
treatment of all point or nonpolnt 
sources of pollution. 

The Administrator is authorized to 
make pants to any state, municipality, 
intermunlcipatity or intentate qency 
for the construction of publicly 
owned treatment works. 

Primuity blotopcat, eeotopcal, 
and lftllneerinl retearch. 

(See comment above) 

EnP-ms research. 

Discretionary. The AdmUU. 
trator has discretion u to the 
extent of the research supported, 
the choice of projects and 
methods employed. 

(See comment above) 

(See comment above) 

Section 201 is the most • The Administrator has some 
niftcant provision or the Act discretion in selecting the 
in terms of personnel require- applicants for the pants, and 
ments. Personnel will be re- determining the amounts of 
quired for the planning, con- the pants, but the adminiltra-
struction, opeiation, and lion or these funds must be 
supervision of the11 publicly· equitable, buecl on need and 
operated waste-water ueat· compliance with the conditions 
ment plants. EPA staff ia neeclecl stated. Presidential deferrals of 
for administering pants, in- funds appropriated in 1207 to 
eluding the development of attain goats In 11301 and 201 
standards of the best piacticabte are governed by the lmpouncl­
technotogy, and supervision of ment Conuot Act of 1974 (111 
the works for continued com- Chapter 1 of this report). 
pliance. State and municipal per· 
sonnet are needed for construc-
tion and operation of the plantL 

Tune frame is given by the re­
quirement or 11eondary treat­
ment for publicty-ownecl waste­
water ueatment plants by 
1977 ( § 301 ). Implicit time 
frames are due to present stat­
utory deadlines of 1977 and 
1983. 

.... 
~ 
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.... 
Type of PersoMel ~ 

Citation Summary of Statute Implication Mandatory /Discretionary Other 

§201 (g)(3) A fwther condition on grants for (See comment above) (See comment above) (See comment above) 
public wute treatment works is that 
the applicant must show that all 
1ewer collection systems discharging 
into the treatment works are not 
subject to excessive infiltration. 

§208 (a) For the pwpose of facilitating the Requires a significant com- Mandatory for the Administra- EPA regulations on the Iden ti-
development of areawide waste mitment of resources by state tor to promulgate guidelines fication of such areu were to 
treatment management plans- and substate ("areawide" for the identification of such be publilhod within 90 days 

(2) the governor of each state shall planning is called for) bodies, areu. Mandatory for the of enactment of the Act; with-

identify areas which have substan- in addition to retained con- governors of the states to in 180 days of publication of 

tial water quality control prob- sultan ts from the private designate areu and organiza- the regulations, the governors' 

lems. The governor shall designate 1ector. lions. Mandatory for the designations must be made. 

a repre1entative organization organization to develop a plan One year after the dellgnation, 

capable of developing effective for the management of waste the 1eiected organization must 

areawide waste treatment manage- treatment proceues. have in operation the plaMing 

ment plans for each designated process. All regional qencies 

area. designated by their respective 
governors must have had their 

(b) Within one year after designation of preliminary grant applications 

the organization in (a)(2), such approved by EPA by July 1, 

organization shall have in operation 1975 to receive 100% federal 

a continuing wute treatment funding over the two-year 

management planning proce11 consil- plaMing proce11. 

tent with Section 201 of the Act. 

Any plan prepared under such pro- PlaMing and regulatory Mandatory Within 1 year. 
ce11 must Include 1everal spedfic control. 
components and programs 
Including-
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§210 

§301 (b)(l) 

(A) Identification of treatment 
works necesury to meet the 
anticipated waste treatment 
needs or the area over a 20-year 
period; 

(B) construction priorities for 
treatment works and schedules 
for initiation and completion 
of the works; 

(C) the establishment of a regula­
tory program to implement 
the wute treatment manage­
ment requirements of Section 
201, and to regulate the loca­
tion and construction of any 
facilities which may result in 
discharges in the area; 

(D) provisions for the control of 
slgnifican t nonpoin t source 
pollution; and 1everal other 
components. 

The Administtator shall annually Administtative staff on EPA 
make a survey to determine the and state level needed for 
efficiency of the operation and this annual survey. 
maintenance of treatment works con-
structed with grants under this 
chapter. 

There shall be achieved not later than 
July l, 1977, effluent limitations for 
point sources, other than publicly 
owned treatment works, which shall 
require the application of the best 
practicable control technology as 
defmed by the Administtator. 

The etting of the effluent 
limitations will require sjgnlfi· 
cant resources on the part of 
EPA and retained consultants, 
and will draw on the reeearch 
performed pursuant to earlier 
provisions of the Act. 

Mandatory to conduct the 
survey. 

It is mandatory to issue the 
limitations. The numerical 
value of the limitations is to 
some degree within the 
Administrator's discretion. 

Survey must be made annually. 

Effluent limitations must be 
promulgated within one year 
of enactment of the Act. 

.... 
~ 
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Type of Personnel Time Frame .... 
Citation Summary of Statute Implication Mandatory /Discretionary or Deadline ~ 

(b)(2) There shall be achieved not later than (See comment above) Mandatory By July I, 1983. 
July I, 1983, effluent limitations for 
point sources, other than publicty 
owned treatment works, which re· 
quire the application of the "best 
available technology economically 
achievable." 

In the cue of public)y owned treat· 
ment works, all treatment works 
existing on July 1. 1977 must meet 
effluent limitations based upon 
secondary treatment as defined by 
the Administrator. By 1983 such 
works must apply the best practicable 
waste treatment technology as 
def med by the Administrator. 

§303 (a) Each state shall submit water quality State research and adminis- Mandatory for states to sub- Within 180 days after enact· 
standards applicable to lntrutate trative personnel. EPA staff mit standards. ment of the Act. 
waters to the Administrator for his for review of state standards. 
approval. Such standards shall be such 
u to protect the public health or 
welfare, enhance the quality of the 
water and 11erve the pUl'JIOIOS of the 
Act. The standards shall consist of 
designated uses of the waters in-
volved and the water quality criteria 
based upon such uses. 

1304 (b) The Administrator shall publish (See comment to §301) (See comment to Ii 30 I) Effluent limitations must be 
regulations providing guJdellnes for promulgated within one 
effluent limltatlons. The• regula· year of enactment of the Act. 
tlons shall-
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(h) 

§305 

{A) Identify in terms of amounts, 
and chemical, phyllical and 
biological properties of 
pollutants, the degree of effiu· 
ent reduction attainable through 
the use of the best practicable 
control technology currently 
available. 

(B) specify factors to be taken 
into account in determining 
control measwes applicable 
to point sources. 

The Administrator shall promulgate 
guidelines for the pwpo1e of 
acquiring information from owners 
and operators of point sowces sub· 
ject to any state program under 
Section 402 (NPDES program), 
including monitoring requirements, 
reporting requirements and enforce· 
ment provisions, and funding and 
manpower requirements. 

Each state shall prepare (yearly) a 
report which shall include-

(A) a description of the water 
quality; 

(B) an analysis of the extent to 
which all navigable waters of 
such state provide for the pro· -
tection and propagation of a 
balanced popula tlon of shell· 
fish, fish, and wildlife, and 
also allow recreational 
activities in and on the water; 

Prepare guidelines. 

State personnel needed for 
planning and reporting. 

Mandatory 

Mandatory to prepare the 
report. 

(See comment above) 

Annually 

.... 
~ 
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Type of Personnel .... 
Citation Summary of Statute lmpllc:ation Mandatory/Dbcretionary Other ~ 

(D) an estimate of (i) the environ-
mental impact, (ii) the eco-
nomic and social costs necesary 
to aclUew the objecthn of 
this chapter; 

(E) a description or the nature and 
extent of nonpolnt sources of 
pollutants. 

§306 (b) The Administrator lhall publish a list Continuing scientific and Mandatory to iuue the The list must be drawn up 
of categories of sources, Including at economic reeearch required standard•. within 90 days of the enact-
a minimum the 28 categorie1 1peci- within and outlide or EPA. In- ment of the Act. The standardl 
fled In this 1ectlon, and for each direct personnel requirements must be illued within a year 
category promulgate standards or for private Industry to com- of thil date. 
performance for new sources within ply with the standardl. Sub-
that category. 1ectlon (c:) Implies the need 

for state planning and enforce-
(c) Each state may submit to the Ad- ment personnel. 

mlnistrator for his approval a pro-
cedure for applying and enforcing 
standard• of performance for new 
sources. 

§307 The Administrator lhall publish a list Reeearch by EPA; Industry Mandatory to promulgate Standardl mu1t be propoeed 
of toxic: pollutants and shall promul- personnel required for com- the 1tandards. within 270 days after enact-
pte an effluent standard (or prohl>i- pUance. ment or the Act. 
tlon) for each 1uch pollutant. 

§308 The Admlniltrator lhall require the Personnel from private Indus- The extent of the monitoring 
owner or operator of any point try needed for compliance. and reporting requirements 
source to (i) e11abllsh and maintain Is left to the Adminbtrator's 
such records (11) make such reports, discretion. 
(IH) Install such monitoring equip-
ment (u II deemed nece1.,y). 
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§309 The Administrator hu powen of Enforcement penonnel The Administrator hu tome 

enforcement of emission limitations needed by EPA. diJcretion In acting lg&fnst 

and of permit programs. The Admln- violations. 

istrator may, in the event of certain 
violations of the Act, issue an order 
to comply to, or bring a civil action 
against, the violator. 

§311 The Administrator shall promulgate Industry penonnel for com- Mandatory to issue the guide-
regulations for the clean-up of oil pliance; state personnel for lines; the content is within the 
discharged into water. inspection. Administrator's discretion. 

§312 The Administrator shall promulgate EPA and research penonnel. Mandatory to Issue standards. 
federal standards of performance for 
marine sanitation devices. 

§314 Each State shall prepare- State personnel needed for Mandatory for each state to 

(1) an identification and clallification research and enforcement. submit the study. 

according to the eutrophic condition 
of all publicly owned fresh water 
lakes; 
(2) procedures to control sources of 
pollution of such lakes; 
(3) methods to restore the quality of 
such lakes. 

§401 Any applicant for a federal discharge State administrative penonnel Mandatory 
permit (see section 402) must supply needed to review applications 
to the permitting agency a certifica- for certification. 
tion by the state in which the di• 
charge originates that the discharge 
will comply with this Act. 

.... 
'O 
~ 
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Type of Peraonnel .... 
Citation Summary of Statute Implication Mandatory /Discretionary Other ~ 

§402 This section establishes a permit State administratiw peraonnel Mandatory that a permit No deadline specified for 
system (NPDES program) for the dis- needed to prepare and super- system be established. If the submission of state programs. 
charge of any pollutant subject to vile the permit system. EPA state desires to administer its 
the requirements of thla Act. The staff needed to review the own program, and has adequate 
states may submit a program to state permit program. Industry authority to do ao, EPA will 
implement the permit system; if the peraonnel required for com- approve a state program in 
Adminlatrator finds that the state pliance with permit require- lieu of an EPA administered 
program meets certain requirements ments. EPA peraonnel alao program. 
lilted in thls section, the state will needed to formulate stand-
administer the permit program. ards for approval of state 

permit programs. 

§403 The Administrator shall promulgate EPA peraonnel neeclecl for Mandatory Guidelines must be issued 
guidelines bearing on the discharge promulgation of ocean dis- within 180 days of enactment 
of substances into the ocean. No charge aiteria. of the Act. 
permit for a discharge into the ocean 
may be issued except in compliance 
with these guidelines. 

§404 Permits for the dilc:harge of dredged Army Corps of Engineers Mandatory to establish the 
or fill materials into navigable waters penonnel to administer permit program. 
shall be isluecl by the Corps of permit program. 
Engineers, not through the NPDES 
program of §402. 

§405 The Administrator shall illue regula- EPA personnel needed to Mandatory to issue regula-
tions governing the iuuance of formulate regulations. State tions. 
permits for the dilpoal of sewage penonnel needed in the event 
sludge. Any state desiring to admin- of state adminlatration of the 
liter its own permit program for the program. 
disposal of sewage aludp may 111bmit 
to the Adminlatrator a proposed 
permit system. 
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DRINKING WATER QUALITY CONTROL 
(42 USC§300f et seq.-Safe Drinking Water Act of 1974) 

Personnel Development Authorized by the Statute 

Citation 
(Otedu 
sections of 
the Safe 
Drinking 
Water Act) 

§ 1442(b)(3) 

Type of Personnel 
Summary of Statute Implication 

The Administrator ii authorized to Training and education. 
make grants to any public agency, 
educational institution, and any other 
inltitution-
(A) for training persons for occupa­

tions involving the public 
health upect1 of providing 
ufe drinking water; 

(B) to train inspecton and super­
visory per11>nnel to train or 
supervile persons in occupa­
tions involving the public 
health upect1 of providing 
..re drinking water. 

(See comment above) 

Mandatory/Discretionary Other 

Discretionary. The Adminiltra- lndefmite 
tor ii also permitted to choose 
111bjects, funding amount, 
and in1titution1. 

(See comment above) (See comment above) 

.... 
:g 
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Personnel Development Implicitly Required by the Statute 

Citation Summary of Statute 

§ 1412(b)(l)(g) The administrator shall establish 
recommended maximum contami­
nant levels for each contaminant 
(from a list in the statute). 

§ 1412(c)(l) 

§ 1413(a) 

§ 1421(a)(l) 

§ 14"2(a)(l) 

The Administrator shall enter into 
appropriate arrangements with the 
National Academy of Sciences lo 
conduct a study to determine the 
maximum contaminant levels. 

Once the Administrator has ap­
proved a ,tate enforcement plan, the 
state will have primary responsibility 
for the enforcement of the Act. 

The Administrator shall publish pro­
poted regulations for state under­
ground injection control programs. 

The Administrator may conduct re-
1earch relating to prevention of di1-
ea1es and other impairments of man 
resulting directly or indirectly from 
contaminants in water, or to the pro­
vision of a dependably safe supply of 
drinking water. 

Type of Personnel 
Implication 

Research and planning personnel 
in the EPA to set standards en­
forcement and compliance for 
the states. 

Research personnel. 

EPA personnel to review plans 
for adequacy; state personnel 
for enforcement. 

Retearch and planning person­
nel. EPA to establish regula­
tions; enforcement and com­
pliance personnel required for 
the states. 

Medical health and engineering. 

Mandatory/Discretionary 

The numerical value of the 
Standards (which will affect 
compliance personnel) are left 
to the Administrator. 

The Administrator has discre­
tion to determine the consis­
tency of tlie state plan with the 
Act. 

Propoted regulations shall be 
published within 180 days 
after the date of enactment. 

Discretionary. Type of re1earch, 
topic and scope left to the Ad· 
ministrator. 

Other 

The results of the study are 
due by December 16, 1976. 

8 

Copyright © National Academy of Sciences. All rights reserved.

Manpower for Environmental Pollution Control:  A Report to the U.S. Environmental Protection Agency From the Committee for Study of Environmental Manpower, Commission on Human Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=20329

http://www.nap.edu/catalog.php?record_id=20329


§ 1442(a)(4) The Administrator shall conduct a 
study of tho means of control of the 
disposal of waste which may en­
danger existing or potential under­
ground water supplies. 

§ 1442(a)(S)-(9) The Administrator shall conduct 
studies concerning-

§ 1443(a)(l) 

( I) methods of underground injection 
which do not result in the degrada­
tion of underground drinking 
water; 

(2) methods of preventing, detecting, 
and dealing with surf ace con tami­
nant spills which may degrade 
underground drinking water 
sources; 

(3) viral contamination of drinking 
water sources and means of control 
of such contamination; 

(4) determination of the nature, extent, 
sources of and means of control of 
contamination by chemicals or 
other substances suspected of 
being carcinogenic. 

The Administrator may make grants 
to states to carry out public water 
system supervision programs. 

Re1earch and engineering 
penonnel. 

Re1earch and engineering per­
IOMel (§ 1442(a) 1-4). 

Per11>nnel to review applica­
tions in the EPA; enforcement 
penoMel in the states. 

§ 1443(b)(l) The Administrator may make grants Groundwater specialists. 
to the states to carry out underground 
water source protection programL 

Mandatory. Results of the study 
shall be submitted to Congress 
within one year after the date 
of enactment. 

Mandatory(§ 1442(a] 1-4). 

Discretionary. Type of pro­
gram and intensity of super­
vision left to the Administrator. 

~ .... 
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Citation 

§1444(a) 

Summary of Statute 

The Administrator may make grants 
to any person for the purpose of-

(1) assisting in the development and 
demonstration (including construc­
tion) of any project which will 
demonstrate a new or improved 
method, approach, or technology 
for providing a dependably safe 
supply of drinking water to the 
public; and · 

(2) assisting in the development and 
demonstration (including construc· 
tion) of any project which will 
investigate and demonstrate health 
implications involved in the recla­
mation, recycling, and reuse of 
wute water for drinking and the 
proceues and methods for the 
preparation of safe and acceptable 
drinking water. 

Type of Personnel 
Implication 

R .t D personnel and various 
engineering personnel 
( § 1444(al 1-2). 

Mandatory /Discretionary 

Discretionary. Very broad dis· 
cretion u to the type of proj­
ect, field of inquiry and scope 
(§1444(a) 1-2). 

N 

~ 

Other 
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OCEAN DUMPING REGULATION 
(33 USC § 1401 et 1eq.-Marine Protection, Research and Sanctuaries Act of 1972) 

Personnel Development Authoriz.ed by the Statute 

Citation 
(cited as 
sections of 
the Act) 

Subchapter 
I: 
Regulation 

§102 

Subchapter 
II: 
Research 

§201 

Summary of Statute 

This 11ection authori7.es the Adminis­
trator to i.slue permits for the dump­
ing of pollutants at 11ea, upon a fmding 
that the dumping will not unreasonably 
endal'lger human health or the en­
vironment. 

Type of Personnel 
Implication 

The EPA will need personnel 
for research, to set the stan­
dards, and to administer the 
permit program. Industry will 
need penoMel to apply for 
permits and to comply with 
permit conditions. 

Re11earch duties are assigned to the Re1earch 
Secretary of Commerce, and are out-
side the scope of this summary. 

Mandatory /Dilcretionary 

The EPA is required to 11et up 
the permit system. The criteria 
for permits are within the Ad­
ministnitor's discretion. The 
Administrator is required to 
consider at leut the factors 
listed in the statute when re­
viewing an application. 

Other 

Indefinite 

I\) 

e 
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APPENDIX 

B 
Methodology and 
National Data Aspects 

INTRODUCTION 

The Panel's objectives as initially conceived were: (I) the establishment 
of concepts and guidelines which could be considered by the other panels 
in the development of statistical data for assessment of manpower in their 
assigned areas; and (2) the development and analysis of manpower data 
involving the entire spectrum of environmental protection and pollution 
control. 

Neither the existing data nor the time available were sufficient to 
develop a new, unified data system which would permit a satisfactory 
attainment of the first objective. Rather, the Panel examined existing data 
including the several sets of data developed by the other panels for their 
specific sectors. The Panel believes that the underlying assumptions 
adopted by the other panels are similar enough to make possible the 
development of many base estimates and to some extent the presentation 
of selected projections of manpower requirements. 

The second objective bas been partially attained through use of several 
data systems which supplement the segmental data considered by the 
panels in providing overall estimates of manpower, including total 
employment, professional and technical, and doctoral level staff directly 
involved in pollution control activities. Estimates of "indirect" employ-
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ment, i.e., that generated in industries other than those of primary 
expenditures, are difficult to deal with in sectoral approaches but which 
are more feasible through interindustry analysis. Unfortunately, such an 
analysis was not possible at this time. Selected characteristics of scientific 
and technical manpower currently engaged in pollution control are 
available as a by-product of more extensive studies covering the total 
populations of scientists and engineers and of doctorates and are 
presented later in this Panel's report. 

MANPOWER ENGAGED DIRECTLY IN 
POLLUTION CONTROL ACTIVITIES 

Pollution control activities encompass a diverse and complex occupation­
al mix, reflecting the wide range of activities and subjects included. The 
scientific and technical component of this mix includes large numbers of 
engineers engaged in design, construction, and operations; scientists, 
particularly biologists and chemists, employed in research, development, 
and operations; technicians working in drafting, laboratory testing, and 
operations; and managers. There are also large numbers of craft workers, 
operators, clerical and service personnel, and laborers involved in 
research, development, design, laboratory, monitoring, construction, 
operations, and miscellaneous other activities. 

Table B.1 shows estimates of manpower engaged in 1974 directly in the 
principal pollution control activities. These data compiled from various 
public sources, including EPA, NSF, Bureau of the Census, and Bureau 
of Labor Statistics (BLS), should be considered an approximation of the 
number of people engaged in the activity rather than a precise census 
count. They include some who are employed part-time in pollution 
control work, but exclude others who are employed by contractors and 
suppliers, and who are sometimes considered as indirectly employed in 
pollution control activities. The inclusion of such indirect employment 
would likely raise substantially the estimates of pollution control 
manpower, particularly in the industrial sector. Finally, these data do not 
include a substantial number of "certified" pesticide applicators, such as 
farmers (industrial sector) and smaller numbers of persons (other than 
scientists and engineers) in noise and radiation control. 
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TABLE 8.1 Estimated Direct Employment in Pollution Control Activities, 1 Summary Data 1974 

Type of Employer 

Local Educational 
Occupation Federal State Government Industry lnstitu tions Other Total 

Scientists 11,400 3,800 2,200 14,900 5.SOO 3,100 40,900 
Engineers 8,300 5,200 5,700 64,700 1,300 8,800 94,000 
Technicians 1,000 2,000 20,000 25,000 Na Na 48,000 
Skilled operators 4,000 Na 155,000 112,000 Na Na 271,000 
Unskilled, clerical, other 4,000 3,000 147,000 67,000 Na 3,000 224,000 --- -- ---

Total 28,700 14,000 329,900 283,600 6,800 14,900 677,900 

Na Includes those are• for which data were unavailable. 
1 Excludes manpower in the fields of noise and radiation control and pesticide application. 

SOURCE: See text. 

NOTE: This table appears in identical form as Table 4.1 in the Committee report. 
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The development of an aggregate estimate such as shown in Table B.I 
is never an entirely satisfactory exercise. There is always the element of 
mixing data gathered under widely differing assumptions. Also, there is a 
temptation to oversimplify the real complexities of a large-scale manpow­
er demand situation by failing to get beyond the broad perspective such 
an aggregation provides. 

The first two lines of data in Table B. I are based on the 1974 NSF 
National Survey of Scientists and Engineers. The remaining data are 
based on a synthesis of the material provided in the panel reports on the 
federal government, state and local government, and industry and the 
private sector. The data from the 1974 survey have certain limitations, as 
described later in the section on National Information on Environmental 
Manpower. One primary limitation is that the 1974 counts of scientists 
and engineers exclude post-1970 entrants to the science and engineering 
labor force. 

The summary data reveal that by far the largest impact of the pollution 
control program is on local governments and the private industry sector 
of the economy. Federal involvement is substantial however, and 
includes most of EPA, research and administrative work in other agencies 
such as Defense and Agriculture, and the operation of a limited number 
of treatment facilities. State governments are involved primarily at the 
regulatory level, with little research or actual operational responsibility. 
The category of educational institutions is included in the table to 
indicate the size of the teaching and academic research base currently 
available. The "other" category includes employees of nonprofit organi­
:zations and the self-employed. 

Local government employment is largely accounted for by its heavy 
direct involvement in the operation of wastewater collection and 
treatment facilities, drinking water supply activities, and solid waste 
management. 

The total number of people-678,000-directly employed in pollution 
control is substantial, but represents less than I percent of the total U.S. 
labor force of 91 million persons. Thus, even if demand were to double or 
triple during the next decade, no serious disequilibrium in the total labor 
force should result, given prevailing rates of unemployment. Of these 
678,000 workers, nearly 20 percent are scientists and engineers and nearly 
SO percent are skilled operators or technicians. Should future spending 
levels rise to anywhere near those currently being projected by EPA and 
others, then situations of excess demand could develop in selected 
specialties and skill areas. 

Pollution control occupations require levels and types of training that 
range from those required for common labor to those required for 
management or scientific research. In the case of solid waste manage-
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ment, the level of training required for a large segment of the labor force 
is less than completion of high school, while the level required for many 
positions in radiation protection is in the range of a graduate degree. 
Within the fields of water supply and wastewater management, training 
requirements range from high school graduation for operators to a 
college degree for the engineer-manager who supervises the operation of 
a system. 

It appears that the most serious pollution control manpower problems 
are largely at the professional and technical levels. Of course difficulties 
are to be found at the semiskilled, unskilled, clerical, and service worker 
levels, but these problems usually can be solved by competent managers. 

Although scientists and engineers make up less than 2 percent of the 
employed civilian labor force, they represent fully a fifth of those · 
employed directly in pollution control activities. Thus, it is not sufficient 
to compare the expected incremental demand for total pollution control 
manpower with the pool of available workers to determine whether there 
are enough hands with which to do the job. We must also know that there 
will be an adequate supply of highly-trained personnel for specific 
activities. 

INDIRECT EMPLOYMENT 

The estimates of direct employment for pollution controlwere developed 
from a variety of sources. Indirect employment, or employment that is 
expected to result from nonlabor expenditures for pollution control, 
cannot be estimated with existing data and models. The Panel had hoped 
to prepare projections of indirect employment using the BLS model and 
the BLS occupation-industry matrix, but this proved to be impossible 
with the time, resources, and data available. 

There are four major obstacles that prevent estimation of indirect 
employment: (1) annual estimates of future pollution control expendi­
tures could not be projected to the satisfaction of the Panel; (2) final 
demand generated in various industries by pollution control spending 
could not be estimated adequately; (3) input-output coefficients for 
industries with pollution control obligations could not be adjusted to 
reflect changes in production technologies and purchases from other 
industries; and (4) the occupational coefficients reflecting changes in 
industrial occupational structure as a result of pollution control activities 
could not be estimated. 

Copyright © National Academy of Sciences. All rights reserved.

Manpower for Environmental Pollution Control:  A Report to the U.S. Environmental Protection Agency From the Committee for Study of Environmental Manpower, Commission on Human Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=20329

http://www.nap.edu/catalog.php?record_id=20329


Appendix B 211 

The lack of sufficient data meant that whatever estimates might be 
made would be unreliable. Since the Panel did not trust the data, and was 
unwilling to make guesses for unavailable data, even illustrative projec­
tions were not made. This is not to say that other attempts at preparing 
such estimates are necessarily to be discouraged. The Panel was not 
under any compulsion to prepare such projections and did not wish to 
prepare and present projections that it could not believe. 

Even though the Panel did not do projections of indirect employment, 
it believes that such projections are important and should be developed. 
An understanding of the economic and employment implications of 
important public programs such as pollution control requires that 
economic models be used, and consequently these models must be 
expanded to accommodate the study of alternative pollution control 
policies. The Panel does not believe that existing models and data permit 
such evaluation of alternatives. 

Pollution control differs from many other public programs in that it 
influences production technology itself, and not just patterns of final 
demand. If one wishes to examine the consequences of an expenditure 
program that shifts expenditure from defense to health, for example, it 
may be possible to do this simply by specifying the expected changes in 
final demand patterns. In many instances it will be unnecessary to modify 
the input-output or occupational coefficients of the model. Similarly, 
examining the consequences of different levels of expenditure on public 
water treatment facilities can be managed fairly easily in existing models, 
but the public sector ''industry" must be modified to provide a separate 
"water pollution control industry" and occupational coefficients for this 
industry must be developed as well. Pollution control programs are 
economically similar to energy programs in that both the patterns of final 
demand and production technologies are modified by the policy. 
Modeling and the preparation of projections for energy planning, 
however, have been much more explicit in development of economic 
models to project costs and employment effects of energy alternatives. 

The following remarks are an explanation both of why the Panel did 
not use the BLS model to project indirect employment for pollution 
control and how the BLS model might be adapted to permit future 
development of such projections. 

UNCERTAINTY OF LEVEL AND TIMING OF 
EXPENDITURES 

Most experts do not expect the target dates for specified levels of clean air 
and water to be achieved. The period of delay that will be permitted is 
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unknown, as is the amount of expenditure that will be required. As a 
result, no one knows or can even guess accurately what the level of 
pollution control spending will be in any future year. This is not an 
uncommon situation in projections, but it poses a special problem in 
pollution control. EPA has sponsored several studies of the effect of 
specified water pollution control technologies on the investment and 
operating costs of various industries for treatment of wastewater. Thus it 
is conceptually possible to program the levels of treatment to be attained 
at specific dates in the future and to estimate how much would have to be 
spent in the future to achieve these objectives. 

It is doubtful that such projections would be likely forecasts. Some 
industries are apparently delaying construction in the expectation that 
the treatment levels or dates will be changed. Some finns have adopted 
new technologies that change processes so that the end-of-pipe output of 
pollutants that must be treated is reduced. Thus both the timing and the 
level of expenditures expected may be in error. The Panel believes that 
the understanding of behavior and processes is insufficient to permit 
accurate projections of expenditures in industry. The fundamental 
problem is lack of adequate data on what industries are doing and 
planning to do. In energy planning, in contrast, projections, based on 
models developed by Brookhaven National Laboratory and Bechtel, Inc., 
have been made for the demand for energy and for various alternative 
sets of energy facilities required to produce specified levels of energy. The 
direct and indirect economic and employment effects of these alternative 
scenarios can be estimated by models developed by Bechtel and the 
Center for Advanced Computation of the University oflllinois. This is a 
highly complex system in which the original requirements specified do 
not, in general, turn out to be the requirements of the system after energy 
development has been programmed. Therefore a number of iterations 
must be run for the demand and supply models to converge. A similar 
problem exists in pollution control. No simple "requirements" model, like 
the BLS model, can incorporate all of the interactions of supply and 
demand. 

COMPOSITION OF FINAL DEMAND 

If data were available on actual expenditure plans of industry and 
government, aggregate investment expenditures on pollution control 
plant and equipment could be compiled. However, it would still be 
difficult to assign these expenditures in a particular year to a specific final 
demand category. Capital spending consists not only of plant but also of 
equipment, and expenditures for capital by each industry must be 
classified into construction and equipment-supplying industries. Such 
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assignments have been made in various applications, but they are of 
questionable accuracy. 

Once again, the comparison to energy planning is instructive. The 
Bechtel Energy Supply Planning Model includes estimates of direct 
employment coefficients for each of the energy facility categories and 
direct material requirements as well. The material requirements can be 
converted into industry final demand in the BLS model, so that an energy 
construction scenario can be readily converted to a BLS industry final 
demand vector. 

INPUT-OUTPUT COEFFICIENTS 

Not only does pollution control entail capital construction, but it involves 
operating and maintenance costs as well. The industries from which 
operating and maintenance purchases will be made cannot be estimated. 
It seems likely, for instance, that in many industries these purchases will 
be largely energy, chemicals, and direet labor. It would be expected, 
therefore, that the input coefficients for energy and chemicals would be 
increased somewhat as a result of pollution control. Data to permit such 
input-output coefficients are not available. The amount of change in the 
coefficients depends on the rate at which new facilities are actually 
brought into operation and therefore depends on the prior estimates of 
construction. 

The comparison to the energy situation is again instructive. Several 
modes have been developed to modify input-output coefficients to reflect 
conservation or the higher price of energy changes in fuel mix (consistent 
with energy supply models) and the structure of energy producing 
industries themselves. 

OCCUPATIONAL COEFFICIENTS 

Occupational coefficients are derived from estimates of total industry 
production and employment and the estimated occupational employ­
ment in each industry. It is usually assumed that employment in each 
occupation expands or contracts proportionately with employment in the 
industry for different projected production scenarios. Over time, of 
course, the composition of an industry's employment by occupation 
changes. It can be expected that the occupational composition of an 
industry's employment will be changed by the adoption of additional 
pollution controls. The occupational composition of the workers engaged 
in pollution control operations and maintenance will differ from the 
composition of workers engaged in other activities. This change in 
occupational composition must be estimated for a specified program of 
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pollution control. In energy planning, for instance, several attempts have 
been made to develop energy-industry occupational coefficients that 
reflect the projected sets of specific energy facilities that the industries will 
operate. 

The Panel hopes that future efforts to study current and future impacts 
of pollution control programs on manpower will include specific activities 
to measure indirect employment. 

NATIONAL INFORMATION ON 
ENVIRONMENTAL MANPOWER 

In addition to the manpower data collected by the other panels, two 
national surveys were available concerning scientific and engineering 
personnel. These surveys, though having certain limitations (as described 
below), are the only comprehensive sources of data on such personnel 
engaged in pollution control activities. These surveys are the 1974 
National Survey of Scientists and Engineers conducted by the Bureau of 
the Census for the National Science Foundation (called the .. National 
Sample" by NSF)t and the 1975 Survey of Doctoral Scientists and 
Engineers conducted by the National Research Council for the National 
Science Foundation (called the .. Comprehensive Doctorate Roster").2 
They provide selected characteristics of scientists and engineers in 
environmental protection and pollution control and provide a basis for 
estimating total science and engineering employment in these activities. 

tBackground information and data relating to this survey are provided in the following 
publications: 

National Science Foundation. Characteristics of the National Sample of Scientists and 
Engineers. 1974: 

Part I (1975) Demographic and Educational (NSF 75-333). 
Part 2 (1976) Employment (NSF 76-323). 
Part 3 (in press) Geographic; also see: 
U.S. Bureau of the <:ensus (1975) Current Population Reports. Selected Clwacteristic:s 

of Penons in the Fields of Science or Engineering: 1974. Special Studies, Series P-23, No. 
SJ. Washington, D.C.: U.S. Government Printing Office. 
1For background information see National Research Council (1976) Clwacteristics of 
Doctoral Scientists and Engineers in the United States, 1975. SurveyofScience Resources 
Series. Washington, D.C.: National Science Foundation; Washington, D.C.: U.S. Oovern­
ment Printing Office. 
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SCIENTISTS AND ENGINEERS 
IN POLLUTION CONTROL ACTIVITIES 

Information collected in connection with the NSFs 1974 National 
Sample identified approximately 135,000 individuals reporting profes­
sional work devoted to environmental protection and pollution control. 
This is about 12 percent of all persons identified in the survey as scientists 
and engineers. The figure is a minimum one because persons not 
originally included in the 1970 Population Census and a 1972 follow-up 
survey are omitted. Respondents in the survey were asked to indicate 
selected areas of critical national interest to which they devoted "a 
significant proportion of your professional time." Therefore, the count of 
135,000 includes a number of persons spending less than full-time in 
pollution control activities, but also excludes other part-time involvement 
for those indicating another critical national area as significant. Whether 
these separate part-time involvements balance each other is debatable. 
However, the count of 135,000 is a minimum for other reasons: new 
entrants to the science and engineering labor force since 1970 are not 
included; a number of scientists and engineers did not respond to the 
question on areas of national interest; and a number of persons originally 
responding as scientists and engineers in 1970 and 1972 were excluded 
from the National Sample by NSF because they did not meet certain 
criteria. (A considerable number of engineers without degrees were 
excluded.) 

The following tables present summary data on the 135,000 scientists 
and engineers involved in environmental protection or pollution control. 
In these tables two different measures were used to denote areas of 
science and engineering. One was an occupational measure, by which 
certain scientists or engineers could indicate actual employment in 1974; 
for example, as an engineer or chemist, or perhaps as an administrator, 
manager, or even technician (see Tables B.2 and B.3). The other measure 
is a classification by NSF of all persons into several "fields of 
identification" on the basis of training and experience (see Tables B.4 and 
B.5). Thus, Table B.2 shows 80,900 engineers and Tables B.4 and B.5 
show some 94,000 engineers. 

Similarly, in these tables, two measurements were used to indicate 
involvement in a sector of the economy. In Tables B.2 and B.3 the 
scientists and engineers are classified by response as to whether they were 
self-employed or employees of a private company or governmental, 
nonprofit. or international organizat!on. These tables do not indicate 
involvement with educational institutions because the classification is by 
type of employee rather than by type of employer. Other data shown in 
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TABLEB.2 Occupation by Type of Employee for Scientists and Engineers 
in Pollution Control, 1 1974 

Type of Employee2 

Private 
Occupation Buline11 Government All Other3 Total 

Federal State Local 

Engineers Total 54,643 7,999 S,820 S,379 7,059 80,900 

Chemical 8,658 416 91 153 724 10,042 
Civil 8,492 3,628 3,086 3,039 2,267 20,512 
Sanitary 5,847 759 1,674 1,068 1,381 10,729 
Electrical 5,460 156 133 SI 445 6,245 
Mechanical 13,584 999 256 527 1,188 16,554 
Other 12,602 2,041 580 541 1,054 16,818 

Cllemistl and physicists 7,659 1,823 1,195 841 1,072 12,590 

Earth scientists4 607 1,S7S 865 394 713 4,154 

Agricultural scientists 914 S,806 1,792 365 330 9,207 

Biological scientists 771 1,267 2,066 375 992 S,471 

Administrators and managers 12,880 1,009 534 214 1,709 16,346 

All other occupations5 2,452 901 792 718 1,019 5,882 ----
All occupations 79,926 20,380 13,064 8,286 12,894 134,SSO 

1 Peno111 reporting algnillcant profwaloaal time devoted to tbeH actlviti•. 
2Educatloaal lllltltutlolll (cone.- or univeniti•) are c:Jamfted under tbe varloua cat• r.n• by type of control. 

4 Includ• nonprofit or lnternatloaal orpnlzatlOlll, 1elf-4mployed, and no reports. 
lnclud• environmental, marine, and atm01pberic ldentilta. 

5 laclu• IOdal IClentilta, tecbnlc:laJll, t•chen, all other occupetlom, and no report. 

SOURCE: 1974 National Survey of Sclentlltl and Engineers. 
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TABLEB.3 Primary Work Activity by Type of Employee for Scientists 
and Engineers in Pollution Control, 1 1974 

Type of Employee2 

Primuy Private 
Work Activity Bllline11 Government All Other3 Total 

Federal State Local 

UI>Total 21,7S4 6,072 3,248 1,069 3,003 3S,146 

Basic re1earch 746 1,371 642 112 698 3,569 
Applied research 3,068 1,773 1,364 341 SS2 7,098 
Development 8,890 798 SB 111 627 10,484 
Management and 

administration of R&D 9,0SO 2,130 1,184 sos 1,126 13,99S 

Other management and 
administration 16,514 S,484 3,091 2,329 2,768 30,186 

Design 11,498 1,480 S47 901 1,119 1S.S4S 

Teaching 239 232 1,934 346 l,19S 3,946 

Quality control 3,7S4 476 33S 618 121 S,304 

Operations 10,214 1,499 S46 SSS 291 13,40S 

Consulting 6,712 1,606 797 371 3,102 12,588 

All other activities 4 9,241 3,S31 2,566 1,797 l,29S 18,430 ----
All activities 79,926 20,380 13,064 8,286 12,894 134,SSO 

1 Penona reponin1 lipdftcant profwlional time devoted to th ... actMtl•. 
2 Educational inltltutlona (coDe .. or unlvenltt.) are claalflecl undar varioua catesorl• 
by type of control. 
31ncludes nonprofit or international orpnlzationa, ulf-employed, and no reports. 
41ncludes technical writin1, all othw actMtl•, and no report. 

SOURCE: 1974 National Survey of Sclentlata and Enslneen. 
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TABLE B.4 Highest Degree, by Field of Science or Engineering for 
Scientists and Engineers in Pollution Control, 1 1974 

Field of Science or Engineering 

Agricultural and Physical All 
Highest Degree Engineering Life Sciences Sciences Others2 

Doctorate 3,566 3,475 6,555 903 
Master's 19,137 3,824 4,546 1,414 
Bachelor's 67,933 8,657 9,708 1,390 
Other degrees3 1,137 48 38 12 
No degree 2,207 

All degrees 93,980 16,004 20,847 3,719 

!:::.'::::~:::::~~::::in:i:. :::•:.!:.~':: :~·~=· 
3 Includea UIOdated dep'- and no report of desree. 

SOURCE: 1974 National Survey of Scientists and Englneen. 

Total 

14,499 
28,921 
87,688 

1,235 
2,207 

134,550 

Attachment B.11 show employment by kind of business or industry, such 
as chemical, aircraft, educational institution, hospital, and so on. 

In addition to these summary tables, Attachment B.11 includes 
additional data from the National Sample Survey. 

More than 60 percent of the scientists and engineers engaged in 
pollution control, most of them employed in private industry, reported 
their occupations as engineer. Chemists and other physical scientists 
accounted for another 9 percent, again predominantly in industry. 
Agricultural scientists, who represented another 7 percent, were mainly 
employed by the federal government, and biologists at 4 percent were 
employed chiefly in state government. Earth scientists3 were reported at a 
modest 3 percent, mainly in the federal government. About 12 percent of 
the scientists and engineers were employed as managers and administra­
tors. 

These proportions may be compared to those for the more than one 
million scientists and engineers included in the 1974 National Sample 
Survey. Most of the proportions for the total population and the pollution 
control population of scientists and engineers were about the same with 
the following exceptions: less than half of the total population reported 
their occupation as engineer, and smaller ratios were found for agricultur­
al and biological scientists than for those in pollution control. In the total 

INote tbat this 197Sestimatcof16,000correapondawell to the 14,SOOidenlified bytbe 1974 
National Sample Survey. 
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TABLEB.S Field of Study by Field of Science or Engineering for 
Scientists and Engineen in Pollution Control, 1 1974 

Field of Science or Engineering 

Aaricultural and Physical All 
Field of study Engineering Life Sciences Sciences Othen2 Total 

Engineering (Total) 82,813 142 76S 79 83,799 

Chemical 13,118 0 404 0 13,522 
Civil 22,628 0 S4 13 22,69S 
Environmental/ 

sanitary S42 0 0 0 S42 
Electrical 8,590 0 84 SI 8,72S 
Mechanical 20,562 IS 13 0 20,590 
All othen 17,373 127 210 IS 17,72S 

Agricultural and life 
sciences 1,546 14,636 1,811 110 18,103 

Clemistry and 
physics 2,SSS 43 13,534 S1 16,189 

Other physical 
sciences l,2SO 104 4,171 799 6,324 

Social sciences including 
psychology 439 186 67 2,368 3,060 

Allothen3 S,772 964 652 337 7,725 

All fields 94,37S 16,075 21,000 3,7SO 13S,2004 

! Persona reportlna lipiflc:ant prof..tonal time devoted to th- actlvitiel. 
3Jaclud• comput• 1pectalilta, aoclal adentlata, oth• fields, and no report. 
4 Jaclud• no report. 

Total (135,200) exceeds otben In this aerl• owlna to inclusion of 650 penona not re· 
ported by sex. 

SOURCE: 1974 National Survey of Sclendata and Enalneen. 
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population of scientists and engineers larger proportions were employed 
in such occupations as social scientists. in health fields, and as teachers, 
technicians, and technologists. Attachment B.11 presents a distribution of 
scientists and engineers in environmental protection and pollution 
control by field of science or engineering and by more detailed industry 
categories. Table B.11.3 shows that over 29,000 pollution control scientists 
and engineers were employed by construction/engineering firms, 15,000 
were in chemical companies, 6000 in electrical, 7500 in fabricated metals 
and machinery, 7200 in transportation firms, nearly 4500 in public 
utilities, and nearly 7000 of these scientists and engineers worked for 
educational institutions. 

Scientists and engineers in environmental protection and pollution 
control represented about 12 percent of all scientists and engineers in the 
1974 survey population. This ratio varied considerably by occupation. 
Those in the pollution control group were small minorities in such 
occupations as mathematicians, social scientists, and administrators and 
managers. In several other occupations, those in pollution control 
represented sizable proportions of the total, for example, 28 percent of all 
chemical engineers, 19 percent of the chemists, 22 percent of the 
biological scientists, and of course practically all of the environmental 
and sanitary engineers. 

Work activities of scientists and engineers engaged in pollution control 
range from basic research to operations and quality control. Table B.3 
summarizes the principal work activities that were designated as being 
"primary" by the nearly 135,000 identifed in the National Sample 
enumeration. 

Approximately 26 percent (35, 1 SO) report some phase of research and 
development design as their primary activity. Management of R&D (10 
percent), development (8 percent), and applied research (5 percent) lead 
in that order, with basic research accounting for a little less than 4 
percent. A substantial fraction of these scientists and engineers serve as 
managers, with 33 percent reporting this activity, including R&D and 
other management and administration. Design accounts for 12 percent, 
operations represent 10 percent, and quality control another 4 percent. 
The unique nature of pollution control is indicated by the 9 percent 
Oargely in industry and self employment) reporting as consultants. 
Teaching is a primary activity for only 3 percent. 

The proportionate distribution by work activity of the total 1974 
population of scientists and engineers was again similar to that for 
pollution control scientists and engineers with one major exception­
teachi~g, where 8 percent of the total was found. 

Industry leads all other employee categories in each of the activities 
reported, with the exception of basic research and teaching. Federal 
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government employees outnumber other types of employees in basic 
research, although this activity accounts for only 7 percent of all federal 
workers. State government leads in the teaching category because some 
persons on state university staffs are reported here. 

In Tables B.2 and B.3, the horizontal distribution is by type of 
employee and not by employer. Thus, educational institutions are not 
shown separately but are included under state and local governments or 
"all other." In the total population of scientists and engineers, where data 
on educational institutions are separately available, 46 percent of those in 
basic research are employed by educational institutions, compared to 17 
percent by the federal government. Similarly, in the total population 93 
percent of those in teaching are employed by educational institutions, 
compared to under 3 percent for state and local government bodies. 

Academic degree levels are one measure of professional qualifications 
and permit comparison among different occupational groups and 
employers. In Table B.4 the highest academic degrees attained for the 
National Sample survey population are cross-classified by broad field of 
science or engineering. As might be expected, bachelor's degrees 
dominate the distribution with 65 percent of the population; master's 
degrees follow with 21 percent; and doctoral degrees trail with 11 percent. 
Until recently, engineers tended to consider the bachelor and master 
degrees as meeting academic professional qualifications in the engineer­
ing field. The distribution reflects this, since the 1974 population excludes 
entrants after 1970. In terms of fields, physical scientists show the highest 
proportion of doctorates at 31 percent, followed by agricultural and life 
scientists at 22 percent, and engineers at 4 percent. 

These ratios of pollution control scientists and engineers can be 
compared with similar data on the total population as indicated in the 
1974 National Sample population. For all scientists and engineers 
combined, 17 percent reported doctoral degrees, 22 percent master's, and 
58 percent baccalaureates. Thus, the pollution control group has a 
slightly lower level of educational attainment than the total group. The 
proportion with doctorates is lower in pollution control than in the total 
group in nearly every field of science or engineering. 

Table B.5 classifies broad fields of identification according to the field 
of study of highest degree attained. Generally, the higher the academic 
degree attained, the more closely its field of study corresponds to that of 
the current field. The correspondence between field of identification and 
field of study is quite high in all these occupations. For example, 88 
percent of the 94,000 identified as engineers claim their field of study to 
be engineering; 84 percent of the 21,000 physical scientists had physical 
sciences as their field of study; and 91 percent of the 16,000 agricultural 
and life scientists studied in those fields. While there is considerable 
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TABLE B.6 Type of Employer by Employment Specialty for Doctoral Scientists and Engineers in Pollution Control,1 1975 

Employment Speciality 

Physical Earth Agricultural Biological 
Type or Employer Sciences Sciences2 Engineering Sciences Sciences Other Total 

Industry 2,454 937 1,898 191 410 468 6,358 
Educational institutions 766 1,203 823 524 1,300 993 5,609 
Federal government4 410 669 333 522 687 171 2,792 
State government 36 201 107 49 41 89 523 
Local government 30 62 88 0 48 34 262 
Mile. nonprofit institutions 162 140 49 6 157 86 600 
Other employers3 12 0 29 5 18 9 73 -- -- -- -- -- -- --

Total 3,870 3,212 3,327 1,297 2,661 1,850 16,217 

1Persons reportin1 sipificant professional time devoted to these activities. 
21nclude1 environmental and marine sciences. 
31ncludes social sciences, other specialties and no report. 
4 1ncludes U.S. military service. 

SOURCE: 1975 Survey of Doctoral Scientists and Ensineen. 
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latitude within these occupational groupings (as well as the fields of 
study) for mismatches, the conclusion seems clear that predominantly the 
scientists and engineers engaged in pollution control activities carry 
academic credentials in their fields. 

The same high degree of correlation between field of study and field of 
science or engineering exists for the total 1974 population of scientists 
and engineers. Ratios of 80 percent exist for most fields. 

Engineering, however, tends to attract those academically trained in 
other fields, notably the physical sciences, which share a similar academic 
preparation. For example, of the 22,500 whose field of study was 
chemistry, physics, and other physical sciences, 17 percent were identified 
in engineering in 1974. The movement to the physical sciences from 
academic study in engineering appears much smaller, with less than 4 
percent of persons in these fields reporting an engineering field of study. 

The 1974 National Science Foundation Survey also obtained informa­
tion on the geographic location of the scientists and engineers both for 
1970 and 1972. The modal location in both years (in terms of residence) 
was the East North Central States, followed by the Middle Atlantic and 
Pacific States. During the two-year interval, about 6 percent of all 
scientists and engineers made an interregional move; 10 percent of those 
with doctoral degrees made such moves. Demographers indicate that 
both the probability and the distance of moves are positively correlated 
with the educational level. Migration rates of this order can have a 
significant impact on the geographic match or mismatch between jobs 
and people qualified to fill them. 

DOCTORAL SCIENTISTS AND ENGINEERS 
IN POLLUTION CONTROL ACTIVITIES 

The National Research Council (NRq sample survey indicates that 
slightly over 16,000 (6 percent) of the nearly 263,000 employed scientists 
and engineers with doctorates reported devoting .. a significant proportion 
of their professional time" to environmental protection or pollution 
control as of February 1975.4 This is half the ratio of about 12 percent 
obtained in the 1974 National Sample Survey for the total population, 
including all degrees. As in the case of the National Survey, the count of 
persons involved in {>ollution control includes some part-time engage­
ment in this activity, but excludes some other part-time engagement for 
those in other national activities. However, unlike the National Survey 
population, the doctorate population includes all entrants up to 1974. 

As shown in Table 8.6, the principal employment specialties of the 

tSee note 3 above. 
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TABLE B. 7 Primary Work Activity by Type of Employer for Doctoral Scientists and Engineers in Pollution Control, 1 1975 

Type of Employer 

Government 
Educational Nonprofit 

Primary Work Activity Industry lmtitutiom Federal2 State Local lmtitutions Other3 Total 

R& DTotal 4,120 2,810 2,275 290 110 496 15 10,116 
Basic research 334 1,208 593 22 16 113 15 2,301 
Applied research 1,429 1,044 811 78 43 191 0 3,596 
Development 473 15 31 30 0 17 0 566 
Management and administration 

ofR&D 1,884 543 840 160 51 175 0 3,653 
Other management and administration 711 132 152 126 94 33 19 1,267 
Teaching 16 2,399 5 0 0 0 0 2,420 
Quality control 64 13 28 12 8 0 0 125. 
Production 104 0 11 0 0 0 0 ll5 
Comulting 772 25 38 28 11 19 24 917 
All other activities3 571 ~ -1!.! _£ 39 52 ..ll. 1,257 

Total 6,358 5,609 2,79~ 523 262 600 73 16,217 

1 Persons reporting lianiflcant profeuional time devoted to these activities. 
21nclude1 U.S. military service. 
31ncludea no report. 

SOURCE: 1975 Survey of Doctoral Scientists and Enaineera. 
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pollution control doctorates are in the physical sciences (24 percent), 
engineering (21 percent), and the earth sciences (20 percent).5 The 
biological sciences account for 16 percent and agricultural sciences for 
another 8 percent. This distribution compares with the following for all 
doctoral scientists and engineers: physical sciences (19 percent), engi­
neering (16 percent), earth sciences (5 percent), biological and agricultur­
al sciences combined (25 percent). The main reason for the difference in 
distribution is that social scientists are 12 percent of all doctorates. 

Another useful perspective on pollution control doctorates is the 
relationship between the types of their employers and their primary work 
activities. Table 8.7 shows this relationship for the slightly more than 
16,000 doctorates reporting professional time devoted to these activities. 

Industry employs 39 percent of the pollution control doctorates; 
educational institutions (principally colleges and universities) employ 36 
percent; and the federal government, 17 percent. Mostoftheotherwork 
for state and local governments and miscellaneous nonprofit institutions. 
Thirteen percent of those employed in colleges and universities identify 
their occupation as social scientist (included in .. all other" category). 

More than 30 percent of the doctorates work primarily as managers 
and administrators, when R&D management is combined with the "other 
management" category. Unlike the picture of all pollution control 
scientists and engineers provided by the 1974 NSF survey, the doctorate 
survey data show a rather strong division of labor among employment 
sectors. Fourteen percent of the doctorates work primarily in basic 
research, mainly in the four-year colleges and federal government; 22 
percent work in applied research, largely in industry and the colleges; 15 
percent teach; and 6 percent are in consulting (nearly all in private 
industry). , 

The distribution of all doctoral scientists and engineers differs greatly 
from those in environmental activities. Nearly 60 percent of all doctorates 
are employed by universities, compared to 25 percent by industry and 
only 8 percent by the federal government. Doctorates in all fields and 
activities are engaged to a greater degree in teaching (36 percent) and to a 
lesser degree as managers (20 percent) than are those in pollution control 
activities. 

The correspondence between the number of doctorates trained in a 
specific field and the total number of doctorates employed in that field, as 
shown in Table 8.8, ranges from highs of91 percent in chemistry and the 
social sciences to a low of35 percent for those employed in earth sciences. 

1F.arth IC:ienca in the NR.C Doctorate Survey include the marine and environmental 
ICiencea. As in the case of the National Sample Survey, the category of environmental 
llCienc:es refcn to a ditcipline rather than to a field of national interest such u pollution 
conlrol. 
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TABLE B.8 Field of Doctorate by Employment Specialty for Doctoral Scientists and Engineers in Pollution Control, 1 197 5 

Employment Specialty 

Earth Engi-
Field of Doctorate Physics Chemistry Sciences neering 

Physics 32S 40 367 142 
Chemistry 3,119 S62 378 
Earth Sciences2 1 17 1,121 S9 
Engineering 106 S9 268 2,619 
Agricultural Sciences 44 143 14 
Biological Sciences s 142 617 so 
Social Sciences3 1S 34 
All other fields4 12 S9 31 -- -- -- --

Total 437 3,433 3,212 3,327 

1 Persons reporting significant professional time devoted to these activities. 
2Includes environmental and marine sciences. 
31ncludes psychology. 
41ncludes mathematics, other specialties, and no report. 

SOURCE: 1975 Survey of Doctoral Scientists and Engineers. 

Agricultural Biological Social All 
Sciences Sciences Sciences Other Total 

10 19 22 19 944 
34 71 213 4,377 
28 26 4 21 1,277 

30 91 3,173 
922 218 23 12 1,376 
252 2,223 6 203 3,498 
42 39 894 77 1,161 
9 3S 29 236 411 -- -- -- -- --

1,297 2,661 978 872 16,217 

~ 
°' 
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Other ratios of correspondence ranged from 84 percent for those 
employed as biological scientists, 79 percent for engineers, 74 percent for 
physicists, and 71 percent for agricultural scientists. Whether the training 
of scientists and engineers in fields other than that of their employment is 
necessarily inappropriate to the performance of their jobs is a matter that 
must be determined separately. This matter merits further study, 
particularly in the case of the earth sciences, where a wide range of 
doctoral specialties is represented. 

Correspondence between field of Ph.D. and field of employment for 
the total doctoral population differs substantially in some of the fields 
from that for pollution control doctorates. For example, there was an 87 
percent correspondence for physicists and 61 percent for earth scientists 
(the latter almost double the ratio for those in pollution control activities). 

A behavioral characteristic which is closely related to job mobility is 
that of geographic mobility or human migration. The migratory nature of 
Americans has been overplayed by some who correctly point out that 
since the Second World War, about 20 percent of our population has 
moved (changed residence) each year, but who ignore the converse fact 
that 80 percent stay put and that most movers move only a short distance, 
typically within a county. Still, migration patterns are sufficiently 
important in national and regional manpower forecasting that they need 
to be carefully incorporated in forecasting models. 

As has been noted earlier in this report, geographic location and 
behavioral differences in the tendency to migrate for employment are 
possibly important determinants of manpower supply/demand balances. 
One indicator of willingness to make interregional moves is shown by the 
function of pollution control doctorates who remain in the region in 
which they received their degrees: 

Region of Doctorate 

New England 
Middle Atlantic 
East North Central 
West North Central 
South Atlantic 
East South Central 
West South Central 
Mountain 
Pacific 

Average, all regions 

Percent Employed 
in Same Region 

29.8 
39.9 
35.1 
28.7 
51.1 
35.9 
35.8 
39.9 
56.2 

39.1 

On the average, fewer than 40 percent of the doctorates are found to be 
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employed in the same region in which they received their doctoral 
degrees. Two regions that employ more doctorates than they train­
Pacific and South Atlantic-show more than 50 percent of their awarded 
doctorates remained employed within the region. At the other extreme, 
New England and West North Central export more than 70 percent of 
doctorates awarded. It seems to follow that the employment market for 
doctorates is indeed a national one, with both training and employment 
opportunities well diffused among the regions. 

These characteristics of training and employment make possible a high 
level of occupational and geographical mobility. Actual patterns of 
mobility in the labor force are being closely studied by social scientists, 
but the results of such studies remain to be incorporated systematically in 
manpower supply forecasting models. There is evidence that Ph.D. 
scientists, for example, change jobs at a rate of about S percent a year 
even 10 or more years after having received their doctorate degrees.8 

Such important behavioral characteristics must be accounted for in 
forecasting systems. 

THE SUPPLY OF 
POLLUTION CONTROL MANPOWER 

THE DIMENSIONS OF MANPOWER SUPPLY 

In a simple, static conceptual model of the labor market, the concept of 
manpower supply begins with the existing stock of persons in a particular 
occupation or involved with a particular activity. To this stock of persons 
there will be additions from time to time which will tend to increase total 
supply. Among such sources of increased supply would be specific 
training programs geared to produce members of the occupations in 
question. For example, graduates of vocational education programs such 
as mechanics, or holders of certain degrees, such as accountants, 
constitute the specifically trained flow into their respective occupations. 

In addition, almost all occupations are entered by persons who have 
bad training courses or educational experiences in different, but often 
related, fields. Examples of this may be the political science graduate who 

•McGinnis, ll. and J.S. Long (1976) 1be Enduring Ell'ec:ta of Ph.D. Origin: Early Careen of 
Four Cohorts or Scientists. Paper presented at 1be International Sympoeium on Quantita· 
tive Metboda in the History of Science, Berkeley, California. August 25-27. 
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enters social work, or the mechanical engineering graduate whose first job 
is in management. There is a great deal of this type of movement, in part 
because there is always a less-than-perfect match between occupations 
and formal education or training. The difficulty in accounting for 
potential movement of this type and the difficulty in predicting new 
entries from schools to a particular occupation become significant for 
manpower projection studies. The only exceptions are in fields of licensed 
occupations such as medicine or law. 

A third source of new entries to an occupation is from other more or 
less related occupations. As in the case of entries from related training 
programs. it is difficult to predict the exact degree of occupational 
mobility to expect in a given situation. New fields or new occupations 
might tend to draw very heavily on this source until adequate specific 
training sources have been developed. 

Other sources of new entrants to an occupation, such as immigration, 
are not too important in this case. 

Together, the above sources provide all of the members of any 
occupational category. In order to fairly estimate the flow of new 
entrants, each source should be taken into consideration. 

On the other band, separations are always taking place from a set of 
occupations or activities. These separations include transfers to other 
occupations, retirements, deaths, and emigration. Unlike new entries, 
separations tend to be fairly stable and predictable and to depend in large 
measure on retirement and death rates. 

A complete static analysis using this type of model involves estimating 
the stock or supply of persons at a given time, adding the potential new 
entries from all sources, and subJracting all likely separations. The 
resulting estimate of the supply of manpower at some future time can 
then be compared with a separately determined estimate of demand. If a 
severe imbalance seems likely, corrective measures can be suggested to 
assure a better balance between future supply and demand. 

The purpose of the following presentation of supply data is to provide 
approximate figures regarding the flow of new entrants from training 
institutions to the labor market. While this clearly deals with only one of 
the many sources of new entrants to an activity or occupation, it is an 
important one when new or changing technology is involved. The actual 
occupational destination of these new entrants and the distribution in the 
existing labor force depend largely on the relative wages offered by 
industry and government for specialized services. In the long run the 
national pollution control program will have full access to a high quality 
labor force if, and only if, wages for environmental activities are 
maintained at a level equal to or exceeding that offered for general 
manufacturing and service activities. 
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POLLUTION CONTROL OCCUPATIONS 

One general category of workers in pollution control includes those 
assigned to the specific tasks of designing and managing treatment and 
process facilities. This category includes a variety of engineers, specialists 
in environmental or sanitary engineering, scientists, treatment plant 
managers, sanitarians, technicians, health technologists, operators, and 
technical support specialists. Their background training may be multi­
disciplinary in nature and quite specific to existing "end-of-pipe" 
treatment of waste handling and disposal technologies. While clearly this 
group does not include all environmental manpower, it is an important 
group for the efficient management of the pollution control program. It is 
the special expertise of this segment of the labor force that serves to set 
the overall control strategies and to coordinate the activities of many 
other professionals. 

The Panel has made an effort to evaluate the supply situation for these 
occupations. Unfortunately, detailed and reliable data were not always 
available for all occupations directly related to pollution control. 
However, the Panel was able to assemble some data regarding environ­
mental engineers that are illustrative of the manpower supply process. 
This emphasis on environmental engineers is in no way intended to 
minimize the importance of other pollution control professionals. 

11IE CASE OF ENVIRONMENT AL ENGINEERS 

Environmental engineers usually have background educational skills in 
the applied sciences and specific skills in design, waste management, and 
residuals disposal. Data from the NSF National Survey cited above show 
that of all scientists and engineers engaged in environmental protection 
or pollution control, 8 percent classified themselves as sanitary or 
environmental engineers. Although these specifically trained pollution 
control engineers constitute only a small proportion of the nation's full­
time environmental manpower, they are an important element in the 
environmental labor force. They not only provide specific expertise, but 
also facilitate communication among the full team of technical specialists 
necessary for a successful pollution control program. 

According to the NSF data, slightly more than 10,700 engineers 
identified themselves as sanitary engineers in pollution control in 1974. 
Of that number, only about 542 reported their field of study as 
environmental or sanitary engineering. The rest apparently entered their 
professions following academic preparation in civil, chemical, mechani­
cal, or other types of engineering or science disciplines (see Tables B.11.4 
and 8.11.5 in Attachment B.11). The 1974 survey on which this 
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TABLEB.9 Earned Degrees Conferred in Environmental and Sanitary 
Engineering 

Number of 
Bachelor Muter PhD Schools Total 

1964-65 11 130 13 2S 1S4 
196S-66 11 181 23 31 215 
1966-67 17 178 28 27 223 
1967-68 SS 264 38 37 3S7 
1968-69 44 197 34 3S 21S 
1969-70 S2 23S 42 39 329 
1970-71 S4 238 49 39 341 
1971-72 92 3S9 41 Sl 492 
1972-73 187 S21 41 soa 1SS 
1973-74 182 S10 S9 S6 811 
1974-7Sa 216 467 SS 60 738 

-Unpublished data. 

SOURCE: U.S. DHEW {1964-1975). 

infonnation is based used a sample selected from the 1970 Census; the 
total figures do not include any new entrants to science and engineering 
fields since 1970. It is likely that most of those receiving degrees in 
environmental engineering from 1970 to the present are working in the 
environmental field, adding about 3000 to the 1974 figure, based on the 
data in Table B.9 (U.S. DHEW 1964-1975). 

In addition, the pattern of mobility from field of study (Table B.11.5) to 
occupational specialty (Table B.11.4) for older sanitary engineers suggests 
that some of the new environmental engineers could also have come from 
other academic disciplines. Indeed, the historical pattern is for 95 percent 
of the nation's sanitary engineers to hold degrees in fields other than 
sanitary engineering. This fact raises questions regarding the training of 
the existing stock of engineers and suggests the importance of continuing 
education to update the skills of these professionals. 

For these reasons it is fairly certain that the data from the 1974 
National Sample Survey underestimate the number of self-defined 
environmental engineers in this country at the present time. Based on 
these considerations and the data provided in Table B.9, it is estimated 
that the current stock of self-identified environmental engineers may 
reach 15,000, of whom no more than 3500 have either an undergraduate 
or graduate degree in environmerital engineering. 

The future outlook for graduate level degrees in environmental 
engineering programs is suggested by the enrollment data in Tables B.10 
and B.11. Table B.10 shows the level of enrollment in selected 
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TABLE B.10 Graduate Students in Water Pollution Control Engineering1 

Academic 
Year 

1971-72 
1972-73 
1973-74 

1 108 Programs at 105 Schools 

Total 
Students 

2406 
2424 
2211 

SOURCE: Alloclatlon of Environmental Enslneerlng Profeuora ( 1974). 

NewM.S. 
Students in Fill 

1271 
1203 
1108 

TABLE B.11 Swnmary of Responses to 1975-76 Survey of Graduate 
Student Emollments in Environmental Engineering and Environmental 
Science Programs 

Fall 19751 

Total Graduate NewM.S. 
Program Designation Students ~tudents 

All full-time graduate students 
in environmental engineering 1,340 593 

Sanitary Engineering 1,001 448 

Air pollution 141 59 

Solicl Wutes 14 4 

Industrial Hygiene 5 1 

Radiological Health 7 2 

Environmental Control 21 13 

Environmental Design 
and Manqement 18 6 

Other 133 60 

All full-time graduate students 
in environmental science 434 173 

All full-time graduate students 
in water resources 266 108 

All part-time graduate students 
in any or the above programs 1,091 301 

1Data II cumulative from 106 responses out of a total of 122 programs contacted. 

SOURCE: Jewell, W. J. and M. S. Swltzmbaum (1976) Tnndl In F.arollment In F.a~ 
ronmental F.aglnema1and Related Ar .. : 1975-76 SurYey. Unpubllabed paper. 
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environmental engineering programs during the 1971-1974 period. These 
tables also show a decline in new enrollments from the 1971 peak of 1271 
to 862 full-time enrollments in 1975. However, as Table B.9 shows, both 
the number of institutions involved and the number of degrees granted at 
all levels continued to expand through 1975. The apparent growth of 
part-time study will tend to prevent any drastic reduction in the number 
of degrees granted over the next several years, particularly if there is 
sustained demand from employers. Finally, the striking increase in the 
number of bachelor-level degrees in environmental engineering (from 111 
in 1965 to 216 in 1975) suggests that undergraduate programs may in the 
future make substantial contributions to the supply of environmental 
manpower. 

Table B.11 shows that in addition to the 593 new full-time enrollments 
there were 301 new part-time candidates for the master's degree in 
environmental engineering and science programs. This represents 25 
percent of the 1163 actual new enrollments for 1975. Also, Table B.11 
indicates that 35 percent of the 3131 students enrolled in these programs 
were part-time. This suggests that young professionals in entry-level 
positions in environmental agencies were upgrading their skills through 
advanced-level study. Part-time study also implies that individuals and 
their employers are assuming the costs of training programs. Such 
commitments reflect both careful individual assessment of local career 
opportunities and a sensible mode of financing professional education. 

It is difficult to assess the adequacy of the supply of environmental 
engineers to meet future requirements. On the one hand. the number of 
graduates from graduate level environmental engineering programs, 
about 500 in 1975, seems small for the nation's ongoing commitment to a 
cleaner environment. On the other hand. in the past a considerable labor 
market adjustment has occurred to meet actual demand. The supply of 
new entrants from formal training programs has been augmented by 
transfers from related occupations. The workings of this adjustment 
process have increased the stock of environmental engineers well beyond 
those produced by the schools. 

TIIE CASE OF ENVIRONMENTAL TECHNICIANS 

The manpower situation for technicians and operators is analogous to the 
situation for environmental engineers. That is, the existing supply of 
manpower is large and consists of those with a combination of formal 
education and on-the-job training. As demand expands, new entrants are 
attracted from other fields and more experienced workers move up to 
positions of greater responsibility. In the field of water and wastewater 
treatment. formal training programs are especially important for both 
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TABLE 8.12 Enrollment in Vocational Education by Instructional Program and Year, 1969-1979 (Projected) 

Year 

1969 1970 1971 1972 1973 1974 1979 
Instructional Program (Projected) 

Environmental control technology 2,559 2,035 2,956 4,634 6,603 6,031 10,000 
Air pollution technology 356 1,173 763 390 2,000 
Water and wastewater technology 169 802 1,483 1,298 3,837 6,000 
Environmental health 2,998 1,401 1,785 2,254 5,000 
Automotive mechanics and technology 130,373 135,982 181,224 235,817 283,172 315,612 515,000 
Agricultural production 645,377 584,757 557,633 564,155 561,868 552,441 522,000 

SOURCE: U.S. Omce or Education (1972-1974). 
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TABLE B.13 Enrollments and Completions in Vocational Education by 
Instructional Program and Level for Fiscal Yeu 1974 

Total Complo-
Enrollments Enrollments tiom 

Poat· Other 
Instructional Program Secondary Secondary Adult 

Emiromnental control 
technology 297 3,829 1,905 6,031 1,420 

Air pollution technology 122 268 390 192 
Water and wastewater 

technology 755 3,082 3,837 2,620 
Emironmental health 365 1,293 596 2,254 526 
Automotive mechanics 

and technology lH,686 49,277 84,649 315,612 77,270 
Agric:ultural production 328,713 17,673 206,055 552,441 63,545 

SOURCE: U.S. Offlce of Education (1974). 

new and experienced workers because state certification requirements for 
operators have become almost universal as a quality control and public 
health measure. 

At the technician level there are a number of formal training routes for 
facility operators and other skilled workers in pollution control occupa­
tions. One such route is the vocational education system operating in all 
parts of the United States. Another route is through community college 
systems, which in many localities are responsive to specialized training 
requirements. Tables B.12 and B.13 provide the dimensions of vocational 
education in pollution control training in recent years. EPA does not 
fund these programs nor have any significant direct involvement in their 
planning or oversight. For the most part. they are ongoing programs at 
local educational institutions and are subject to local labor market 
conditions and institutional policies. 

Table B.12 indicates that the number of persons enrolled in environ­
mental control technology courses of study leveled off by 1974, and the 
number enrolled in air pollution control programs declined rather 
precipitously after 1972. On the other hand, there were increases in 
enrollments for water and wastewater technology and environmental 
health programs in the same period. 

Enrollment data for agricultural production and automotive mechan­
ics and technology have been included to indicate the number of trainees 
in these fields who can be reached for special environmental education by 
the vocational education system. For example, information on new motor 
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vehicle air pollution control devices or regarding pesticides application 
could quickly reach as many as half a million young workers expected to 
be enrolled in each of these programs by 1979. 

Table B.13 indicates that little direct pollution control technology 
instruction is delivered at the secondary level. Most of the programs are 
aimed at young adults or older workers. On the other hand, a large 
segment of automotive and agricultural training takes place in secondary 
schools, suggesting that efforts to introduce special environmental 
training to these areas should place heavy emphasis on the high school 
level. 

Another important source of such occupations as sanitarians, health 
technologists, and other operators and technicians for pollution control is 
the community college structure. In the field of wastewater treatment 
EPA has funded an extensive series of pilot programs and curriculum 
development projects for community colleges. These projects have 
provided the necessary information for rapid expansion oflocal operator 
training programs. Unfortunately, a reliable national data base indicating 
past or current levels of community college activity in environmental 
fields is not available. 

OTHER OCCUPATIONS DIRECTLY RELATED TO 
POLLUTION CONTROL ACTIVITIES 

The diverse specialists who work either alone or with the environmental 
engineer, treatment plant operator, or environmental program manager 
constitute another general category of pollution control workers. 

More than 80 percent of the total of almost 135,000 scientists and 
engineers in pollution control activities in 1974 belonged to one of 10 
broad occupational groups: civil engineers, mechanical engineers, 
electrical engineers, chemical engineers, sanitary (environmental) engi­
neers, agricultural scientists, biologists, managers, chemists, and earth 
scientists. It is the preparation and orientation of this group of workers 
that is perhaps most important in terms of the technical quality of the 
national environmental effort. 

The remaining 17 percent of the scientists and engineers came from a 
predictably wide variety of occupations. Of this number, a small 
proportion represent manpower· in a series of highly specialized fields 
vital to the pollution control program. These fields include epidemiology, 
aquatic and general toxicology, health physics, limnology, and meteorol­
ogy. While the numbers of persons competent in these fields and working 
on pollution control are not large, they are especially significant for the 
successful operation of the environmental program. 

Copyright © National Academy of Sciences. All rights reserved.

Manpower for Environmental Pollution Control:  A Report to the U.S. Environmental Protection Agency From the Committee for Study of Environmental Manpower, Commission on Human Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=20329

http://www.nap.edu/catalog.php?record_id=20329


Appendix B 

THE NATIONAL SUPPLY OF SCIENTIFIC 
AND TECHNICAL WORKERS 

237 

It is difficult, if not impossible, for a study focused on one national 
program, environmental pollution control, to assess the various demands 
which will be placed on the members of all of these general scientific and 
engineering occupations in the future. The continued availability of high 
quality manpower in science and engineering to the environmental effort 
is a function of the overall supply of workers in these fields, the number of 
competing demands from other national priorities, and the degree to 
which appropriate financial resources are allocated to pollution abate­
ment. Still, the Panel considers that these issues should be addressed so as 
to clarify the factors involved and to emphasize the fact that questions of 
environmental manpower policy should ·not be addressed outside the 
broader context of overall human resource management and policy. 

The National Center for Education Statistics has projected a fairly 
steady ftow from most scientific and technical degree programs over the 
next decade (U.S. DHEW 1975). Tables B.14, B.15, and B.16 present, by 
broad category, possible graduates from bachelor's, master's, and 
doctoral degree programs. These data indicate that between 1974 and 
1984 a total of nearly 600,000 new degrees will be granted in engineering, 
281,000 in physical sciences, and 476,000 in the biological sciences. By 
any measure this is a sizable ftow of potential new skilled workers to the 
job market. They join a stock of over 1 million engineers and over 600,000 
scientists (Bureau of Labor Statistics' estimates) already employed in 
1974. 

The magnitude of the current and prospective supply is, however, only 
a part of the problem. An important issue facing those charged with 
evaluating the demand and supply of environmental manpower is not 
only missed, but is largely obscured, by the data presented above. That 
issue relates to the quality and efficiency, i.e., the long-run cost­
effectiveness, of the environmental program as it is now envisioned. 
There is no evidence one way or the other that all positions in pollution 
control programs are or will be filled by persons fully qualified and 
prepared for their responsibilities. Expenditure levels and timing of 
expenditures are important when considering the total pool of manpower 
availability, but they are equally as important in considering the technical 
expertise that must be developed to maintain a viable research and 

. development program, an experienced cadre of competent design 
engineers, and a viable industry capable of providing modernized 
hardware for new designs. 

Unfortunately, society has been led to believe that if the level of 
expenditures and the timing can be properly coordinated, any level of 
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TABLEB.14 Earned Bachelor's Degrees, by Field of Study: United States, 1961-62 to 1983-84 ~ 
Natural Sciences and Miscellaneous Fields Clo 

Total 
natural Com-
sciences puter Aari- Other 
and Mathe- and culture buli-
misccUa- ma tics inf or- BlolCJlt- and Health and 
neous and mation Enst- Physical cal natural pro- Account- manaae- Educa-

Yeu fields 1taliltlcs sciences men111 sciences sciences resources fellions ina ment lion Other 
(I) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) 

1961-62 265,884 14,570 36,070 15,851 16,694 6,546 12,973 11,353 40,786 95,983 lS,058 
1962-63 277,804 16,078 34,972 16,217 18,849 6,748 13,944 11,880 42,156 100,909 16,051 
1963-64 303,377 18,624 37,014 17,457 22,454 6,947 13,421 13,675 45,523 110,559 17,703 
1964-65 321,811 19,460 87 38,514 17,859 24,872 7,377 15,444 14,886 48,169 116,529 18,614 
1965-66 322,508 19,977 89 37,971 17,129 26,565 7,863 lS,848 14,903 48,736 115,173 18,254 
1966-67 337,587 21,207 222 38,696 17,739 28,483 8,636 16,541 1S,S93 54,418 117,482 18,570 
1967-68 375,677 23,513 459 40,541 19,380 31,429 9,215 18,170 17,922 62,670 132,087 20,291 
1968-69 427,646 27,209 933 45,517 21,480 31,989 10,965 20,230 20,032 74,SOl 148,554 23,236 
1969-70 466,440 27,442 1,544 49,678 21,439 37,031 12,382 22,141 21,183 84,871 161,904 26,825 
1970-71 493,966 24,801 2,388 50,046 21,412 35,743 12,672 25,226 22,099 93,428 176,571 29,580 
1971-72 521,650 23,630 3,370 50,310 20,400 37,230 13,640 28,420 24,800 97,030 190,850 31,980 
1972-73 557,210 25,470 4,130 48,740 21,650 40,300 14,730 30,830 27,530 104,800 204,250 34,780 
1973-74 566,810 25,800 4,610 47,180 21,400 40,840 14,710 32,610 30,250 105,110 208,530 35,770 

Projected 

1974-75 561,030 25,670 5,060 39,970 20,990 40,750 14,640 35,690 32,270 104,710 205,480 35,800 
1975-76 552,320 25,190 5,350 36,180 20,080 39,960 14,110 36,640 33,750 101,380 203,960 35,720 
1976-77 558,390 25,420 5,840 35,940 19,900 40,350 14,lSO 37,660 35,810 101,900 205,100 36,320 
1977-78 568,950 25,730 6,380 40,060 19,930 40,990 14,340 38,750 36,340 103,400 206,060 36,970 
1978-79 572,380 25,710 6,780 43,130 19,640 41,070 14,280 39,SOO 36,240 103,210 205,540 37,280 
1979-80 577,950 25,890 7,320 44,840 19,670 41,540 14,450 40,180 36,670 104,570 205,120 37,700 
198o.81 583,240 26,040 7,900 46,700 19,560 41,910 14,560 41,180 36,940 105,420 204,930 38,100 
1881-82 582,160 25,870 8,340 48,550 19,290 41,780 14,500 41,620 36,820 105,200 202,170 38,020 
1982-83 572,860 25,370 8,650 48,540 18,760 41,120 14,240 41,790 36,170 103,460 197,270 37,490 
1983-84 566,4 70 25,010 9,050 48,720 18,380 40,660 14,070 42,020 35,730 102,330 193,380 37,120 

SOURCE: U.S. DHEW (1975). 
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TABLE B.15 Earned Master's Degrees, by Field of Study: United States, 1961-62 to 1983-84 

Natural Sciences incl MilceU.neo111 Fields 

Total 
natural Com· 
sc:lcncea puter Agri- Other 
and Mathe- and culture bllllneu 
mlscella- matlcl lnfor- Biol• and Health and 
neou1 and ma lion Engl- Phylical cal natural pro- Account· manqe- Educa-

Year fleldl staliltica ac:iencea neerina sc:lcncea science• reaou,_ feulona Ina ment lion Oilier 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (Ii) (12) (13) 

196Hi2 65,817 2,680 8,953 3,913 2,642 1,721 1,632 511 4,890 35,728 3,147 
196Hi3 69,941 3,320 9,666 4,115 2,921 1,601 2,011 499 5,439 37,276 3,093 
1963-64 76,839 3,625 10,857 4,555 3,296 1,682 2,279 530 5,983 40,376 3,656 
1964-65 84,253 4,196 146 12,093 4,906 3,600 1,695 2,494 617 7,073 43,323 4,110 
1965-66 100,340 4,769 238 13,717 4,977 4,233 2,034 2,833 862 12,280 49,905 4,492 
1966-67 111,140 5,278 449 13,986 5,405 4,996 2,119 3,436 1,024 14,086 55,155 5,206 
1967-68 125,185 5,527 548 15,247 5,499 5,506 2,234 3,736 1,137 16,964 62,927 5,860 
1968-69 136,331 5,713 1,012 15,372 5,895 5,743 2,496 4,065 1,333 18,279 70,231 6,192 
1969-70 148,108 5,636 1,459 15,723 5,935 5,800 2,197 4,488 1,083 20,516 78,275 6,996 
1976-71 165,608 5,191 1,588 16,443 6,367 5,728 2,457 5,749 1,097 25,447 88,716 6,825 
1971-72 180,600 5,190 1,850 16,650 6,160 6,100 2,660 7,120 1,380 28,560 97,730 7,180 
1972·73 184,520 5,210 1,900 16,420 6,080 6,190 2,670 7,450 1,390 28,840 101,080 7,290 
1973-74 193,870 5,410 2,000 16,640 6,160 6,450 2,750 7,960 1,440 29,930 107,530 7,600 

Projected 

1974·75 200,230 5,510 2,080 16,800 6,210 6,610 2,810 8,360 1,470 30,840 111,750 7,790 
1975-76 203,620 5,550 2,140 16,780 6,170 6,680 2,850 8,680 1,490 31,370 114,070 7,840 
1976-77 208,720 5,640 2,230 16,940 6,210 6,800 2,910 9,060 1,520 32,240 117,210 7,960 
1977-78 214,180 5,740 2,330 17,160 6,270 6,940 2,970 9,450 1,560 33,240 120,440 8,080 
1978-79 218,900 5,820 2,420 17,350 6,300 7,040 3,040 9,830 1,590 34,050 123,270 8,190 
1979-80 222,260 5,870 2,500 17,400 6,300 7,100 3,080 10,170 1,620 34,660 125,330 8,230 
1986-81 224,670 5,880 2,550 17,430 6,270 7,130 3,110 10,490 1,630 35,110 126,850 8,220 
1981 ·82 226,940 5,910 2,620 17,400 6,260 7,160 3,140 10,800 1,640 35,490 128,290 8,230 
1982·83 227,280 5,890 2,670 17,300 6,190 7,130 3,140 11,020 1,640 35,680 128,480 8,140 
1983-84 225,350 5,780 2,690 17,000 6,060 7,010 3,110 11,170 1,630 35,410 127,500 7,990 

~ 
SOURCE: U.S. DHEW (1975). 'O 
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TABLE 8.16 Earned Doctoral Degrees, by Field of Study: United States, 1961-62 to 1983-84 ~ 
c:> 

Natural Sciences and MlsceUaneous Fields 

Total 
natural Com· 
ICiencn puter Aari- Other 
and Mathe- and culture bUnea 
milcelJa- matif:I lnfor- Biolosi- and Health and 
neous and mation Ellli- Phyac.1 cal natural pro- Account· manqt- Educe-

Yeu fields ltaliadcs aclencel '*rinl aclences Ide- - re111ona Ina ment lion Other 
(I) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) 

1961-62 8,250 396 1,216 2,122 1,338 576 148 27 205 1,867 355 
1962-63 9,073 490 1.385 2,380 1,455 552 157 23 235 2,056 340 
1963-64 10,190 596 1,705 2,455 1,625 668 192 21 260 2,330 338 
1964-65 11,843 682 6 2,133 2,829 1,928 657 173 32 297 2,682 424 
1965-66 13.047 782 19 2,315 3,045 2,097 716 251 34 368 3,034 386 
1966-67 14,614 832 38 2,619 3,462 2,255 771 250 43 411 3,526 407 
1967-68 16,306 947 36 2,933 3,593 2,784 800 243 33 427 4,076 434 
1968-69 I 8,465 1,097 64 3,391 3,859 3,051 886 283 40 506 4,793 495 
1969-70 21,007 1,236 107 3,691 4,312 3,289 1,004 357 56 566 5,830 559 
1970. 71 22,306 1,199 128 3,638 4,390 3,645 1,086 466 61 749 6,398 546 
1971-72 22,780 1,130 170 3,660 4,090 3,650 970 440 50 950 7,040 730 
1972-73 23,060 1,040 220 3,380 4,330 3,600 930 390 60 950 7,420 740 
I 973-74 22,650 1,000 270 3,320 4,040 3,350 830 470 60 1,060 7,500 750 

Projected 

1974-75 23,230 970 340 3,340 3,820 3,400 850 470 60 1,180 8,040 760 
1975· 76 24,230 980 410 3,330 4,040 3,580 910 510 60 1,220 8,390 800 
1976-77 25,610 880 500 2,940 3,980 3,720 960 710 60 1,320 9,680 860 
I 977· 78 26,220 890 490 2,980 4,030 3,770 960 720 70 1,330 10,100 880 
1978-79 26,320 890 490 2,980 4,040 3,780 970 730 70 1,330 10,160 880 
1979-80 26,960 920 500 3,060 4,140 3,870 1,000 740 70 1,370 10,400 890 
198o.81 27,430 950 520 3,170 4,300 4,010 1,040 760 70 1,420 10,260 930 
1981-82 27,750 960 530 3,200 4,350 4,060 1,060 780 70 1,440 10,350 950 
1982-83 28,310 990 540 3,270 4,430 4,150 1,080 790 70 1,470 10,560 960 
1983-84 28,960 1,010 560 3,350 4,530 4,240 1,120 810 70 1,500 10,790 980 

SOURCE: U.S. DHEW (1975). 
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technology can be provided. It takes years to develop the speciality 
designer, to translate science into workable technology, and to develop a 
manufacturing capability with the expertise to maintain a viable product 
line. 

CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSION A 

Review of available manpower analyses summarized in this report leads 
the Panel to conclude that no major numerical imbalances between 
pollution control manpower demand and supply are likely to develop 
during the coming decade. However, this apparent balance in the 
environmental labor market may obscure serious deficiencies in the 
training of some persons already holding environmental positions or 
likely to be hired in the near future. The available data do not permit a 
definite conclusion about this issue which the Panel deems to be of 
substantial importance. 

Significant needs for training over the next decade will be in continuing 
education (from short courses to degree-credit instruction), on-the-job 
training, workshops and seminars, extension education for adults, and 
other activities designed to reach those persons in positions of pollution 
control responsibility who need specialized and current information in 
order to perform effectively. Further, there is little evidence in EPA's 
current and immediate program plans of a coordinated effort to stimulate 
the development of better qualified manpower. 

RECOMMENDATION A 

• Strong collaborati've efforts on the part of EPA, state and local 
governments, industry, and educational institutions to improve the quality of 
workers should be given highest priority by EPA as the only organization able 
to provide national leadership in training and education. 

Full-time education for entry-level pollution control positions should be 
mpported only where careful and active collaboration exists among 
employers and educational institutions. This collaboration, while enhancing 
the quality of the training delivered, could be facilitated by the use of 
cooperative education, summer jobs, and part-time jobs as an integral part of 
the training process. 
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The Panel recommends also that EPA undertake and/ or support a series 
of studies conceming the performance-efficiency of scientists and engin«n 
employed in pollution control. These studies should be done especially for 
those whose field of training does not match their employment field The 
employment fields of earth, marine, and environmental sciences would be 
appropriate subjects for initial study. 

CONCLUSION B 

The Panel concludes that EPA's efforts in manpower assessment, 
planning, and forecasting are far less comprehensive and sophisticated 
than are needed. This deficiency, in the view of the Panel, is caused less 
by the general competence of the operating-level employees than by the 
lack of leadership at top levels of the Agency. 

RECOMMENDATION B 

• The Panel recommends that an agencywide manpower and education 
planning unit be established and staffed with manpower and education 
specialists, labor economists, and others with specific competence in this field 
Parts of the manpower planning and analysis Junction could be supported by 
EPA. but carried out elsewhere in the Federal Govemment or in qualified 
nongovemmental organizations. This effort should be supported by a fally­
qualified advisory committee including social scientists and manpower 
planners. This committee must possess the expertise to advise the Agency on 
both broad theoretical areas and technical methodology for manpower and 
educational planning. The establishment of a procedure to continually 
monitor and update the manpower projections and assumptions that are 
developed should be high among the priorities of this EPA planning staff. 
This unit should also serve as a "clearinghouse" for information on pollution 
control manpower and education. 

Further, the Panel recommends that EPA's leadenhip give serious 
consideration to provision of a definite, funded program for human resource 
planning and to support of necessary educational and training programs. 
These efforts should be supported at both national and local levels. 

CONCLUSION C 

A number of agencies could assist EPA in the area of manpower and 
education planning if more active cooperation were realized. These 
agencies include the Bureau of Labor Statistics, the National Science 
Foundation, and the Bureau of the Census. Similarly, EPA could realize 
substantial benefits by becoming more actively involved with the training 
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organi7.ations and educational programs already operating under the 
auspices of the Departments of Agriculture, Labor, and Health, Educa­
tion, and Welfare. 

RECOMMENDATION C 

• The Executive Branch soon ought to establish and support an 
interagency coordinating committee for environmental manpower and 
education affairs. The purpose of such a group would be to coordinate the 
requirements and standards of the operating agency (EPA.) with the 
expertise, facilities, organization, and other resources of the supporting 
agencies (Labor, Office of Education, National Science Foundation, 
Agriculture, etc.). The committee could also serve as a focal point for the 
exchange of information on manpower and education in pollution control 
activities. 

Similar committees should be fostered by EPA. at regional and state levels 
for the same purpose. 

CONCLUSION D 

Large-scale, comprehensive manpower models have not been developed 
and used by EPA. As a result, the Agency has been denied a potentially 
effective tool in the overall manpower planning process. One specific 
shortcoming of current projection models is the tendency to overlook the 
behavioral characteristics of the manpower system. Among the many 
relevant characteristics that are not taken into account are the propensity 
to migrate for employment purposes and the educational and occupation­
al differences in this geographic mobility. Also, for reliable projection 
purposes, current models which are generally national in scope should be 
convertible for application to specific regions. 

RECOMMENDATION D 

• The manpower planning unit described in Recommendation B would 
have the responsibility and the expertise to use existing models and to develop 
new ones for the purpose of initiating sound human resource planning for 
emironmental protection. 

EPA. should move to incorporate an effective and clearly defined manpower 
component into Agency economic planning models. In order to be most 
useful the manpower component should be industry- and occupation-specific 
and should be applicable to all of the media or types of pollution covered. 

This manpower modeling effort should be monitored periodically, should 
include collaboration with other federal agency efforts, and should use 
nongovernmental advice and assistance. 
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EPA should continue to encourage the development of state and local 
expertise in manpower planning for pollution control. Howner, the degree of 
emphasis to be placed on local planning should be directly related to 
behtniora/ characteristics exhibited by various elements of the labor force, 
such as geographic mobility. 

ATTACHMENT B.l: 
CONCEPTUAL AND 
METHODOLOGICAL 
CONSIDERATIONS 

SCOPE OF STUDIES OF ENVIROMENTAL MANPOWER 

Several major dimensions are useful in delineating the scope of 
environmental manpower studies. The list of pollutant agents covered by 
governmental regulation is one dimension. This list is long and growing. 
For practical purposes, it could be limited to the inclusion of the 
presently listed set of pollutants and those scheduled for imminent 
addition. 

Another main dimension corresponds to sectors of the national 
governmental-economic complex. The division between governmental 
and private sectors is important in understanding both pollution 
production and control. In terms of production, the governmental sector 
is relatively insensitive to the economic forces of either the micro- or 
macroeconomic type. For this reason, governmental manpower demand 
can be treated as a component of the final demand vector in an input­
output analysis. Both governmental and private sectors will participate in 
pollution control, with a greatly increasing role to be played by state and 
local governments in accordance with the present national policy of 
administrative decentralization. It is because of these separations of roles 
in pollution production and control that the direct manpower estimates 
of the Committee were assigned to the panels on industry and private 
sector, state and local, and federal requirements. 

A dimension crosscutting the above is that of control technology. · 
Similar technologies are applicable to different pollutant agents and, of 
course, in different economic sectors. The precise mix of technologies that 
will be required by pollution control plants throughout the nation in the 
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target year is a difficult matter to predict. The resources of this Panel have 
not permitted detailed studies of particular technologies or their 
usefulness, and previous studies available leave much to be desired from 
a manpower perspective. 

THE NATURE OF DEMAND PROJECTIONS 

Projections of manpower demands based largely on legislative considera­
tions are of necessity highly conditional. Any manpower projections 
depend on a set of assumptions about the general performance of the 
national economy. Some of these assumptions are certainly subject to 
sizable ermrs over the projected period. For example, it usually is 
assumed that certain "optimum achievable" levels of unemployment will 
exist in target years; however, experience suggests that the achievement 
of particular specified levels is not to be taken for granted. The set of 
conditions assumed to hold in the general economy should be kept in 
mind when considering any demand figures. 

General economic conditions may diverge smoothly and continuously 
from the assumptions of the projections. However, a different set of 
conditions assumed in the projections could vary in a discontinuous and 
important manner. Even an unforeseen legislative or intraagency policy 
change could be expected to have implications for the demand for certain 
environmental occupations far in excess of any anticipated general 
economic fluctuations. 

The importance of policy assumptions to the accuracy of projections 
should not be considered a reason to discount the value of projections. 
The purpose of projections is to provide an early warning of possible 
supply and demand imbalances based on the best information now 
available. Less hurried and more complete preparation for handling any 
imbalances may be permitted by this early warning than by more 
accurate short-term projections at later dates. Quick adjustments of 
projections on the basis of policy changes can only be handled with an 
on-going assessment procedure such as the one proposed for EPA 
consideration in a later section of this report. 

Several different ways to make conditional demand forecasts might be 
considered. One is to use expenditure projections previously prepared 
elsewhere as the basis for derived manpower projections. The second is to 
directly evaluate the manpower required to implement legislated levels of 
control, using engineering studies and surveys of current control 
operations. The panels concerned with p~rticular sectors of the economy 
have found it expedient to use a mix of the two approaches in producing 
estimates. · 
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SUPPLY PROJECTIONS 

The difficulties of developing useful projections of manpower supply are 
greater than those associated with demand forecasting. The main 
problems concern cross-elasticities of supply and the informal nature of 
the qualifications required for many jobs. As a practical matter only data 
on formal qualifications such as educational credentials are likely to be 
available to manpower forecasters. The Panel has reached the conclusion 
that the actual qualifications required in all but professional, technical, 
and scientific jobs are so diffuse that supply constraints will be relatively 
unimportant at the manpower levels required by current implementation 
plans. 

In the case of technical and scientific occupations, necessary job 
qualifications are more definite, and correspond in large part to formal 
educational credentials. The Panel, therefore, has examined the pool of 
degree holders available for scientific and technical employment in the 
target year under the assumption that no special programs will be 
initiated to increase or decrease supply. This approach permits at least a 
partial determination of the need for such programs. 

Since many scientific and technical environmental occupations are 
open to persons possessing general scientific or technical credentials, it 
was necessary to obtain an estimate of the size of the general pool of 
qualified individuals. This estimate was obtained from NSFs 1974 
National Survey of Scientists and Engineers. The specific distribution of 
credentials possessed by individuals reporting environmentally-related 
employment formed the basis for the transformation of occupational 
requirements to credential requirements. 

OPERATING ASSUMYTIONS 

As mentioned earlier, the lack of uniform data availability and other 
factors have combined to present special problems for this Panel in 
developing a common approach to the use of the data. In addition, there 
are many differences in mandated requirements for various segments of 
environmental control. 

The Legal Panel covered in some detail the enabling legislation that 
directs the federal government in fulfilling these requirements. It is 
evident that there is little uniformity in the mandated timetables to reach 
the objectives of various laws. 

For example, the Water Pollution Control Act, the Oean Air Act, and 
the Safe Drinking Water Act contain specific compliance dates that are 
tied to certain legislative objectives and requirements. The enabling 
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legislation for solid waste management, noise control, radiation control, 
pesticides, and other pollution control efforts either is not specific in 
terms of the time to reach objectives or does not provide the basis for a 
viable operating program. 

Also, the relative amount of effort committed to various environmental 
control programs varies substantially. To some extent these variations 
reflect administrative decisions and therefore are susceptible to some 
flexibility. However, because the major aspects of activity needed for 
water pollution control, air pollution control, and drinking water 
improvement are generally agreed upon, the amount of flexibility is 
limited. 

Theoretically, it should be possible to use the present laws (particularly 
those containing timetables) to establish a data base and make reason­
able projections. In this study, as in all others, there are several reasons 
why conclusions must be qualified and assumptions must be made 
despite the uncertain constraints offuture events. 

The Water Pollution Control Act is a good example of the special 
problems inherent in making manpower projections. The Act contains 
three fundamental dates that the Congress felt would, on a progressive 
and identified basis, lead to the ultimate objective of clean water in the 
nation's streams by 1985. The first two of these dates, July I, Im, and 
July I, 1983, contain specific parameters of performance in the public and 
private sectors in order to reach the stated degrees of water quality. Both 
dates are tied to enforcement obligations based on these parameters. On 
the other hand, the ultimate goal of eliminating the discharge of 
pollutants into navigable waters by 1985 is not reinforced in the Act by 
precise performance requirements that provide for the attainment of that 
goal. As a result, the requirements to reach the objectives of 1977 and 
1983 are reasonably well understood, but the 1985 goal is not. 

In order to meet the deadlines, Congress felt that the existing subsidy 
program for construction of publicly-owned treatment facilities needed 
to be continued with increased funding. The Act contained what 
Congress felt were adequate amounts of supporting funds to meet the 
deadlines. In actual implementation of the Act, however, it soon became 
apparent that the estimates were grossly deficient. The deficiencies are of 
such magnitude that it is impractical to assume that such monies will be 
available within the specified deadlines or even for some time later. Lack 
of funds will cause many municipalities to be in violation of the 
compliance requirements of the Act at the time of the July I, 1977, 
deadline. 

Congress anticipated the need for a mid-course reassessment and in the 
Act created the National Commission on Water Quality to provide a 
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study that could be used to guide Congress in making needed adjust­
ments. That report has been submitted to Congress and will be 
considered in the coming months. All of this leads to the admission that 
some changes are expected in the Act and that these changes in some way 
will affect the deadline dates as related to identified quality of water in the 
nation's streams at any future point in time. 

Similar problems have been experienced in the compliance timetables 
for the Clean Air AcL The Safe Drinking Water Act is too new to make 
intelligent guesses as to the extent of timing problems that may occur. 

In considering useful approaches for making projections, the Water 
Pollution Control Act is again cited as an example. At one end of the 
scale, the most stringent case may be considr.red. That could be 
interpreted to be the 1985 goal of elimination of discharges of pollutants 
into navigable waters. As mentioned earlier, the detailed parameters to 
measure this goal are not yet developed. However, if one interpretation is 
that all discharges will be eliminated, i.e., all municipalities and industries 
will operate closed systems, then the situation would, indeed, be 
stringent. Because of many pragmatic factors, such as seriously reducing 
the volume of flow in many streams if all discharges are ceased, it is clear 
that some changes in the eventual interpretation of the 1985 requirements 
will be necessary. Therefore, the most stringent case is not a viable one. 

Some kind of analysis could be made for the 1977 and the 1983 
requirements, and in both instances there are varying degrees of 
uncertainty. One thread of generally agreed-upon understanding is that 
the 1977 requirements for secondary treatment for publicly-owned 
treatment facilities and best practicable control technology for industrial 
discharges are fairly well developed and substantial progress has been 
made toward the planning, design, and, in many instances, the construc­
tion of facilities. That, plus the uncertainties of the 1983 requirements, the 
1985 goals, and the recognition that it will be several years after 1977 
before 1977 requirements, as translated into concrete and steel, will be 
functioning, lead this Panel to the following conclusions. 

It will be of most value to extend manpower estimates into the mid-
1980s, but the projections must realistically be based on something less 
than the ultimate objectives of the enabling legislation. In the case of the 
Water Pollution Control Act, the most understood and best developed 
planning and implementation procedures are based on the 1977 require­
ments. Because it will be some years after 1977 before the results of the 
requirements can be evaluated, the mid-1980s isareasonabletargetdate 
for the projections to be meaningful. Similarities in the interpretation of 
legislation and implementation exist in the other areas of environmental 
control. 
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LIMITATIONS OF MANPOWER FORECASTING 

Anyone who ventures seriously into the literature on manpower 
projections, whether in this country or in other western nations, comes 
away much chastened and with a greater appreciation of the efficiency of 
"unplanned" labor markets as an allocation device. Even a casual survey 
of the literature yields an impressive list of forecasting failures, particular­
ly for occupations with extensive educational requirements. No nation 
has yet mastered the complex task of meshing medium-term economic 
predictions (themselves subject to considerable uncertainty) with the flow 
of individuals through the educational system (Ahamad and Blaug 1973). 
The available policy options in this country provide information about 
future labor market needs to individuals and institutions (e.g., the BLS 
occupational outlook forecasts) and to certain forms of pricing interven­
tion, such as providing fellowships in areas of high demand. 

The implications of these remarks for the present project are twofold: 
first, the supply-demand projections presented in this report must be 
viewed as tentative and highly likely to be proven inaccurate in 
retrospect; and second, the links from these projections to policy 
variables and hence to changes in the behavior of individuals and 
institutions are, at best, poorly understood. These problems are by no 
means unique to this project, but are a candid assessment of the current 
state of the art (NSB 1976, Freeman and Breneman 1974). 

In spite of these difficulties with forecasting, there is a continual 
demand for projections as a guide to various decisions that must be made 
at the federal, state, local, institutional, and individual levels. Given that 
some of the more serious errors of early forecasts are not likely to be 
repeated (Breneman 1975), decisions are probably better made now with 
projections than without them; consequently, the demand for projections 
is not irrational. Uncritical use of any given forecast, however, would be 
unwise, and the environmental manpower projections are presented in 
that spirit. A few observations on the specific issues involved in our 
forecasts may be helpful. 

DEMAND 

From an economic standpoint, the difficulties with the BLS input-output 
modeling approach are well known. The underlying system of linear 
equations entails an assumption of constant returns to scale in produc­
tion (i.e., in order to double output, all inputs must be doubled); the 
fixed-coefficient methodology entails an assumption of no substitution 
among inputs; and technology is assumed constant over time (or 
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judgmental adjustments in input-output coefficients are made, a proce­
dure clearly subject to error). In short, input-output models take a 
snapshot of the economy and use the measured production relationships 
to project future demands, abstracting from the dynamic adjustments 
that actually occur. 

Similar remarks may be made about the industry-occupational matrix 
that translates activity levels in the economy into demand for individuals 
with specific levels and types of education. The dynamics of behavioral 
responses to changing labor market conditions, both at the corporate and 
individual levels, are not captured. Thus, substitution among people with 
different levels and types of education is not handled by the fixed­
coefficient approach, although such a<ijustments continually occur within 
the economy. 

The merit of the BLS approach, however, is that in rough terms it 
captures the interactions within the economy among producing sectors. 
Thus, it generates a consistent and feasible set of production possibilities 
which take into account not only the direct effects of a shift in 
production, but also the secondary and tertiary effects that occur in other 
sectors. (One of the principal reasons for the use of linear equation 
systems in these models, although they may not describe the economy 
precisely, is the need to simplify in order to find a mathematical solution.) 
The gains made possible by input-output models, even with the necessary 
simplifications, more than compensate for the problems introduced by 
those simplifications (Bezdek 1974). 

A second and more pragmatic reason for relying on the BLS model for 
projections is simply that it is .. the only game in town." Unles,, 
policymakers are prepared to ignore the indirect employment effects of 
environmental legislation (and the Panel was not willing to do so), there is 
no realistic alternative at this time to the BLS methodology, subject to the 
limitations mentioned. 

SUPPLY 

The analysis of supply has policy significance primarily for those jobs 
that require specific educational backgrounds that cannot routinely be 
provided on the job. As occupational requirements become more 
complex and demand more formal schooling, the problem oflag-time in 
the response of individuals and educational institutions becomes critical. 
If a substantial number of people must be trained in multi-year programs, 
and if the possibilities are limited for substitution from the existing supply 
of scientists, engineers, and technicians, bottlenecks can occur. 

The major weaknesses in the methodology of supply projection are 
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caused by inadequate understanding of the factors that influence career 
choice and subsequent field-switching. The U.S. Office of Education, for 
example, produces annual projections of future supplies of baccalaureate, 
master's, and doctoral degree holders, but these projections are little 
more than mechanical extrapolations of past trends and do not 
incorporate behavioral components. Recent trends in advanced degree 
enrollments and degrees awarded in physics, chemistry, and engineering 
suggest that a substantial behavioral response on the part of students and 
universities does exist; graduate enrollments have dropped by more than 
30 percent in these fields from their 1960s peak, and the number of Ph.D. 
degrees awarded in these fields has declined steadily in recent years. 
These abrupt reversals in growth trends were missed by all manpower 
forecasters (Freeman and Breneman 1974). 

Perhaps the best advice one can provide on the subject of supply 
projections is that highly specialized fields should be monitored continu­
ously so that adverse trends can be offset rapidly. The stage has not yet 
been reached where sole reliance can be placed on projections. 

MANPOWER PROJECTION METHODS1 

Projections of future national and regional manpower needs are required 
for advance planning to meet future requirements. In particular, those 
responsible for planning and funding education and training programs 
require reliable information about future manpower needs early enough 
to provide necessary programs. Realistic projections of anticipated 
specialized manpower demands are particularly needed in pollution 
control fields. 

Manpower needs in the future depend on the economic, fiscal, 
technological, industrial, and demographic conditions which will exist 
during the forecast period and manpower projections must of necessity 
be based on assumptions or conjectures of these future conditions. Some 
of these assumptions are discussed below. Few long-term manpower 
projections stand up when measured against later facts, nor is this always 
their primary purpose. As noted, manpower models such as that used by 
the Bureau of Labor Statistics, estimate broad categories of manpower 
requirements that are insufficient to evaluate the pollution control 
specialities required to solve relevant problems. An alternate approach is 
to evaluate specific functions that must be performed to meet statutory 

11be teeliom on projection methods and projection problems were prepared by the Panel 
on Federal Aspects. Owing to the broad pertinence of the material, that panel generously 
agreed to its use here. 
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requirements and then to project, by employment category, the special­
ized manpower requirements to perform these functions. 

PROJECTION MODELS 

Manpower projection methods using computerized solution of mathe­
matical models are available to evaluate the impact of economic, 
technological, and demographic factors on manpower requirements. A 
good example is the Manpower Projection Method used by the Bureau of 
Labor Statistics. These methods can provide appraisals for the conditions 
which are assumed for the future years. Any disparity between assumed 
future conditions and actual future conditions would produce a commen­
surate error in the manpower projections. Reliability of these manpower 
projection methods depends, therefore, on the selection of correct inputs 
from a wide range of possible assumptions about predicted national and 
regional trends and outlooks. 

EMPLOYER SURVEYS 

Other published manpower projections have been based on surveys of 
prospective employers regarding their future hiring plans and expected 
anticipated opportunities for employment. These are necessarily based on 
individual perceptions of economic conditions and evaluations of future 
trends. Analysis of these replies can provide a fair appraisal of future 
manpower demands in the short run during periods of relatively stable 
economic, fiscal, and political conditions. Projections have been wrong 
when these conditions change after the survey date. The reliability of 
results depends on these actual future conditions, which cannot be 
confidently forecast. Also, summations of future hiring plans include 
duplicative needs of individual employers. 

ECONOMIC MODEL FOR PROFESSIONAL LABOR MARKET 

Freeman and Breneman (1974) have developed a simple economic model 
for professional. labor markets, with emphasis on the supply aspect, based 
on student career decisions, experienced personnel decisions, employer 
decisions, salary determinations, university responses, and government 
responses. Hollomon et al. ( 1975) report applications to national 
engineering enrollments and also report successful applications to other 
professional labor markets-law, physics, M.B.A.s, and accountants (see 
also Cain et al. 1973). Forecasts of the Ph.D. labor market, using 
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Freeman and Breneman•s market adjustment model, differ sharply from 
other forecasts. 

INTRINSIC LIMITATIONS 

The following comments on probable pitfalls and assumptions underly­
ing manpower projections are not intended as a comprehensive critique 
and evaluation of the manpower projection model currently used by the 
Bureau of Labor Statistics. Rather, they serve as an indication of the 
limitations on manpower projections in general, especially in relation to 
the accuracy of, and confidence in, future projections of pollution control 
manpower requirements. 

First. predicting the future is at best a combination of luck, history, and 
perhaps an uncanny capacity to integrate into the projection model all 
influential variables and the prospective changes in each one. Obviously, 
the nature and quality of assumptions underlying the model are 
especially important. 

Second. a manpower projection model deals primarily with the 
estimation of future manpower projection requirements and usually has 
relatively little concern for the supply side of the manpower equation. 
This results in emphasizing the relationship between economic factors 
(expenditures) and derived employment futures generated by varying the 
basic assumptions after available facts and data are integrated into the 
model. This lack of attention to the supply side is perhaps the major 
concern in considering pollution control manpower. 

And third, manpower forecasts are necessarily based on assumptions 
about the "future world .. in which the employment will occur. These are 
discussed in the sections on assumptions and examples below. 

Because of these intrinsic limitations, manpower projections published 
by the Bureau of Labor Statistics (U.S. Department of Labor [OOL) 
1969. 1971) and most other sources include: (I) warnings that results 
should be interpreted with caution; (2) shortcomings of techniques used; 
(3) the many assumptions used in the projections; and (4) the possible 
errors introduced by disparity between assumed and actual future 
conditions. 

With these constraints, confidence limits cannot be quantified. 
Frequently. users of these projections do not heed the warnings that 
results should be used with caution and some do not even realize that 
published forecasts are based on a series of assumptions. suppositions, 
and surmises. 
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ASSUMPTIONS OF FUTIJRE CONDmONS 

Some of the assumptions that influence manpower projections relate to 
predictions of a long list of contributing. but indeterminate, factors such 
as: 

(I) population growth, distribution, and changing composition; 
(2) related growth of various industries; 
(3) effects of technological change; 
(4) economic, fiscal, and social factors; 
(5) employment rate, GNP; and 
(6) political factors. 

Several of the preceding factors depend upon such things as decisions by 
political leaders regarding adjustments to the economy by fiscal policies, 
government spending levels, and tax structure. 

ERRORS OF OMISSION 

A critical analysis of labor market forecasting techniques and past 
forecasting failures is provided by Freeman and Breneman (1974). Four 
serious errors of omission were noted: (I) failure to consider individual 
responses to market conditions; (2) absence of wage-price phenomena 
from computations; (3) failure to evaluate the consequence of major 
policy variables on market outcomes; and (4) failure to take account of 
the interrelations and feedback processes governing the market. 

AN EXAMPLE OF PITFALLS 

Many assumptions of future conditions cannot be forecast with 
confidence and actual later facts often prove earlier assumptions wrong. 
One example of unfulfilled premises that led to overly-high manpower 
projections is the Bureau of Labor Statistics report on Tomorrow's 
Manpower Needs (U.S. OOL 1971) which used the following assumptions 
about the economy: (I) international climate will improve; (2) institu­
tional framework of the American economy will not change radically; (3) 
economic, social, technological, and scientific trends will continue; (4) 
fiscal and monetary policies will achieve a satisfactory balance between 
low unemployment rates and relative price stability; (5) all levels of 
government will join efforts to meet a wide variety of domestic 
requirements; and (6) problems posed by air and water pollution and 
solid waste disposal may require an increasing amount of the nation's 

Copyright © National Academy of Sciences. All rights reserved.

Manpower for Environmental Pollution Control:  A Report to the U.S. Environmental Protection Agency From the Committee for Study of Environmental Manpower, Commission on Human Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=20329

http://www.nap.edu/catalog.php?record_id=20329


Appendix B 255 

productive resources but will not significantly dampen our long-run 
potential rate of growth. 

The report was careful to warn that disparity between the actual and 
assumed conditions would cause a corresponding discrepancy between 
actual manpower needs and the projections made in an earlier year. 
Actual developments were indeed somewhat different from optimistic 
1969 conjectures. The 1969-1976 period experienced the oil embargo and 
greatly increased energy costs, at least a temporary recession (politically 
impossible to project in a government forecast), lowered governmental 
funding for research and development after 1969 (measured in constant 
dollars), and lagging funding for pollution control facilities. These and 
other factors produced higher unemployment rates and 1976 manpower 
requirements significantly lower than the 1969 projections in this sample. 

PROBLEMS IN POLLUTION CONTROL 
MANPOWER PROJECTIONS 

LACK OF SPECIFICITY 

The manpower projection model used by the BLS contains occupational 
groupings of several major engineering categories: aeronautical, chemi­
cal, civil, electrical, industrial, mechanical, metallurgical, mining, and 
other technical engineers. Also present in the model as projection 
.. output" are broad categories of natural scientists, including chemists, 
agricultural scientists, geologists, geophysicists, and biological scientists. 
There is also a large category of engineering technicians. These long­
range future projections of professional, scientific, and technical man­
power requirements do not help in reliably defining the proportion, 
nature, and specific jobs workers .will be doing in the areas of research, 
management, and administration of pollution control efforts. 

A question may be raised about whether an aggregate, macro­
analytical approach is adequately detailed to project specific manpower 
requirements in a given employment area. This would seem to place 
greater weight on "grass roots" analysis of job content, workforce 
availability, and quality at the micro-occupational level. This latter 
approach simply asks initially about the type of work or jobs necessary to 
achieve a given level of pollution control at a point in time. This 
orientation may result in the estimation of a future manpower require­
ments scenario for bridging the gap between currently available pollution 
control manpower, its use, and future manpower needed to achieve a 
given pollution control objective. As noted in Appendix C, the rudiments 
of a manpower projection methodology for pollution control (micro-
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manpower planning) have been initiated by the EPA Office of Water 
Programs. 

INADEQUATE DATA BASE 

The data base for pollution control manpower projections is inadequate. 
The complex interrelationship of federal, state, and local efforts to 
coordinate the funding and administration of pollution control programs 
virtually forces a decentrali7.ation in efforts to measure and project 
needed manpower. Moreover, the variation in the occupational structure 
of pollution control employment requires, for reliable manpower projec­
tions, detailed occupational information that is current and cumulative. 
It might also be noted that the current capability of manpower projection 
models to capture the dynamics of job mobility and unplanned shifts in 
occupational structure-and therefore, future employment-is limited. 
Generally, the composition of pollution control employment, and staffing 
decisions at the agency and field level, may be so much a function of 
budgeted (available) expenditures and shifting program priorities that 
long-run (S- to l~year) manpower projections are not realistic. 

ABSENCE OF OCCUPATIONAL DETAIL 

It is important to stress the absence of occupational detail inherent in 
most, if not all, manpower projection models. The BLS model, for 
example, uses an occupational classification system that is based more on 
socioeconomic status of the work force rather than on actual work 
performed (job content). Therefore, it is obvious that this model can tell 
little about the education, training, and compensation for jobs required in 
the future. Many manpower projection specialists have underscored the 
need for occupational data to be reformulated; collected, and classified in 
a manner more accurately reftectingjob requirements, skills, responsibili­
ties, educational requirements, and vocational training. Other researchers 
suggest the need for greater emphasis on "more analytical investigations 
of market phenomena-supply and demand elasticities, changes in 
salaries for workers of a given quality, and various forms of supply 
behavior such as retirement, occupational job mobility, and career 
choices" (Cain et al. 1973:84). This methodology is discussed briefly 
above in the section, "Economic Model for Professional Labor Market." 
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UNCONFIRMED ASSUMPTIONS 

As discussed above, some of the economic assumptions underlying most 
projection models tend not to be realistic-for example, the full 
employment assumption of 3 or 4 percent unemployed during the 1970s. 
As a matter of fact, recent employment rates are lower than the BLS 
projecuons for most occupations since unemployment has been over S 
percent during the early 1970s. Also, the extended recession of 197~1976 
and the apparent low-level, long-range economic activity for the rest of 
the decade suggest a substantial gap between projected pollution control 
employment and the actual jobs available and funded in the area of 
pollution control. ':'his particular economic assumption is made even 
more unrealistic by the recent cutbacks in state i:nd local employment 
due to budget-revenue squeezes. 

ALTERNATIVE PROJECTIONS 

The reliability of any manpower projection can be evaluated only at the 
end of a forecast period. Meanwhile, the confidence limit placed on any 
projection is an indeterminate. One approach would be to make a series 
of projections, each based on a different set of inputs, regarding future 
assumed contributing factors. Published projections would give "high," 
"middle," and "low" estimates, together with the sets of assumptions 
used. These alternative projections would show the indeterminate nature 
of the method to those using the forecasts. Moreover, assumptions could 
be continually matched against actual conditions as they develop during 
the forecast period. · 
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AITACHMENT B.11: 
STATISTICAL TABLES FROM 
1974 NATIONAL SAMPLE SURVEY OF 
SCIENTISTS AND ENGINEERS 
AND 
1975 SURVEY OF DOCTORAL 
SCIENTISTS AND ENGINEERS 
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Tables Compiled from the 1974 National Survey of Scientists and Engineers 

8.11.1 Field of Science or Engineering by Sex, Age, and Highest Degree for 
Scientists and Engineers in Pollution Control, 1974 

8.11.2 Field of Science or Engineering by Type of Employer for Scientists 
and Engineers in Pollution Control, 1974 

8JI.3 Field of Science or Engineering by Kind of Business for Scientists 
and Engineers in Pollution Control, 1974 

8.11.4 Occupation by Type of Employee for Scientists and Engineers in 
Pollution Control, 1974 

8.11.5 Field of Study of Degree by Field of Science or Engineering for 
Scientists and Engineers in Pollution Control, 1974 

8.11.6 Primary and Secondary Work Activity by Type of Employee for 
Scientists and Engineers in Pollution Control, 1974 

8.11.7 Mobility of Scientists and Engineers in Pollution Control, 1972-74 

Tables Compiled from the 197 5 Survey of Doctoral Scientists and Engineers 

8.11.8 1975 Employment Specialty by Sex and Age for Doctoral Scientists 
and Engineers in Pollution Control, 1975 

8.11.9 Type of Employer in 1975 by Employment Specialty for Doctoral 
Scientists and Engineers in Pollution Control 

8.11.10 Primary Work Activity in 1975 by Employment Specialty for Doc­
toral Scientists and Engineers in Pollution Control 

8.D.11 Primary Work Activity by Type of Employer for Doctoral Scientists 
and Engineers in Pollution Control, 1975 

8.11.12 Geographic Mobility from Region of Doctoral Institution to Region 
of 1975 Employment for Doctoral Scientists and Engineers in Pollu­
tion Control, 1975 

8.11.13 Field of Doctorate by 1975 Employment Specialty for Doctoral 
Scientists and Engineers in Pollution Control, 1975 

811.14 Age and Years of Professional Experience by Type of Employer for 
Doctoral Scientists and Engineers in Pollution Control, 1975 
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TABLE 8.11.1 Field of Science or Engineering by Sex, Age, and Highest Degree for Scientists and Engineers in Pollution 
Control,1 1974 

Field of Science or Engineering 

Computer Life Physical Environmental Social 
Specialists Engineers Mathematicians Scientists Scientists Scientists Scientists Total 

Sex 
Male 490 93,767 602 IS,260 IS,618 4,231 2,333 132,301 
Female IS 213 4S 744 782 216 234 2,249 

Age 
under 2S 0 14S 0 11 11 0 0 167 
2S-29 Sl 8,299 98 1,971 1,436 427 263 12,S4S 
30-34 162 13,9SO 141 2,662 2,702 613 SS1 20,787 
3S-39 IS4 14,729 Ill 2,8Sl 2,483 689 401 21,418 
40-44 61 13,112 163 2,412 2,409 891 432 19,480 
4S-49 SI IS,623 42 2,291 2,639 411 294 21,3Sl 
SO-S4 13 12,703 SI l,S31 2,010 780 348 17,436 
SS-S9 0 8,SlS 26 l,28S l,S76 1!40 8S 11,927 
60-64 13 4,14S IS 606 743 171 187 S,880 
65 and over 0 2,759 0 384 391 25 0 3,559 
MEDIAN (2) (3) (2) (3) (3) (3) (3) 
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H41hest Degree Obtained 
5,029 1,526 723 14,499 Doctorate 41 3,566 139 3,475 

Master's 227 19,137 298 3,824 3,227 1,319 889 28,921 

Bachelor's 237 67,933 198 8,6S7 8,119 l,S89 955 87,688 

Associate's 0 92S 0 0 0 0 0 925 
Other degree 0 212 12 48 25 13 0 310 
No degree 0 2,207 0 0 0 0 0 2,207 

-- --
Total sos 93,980 647 16,004 16,400 4,447 2,S67 134,550 

1 Persons reporting significant professional time devoted to these activities. 
2Median age 35.39 
3Median age 40-44 

SOURCE: 1974 National Survey of Scientists and Engineers. 

~ .... 
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TABLE B.11.2 Field of Science or Engineering by Type of Employer for Scientists and Engineers in Pollution Control, 1 1974 

Field of Science or Engineering 

Computer Life Physical Environmental Social 
Type of Employer Specialists Engineers Mathematiciani Scientists Scientists Scientists Scientists Total 

Educational institution 26 1,322 89 2,879 1,112 711 693 6,832 
Federal government 4S 8,301 119 7,217 1,943 l,S99 479 19,703 
State government 13 S,241 12 2,S22 627 46S 136 9,016 
Local government 3S S,6S1 26 764 890 377 149 7,898 
Other government 33 l,6S7 0 36 200 36 0 1,962 
Nonprofit S3 l,21S S2 291 S87 19S so 2,443 
Industry or business 300 64,6SO 336 1,867 10,402 738 942 79,23S 
Self employed 0 S,106 0 239 499 297 118 6,2S9 
Military or no report 0 367 13 41 37 0 0 4S8 
Not employed 0 464 0 148 103 29 28 744 

- -- -- -- -- -- -- ---
Total sos 93,980 647 16,004 16,400 4,447 2,567 134,SSO 

1 Persons reporting significant professional time devoted to these activities. 

SOURCE: 1974 National Survey of Scientists and Englneen. 
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TABLE B.11.3 Field of Science or Engineering by Kind of Business for Scientists and Engineers in Pollution Control,1 1974 

Field of Science or Engineering 

Kind of Computer Life Physical Environmental Social 
Business Specialists Engineers Mathematicians Scientists Scientists Scientists Scientists Total 

Chemicals 33 10,060 3S 13S S,16S 23 0 1S,4Sl 
Electrical 208 S,203 107 14 356 0 116 6,004 
Fabricated metal 16 6,993 13 0 4S2 13 12 7,499 
Transportation 33 6,64S so 12 398 24 S2 7,214 
Ordnance 0 1,300 0 0 172 0 0 1,472 
Petroleum 0 2,564 0 12 494 104 0 3,174 
Primary metals 0 3,228 12 0 413 0 0 3,6S3 
Other industry 0 4,736 2S 189 1,304 30 lOS 6,389 
Colleges 13 1,176 89 2,S6S 1,027 626 642 6,138 
Junior colleges 0 0 0 143 12 8S 2S 26S 
Medical education 0 0 0 14 140 0 13 167 
Other education 13 146 0 2S7 0 0 13 429 
Heal th services 0 lSS 0 140 229 12 43 S19 
Construction/engineering 13 28,1S3 0 77 2SO 449 12S 29,067 
Mining and petroleum 0 1,067 0 23 so 274 107 1,521 
Public utilities 17 4,041 2S S1 289 49 13 4,491 
Government S3 8,S3S 64 2,248 l,3S3 789 S20 13,S62 
All other 106 9,978 227 10,118 4,296 1,969 781 27,47S 

- - -- -- -- -- ---
Total sos 93,980 647 16,004 16,400 4,447 2,S67 134,SSO 

1 Persons reporting significant professional time devoted to these activities. 

SOURCE: 1974 National Survey of Scientists and Enpneera. ~ 
~ 
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TABLE B.11.4 Occupation by Type of Employee for Scientists and Engineers in Pollution Control, 1 1974 

Type of Employer 

Private Nonprofit Federal State Local Self-
Occupation Company Institution Government Government Government Employed Other Total 

Engineers (Total) S4,643 1,3S4 7,999 S,820· S,319 4,421 1,284 80,900 
Agricultural 92 0 296 27S 128 88 0 879 
Chemical 8,6S8 183 416 91 153 30S 236 10,042 
Civil 8,492 26S 3,628 3,086 3,039 1,821 181 20,S12 
Electrical S,460 89 156 133 SI 293 63 6,24S 
Industrial 2,629 0 332 43 16 107 16 3,143 
Mechanical 13,584 173 999 2S6 S27 62S 390 16,SS4 
Metal 1,74S 24 201 0 0 24 0 1,994 
Mining 884 0 93 SS 12 66 38 1,148 
Nuclear 374 0 1S2 12 0 0 0 S38 
Sanitary S,847 348 1S9 1,674 1,068 913 120 10,729 
Other 6,878 272 967 19S 38S 179 240 9,116 

Computer spec:ial11ts 394 0 71 4S 74 13 33 630 
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Mathematics and statistics 280 110 166 130 163 0 0 849 
Chemists 7,139 469 1,206 1,007 694 211 136 10,862 
Other physical scientists S20 190 617 188 147 S2 14 1,728 
Atmospheric scientists 38 153 421 60 39 105 0 816 
Earth scientists 484 158 9SO 643 277 168 36 2,716 
Ocean scientists SS 93 204 162 78 0 0 622 
Agricultural scientists 914 186 S,806 1,792 36S 108 36 9,207 
Biological scientists 771 87S 1,267 2,066 37S 117 0 S,471 
Medical scientists 36 0 12 14 121 0 0 183 
Social scientists 1S2 27S 429 465 199 63 0 1,583 
Health occupations 0 0 0 12 0 0 0 12 
Technicians 419 87 26 24 47 0 30 633 
Teachers 0 SS 0 77 103 0 0 235 
Managers 12,880 494 1,009 534 214 876 339 16,346 
All others 1,171 72 197 25 11 202 79 1,757 

- -- -- -- -- -- -- --
Total 79,926 4,S71 20,380 13,064 8,286 6,336 1,987 134~SSO 

1 Persons reportln1 significant professional time devoted to these activities. 

SOURCE: 1974 National Survey of Scientists and Engineers. 

~ 
t.li 

Copyright © National Academy of Sciences. All rights reserved.

Manpower for Environmental Pollution Control:  A Report to the U.S. Environmental Protection Agency From the Committee for Study of Environmental Manpower, Commission on Human Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=20329

http://www.nap.edu/catalog.php?record_id=20329


~ 

TABLE BJI.5 Field of Study by Field of Science or Engineering for Scientists and Engineers in Pollution Control, 1 1974 

Field of Science or Engineering 

Computer Life Physical Environmental Social 
Field of Study Specialists Engineers Mathematicians Scientists Scientists Scientists Scientists Total 

Agricultural sciences 0 124 0 l,3Sl so 147 0 1,672 
Biological and life sciences 0 986 17 S,738 1,142 303 0 8,186 
Food, fllh, and forestry 18 436 0 7,547 88 81 1S 8,24S 
Education 0 632 12 336 213 3S S2 1,280 
Aerospace engineering IS 1,697 0 0 0 26 0 1,738 
Agricultural engineering 0 1,418 0 BS 24 0 0 l,S27 
Architectural engineering 0 777 0 0 0 0 0 777 
Chemical engineering 0 13,118 0 0 390 14 0 13,522 
Civil engineering 13 22,628 0 0 23 31 0 22,69S 
Electrical engineering Sl 8,590 0 0 12 72 0 8,725 
Engineering sciences 0 1,132 0 0 24 0 0 l,1S6 
Engineering technology 0 SSS 0 0 0 0 0 SSS 
Environmental engineering 0 S42 0 0 0 0 0 S42 
General engineering 0 1,329 0 0 0 0 0 1,329 
Industrial engineering 0 3,253 0 0 0 0 0 3,253 
Mechanical engineering 0 20,562 0 IS 0 13 0 20,590 
Metallurgical and 

material engineering 0 2,012 0 0 64 13 0 2,089 
Mining engineering 0 846 0 0 0 0 0 846 
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Marine engineering 0 288 0 0 0 0 0 288 

Nuclear engineering 0 12 0 0 0 0 0 12 

Operations research 
12 engineering 0 12 0 0 0 0 0 

Petroleum engineering 0 467 0 0 0 0 0 467 

Other engineering 0 3,572 0 42 12 47 0 3,673 
Health sciences 17 399 27 267 37 37 0 784 
Mathematics, statistics 121 495 533 0 88 50 20 1,307 
Computer science 53 140 0 0 25 0 0 218 
Other physical sciences 0 247 0 68 467 1,095 0 1,877 
Chemistry 0 1,651 12 43 12,071 36 0 13,813 
Geography 0 34 0 13 91 126 72 336 
Physics 45 904 0 0 1,260 167 0 2,376 
Geology and geophysics 0 334 0 23 74 2,155 0 2,586 
Psychology 0 13 0 14 24 0 401 452 
Social sciences 52 426 17 172 43 0 1,898 2,608 
Arts and humanities 105 3,197 17 280 134 0 50 3,783 
All othen2 15 1,544 12 81 171 25 30 1,878 

- -- -- -- -- --
Total 505 94,375 647 16,075 16,527 4,473 2,598 135,2003 

1 PerlOns reporting signif"tcatnt professional time devoted to these activities. 
2 Includes no report. 
3Total (135,200) exceeds others in this 111ries (134,550) owing to inclusion of 650 persons not reported by 111x. 

SOURCE: 1974 National Survey of Scientists and Engineers. 

~ 
'I 
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TABLE 8.11.6 Primary and Secondary Work Activity by Type of Employee for Scientists and Engineers in Pollution Control1 

1974 

Type of Employer 

Private Nonprofit Federal State Local Self-
Primary WOl"k Activity Company Institution Gowrnment G<nemment G<nemment Employed Other Total 

Research and Development 
Total 24,202 l,3S6 S,422 2,611 l,46S 1,093 S41 36,696 

Basic research 746 616 1,371 642 112 68 14 3,569 
Applied research 3,068 Sl3 1,773 1,364 341 26 13 7,098 
Development 8,890 1S7 798 SS 111 119 3Sl 10,484 
Design 11,498 70 1,480 S41 901 880 169 1S,S4S 

Management and 
Administntion Total 2S,S64 1,243 7,614 4,21S 2,834 1,796 SSS 44,181 

R&.D management 9,0SO 62ti 2,130 1,184 sos 334 166 13,99S 
Other management 16,Sl4 617 S,484 3,091 2,329 1,462 689 30,186 

Teaching 239 l,19S 232 1,934 346 0 0 3,946 
Quality Control 3,7S4 48 476 33S 618 0 73 S,304 
Operations 10,214 63 1,499 S46 8SS 153 1S 13,40S 
Other Production 163 0 0 79 36 13 0 291 
Conllllting 6,712 308 1,606 797 371 2,613 181 12,S88 
Report Writing 1,637 SS l,14S 830 S62 139 28 4,396 
Other A. No Report 7,441 303 2,386 1,657 1,199 529 228 13,743 
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Secondary Work Act/11/ty 

Research and Development 
Total 24,009 1,564 4,372 2,623 1,427 1,106 373 3S,474 

Basic research 888 613 6S2 1,101 274 0 0 3,528 
Applied research 3,003 SSS 1,693 995 288 234 12 6,780 
Development 10,0SO 223 91S 121 279 220 214 12,022 
Design 10,068 173 1,112 406 S86 6S2 147 13,144 

Management and 
Administration Total 10,740 67S 2,770 1,670 l,2S7 1,167 161 18,440 

R&D management 3,0S7 400 761 626 3S7 294 13 S,S08 
Other management 7,683 27S 2,009 1,044 900 873 148 12,932 

Teaching 740 369 486 1,261 198 34 2S 3,113 
Quality Control 4,4SS 49 S21 S44 336 21S 48 6,168 
Operations 10,410 390 2,04S 644 1,322 610 392 lS,813 
Other Production S7 17 46 37. 0 0 0 1S7 
Consulting 8,S83 120 2,544 1,069 8S2 1,432 2SS 14,8SS 
Report Writing 7,880 8S9 3,772 2,374 1,373 S72 334 17,164 
Other cl No Report 13,0S2 S28 3,824 2,842 l,S21 1,200 399 23,366 

-- -- -- -- -- -- -- -
Total 79,926 4,571 20,380 13,064 8,286 6,336 1,987 134,SSO 

1 Persons reporting significant professional time devoted to these activities. 

SOURCE: J 974 National Survey of Scientists and Engineers. 

~ 
IQ 
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TABLE B.11.7 Mobility of Scientists and Engineers in Pollution Control,1 1972-1974 ~ 

1974 Residence 

East West East West Out of 
New Middle North Nonh South South South United States, 

1972 Residence England Atlantic Central Cenual Atlantic Atlantic Atlantic Mountain Pacific No Report Total 

Those Having a Bachelor's 
Degree or Less 

New England S,636 so 26 0 0 0 14 24 11 0 S,761 
Middle Atlantic 73 13,739 136 23 333 45 37 147 113 60 14,706 
East Nonh Central 12 197 19,081 288 106 207 37 176 49 13 20,166 
West North Cenual 12 53 116 6,501 97 0 27 62 37 0 6,905 
South Atlantic 53 98 62 37 11,728 204 181 0 118 49 12,530 
East South Atlantic 0 37 49 0 63 4,110 0 12 63 0 4,334 
West South Atlantic 0 12 52 102 69 101 8,503 64 47 38 8,988 
Mountain 0 16 68 12 77 Sl 35 3,528 109 25 3,921 
Pacific 0 0 24 0 12 0 134 342 13,6SS 33 14,200 
Out of United States, 

No report 0 12 0 0 12 0 0 0 35 14 73 -- -- -- -- -- -- -- -- -- -- ---
Total S,786 14,214 19,614 6,963 12,497 4,718 8,968 4,3SS 14,237 232 91,584 

Those Having a Master's 
Degree 
New England 2,307 0 0 12 0 0 0 0 0 0 2,319 
Middle Atlantic 27 S,046 13 0 145 0 S9 11 0 0 S,301 
East North Central 30 98 S,134 91 102 80 36 66 144 49 S,830 
West North Central 0 0 12 1,384 0 0 13 0 37 13 1,459 
Sou th A tlantlc 12 284 101 0 3,376 86 60 23 48 0 3,990 
East South Atlantic 0 0 0 0 48 1,122 37 0 0 0 1,207 
West South Atlantic 0 0 14 14 0 47 2,278 0 0 0 2,353 
Mountain 0 0 0 0 62 0 0 1,602 32 14 1,710 
Pacific 0 0 3S 0 83 0 27 49 4,643 0 4,837 
Out of United States, 

No report 0 0 0 15 0 0 0 0 0 17 32 
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Total 2,376 5,428 5,309 1,516 3,816 1,335 2,510 1,751 4,904 93 29,038 

Those Havin, a Doctoral 
Degree 

New Enaland 1,172 18 0 0 0 0 0 0 0 0 1,190 
Middle Atlantic 47 2,312 40 0 198 0 0 0 12 58 2,667 
Eut North Central 72 6I 2,I89 0 78 0 13 0 11 43 2,467 
West North Central 0 0 58 752 6I 0 78 0 35 16 1,000 
South Atlantic 70 0 12 0 2,579 39 0 12 73 0 2,785 
East South Atlantic 0 0 0 13 38 552 11 12 0 0 626 
West South Atlantic 0 0 0 0 90 0 826 13 0 0 929 
Mountain 0 0 0 0 45 0 0 898 0 52 995 
P.acific 0 0 0 0 0 0 24 17 1,780 23 1,844 
Out of United States, 

No report 0 0 0 0 0 0 0 0 I4 61 75 
-- -- -- -- -- -- -- -- -- -- ---

Total I,36I 2,39I 2,299 765 3,089 59I 952 952 I,925 253 14,578 

All Degree Le"Vels 
New England 9,115 68 26 12 o. 0 I4 24 11 0 9,270 
Middle Atlantic 147 21,097 189 23 676 45 96 I58 125 118 22,674 
Eut North Central 114 356 26,404 379 286 287 86 242 204 I05 28,463 
West North Central 12 53 186 8,637 158 0 118 62 I09 29 9,364 
Sou th Atlantic 135 382 175 37 17,683 329 241 35 239 49 19,30S 
East South Atlantic 0 37 49 13 149 5,784 48 24 63 0 6,167 
West South Atlantic 0 12 66 116 159 148 11,607 77 47 38 12,270 
Mountain 0 I6 68 12 I84 SI 35 6,208 I4I 91 6,626 
Pacific 0 0 59 0 9S 0 I8S 408 20,078 56 20,88I 
Out of United States, 

No report 0 12 0 IS 12 0 0 0 49 92 180 
-- -- -- -- -- -- -- -- -- -- ---

Total 9,523 22,033 27,222 9,244 I9,402 6,644 12,430 7,0S8 2I,066 S78 135,2002 

1 Persons reporting significant professional time devoted to these activities. 
2Total (135,200) exceeds othen in this series (134,550) owing to inclusion of 650 penon1 not reported by sex. 

N 
SOURCE: 1974 National Survey of Scientiat1 and Ensineen. ~ 
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TABLE B.11.8 1975 Employment Specialty by Sex and Age for Doctoral Scientists and Engineers in Pollution Control,1 1975 
-

Employment Specialty 

Engi· Agricul- Biologi-
Mathe- Earth neering tural Medical cal Social No 
ma tics Physics Chemistry Science Science Science Science Science Science Other Report Total 

Sex 
Male 141 434 3,326 3,082 3,303 1,290 279 2,424 915 314 84 15,592 
Female 8 3 107 130 24 7 24 237 63 13 9 625 

Age 
25-29 18 13 163 127 118 12 18 95 51 615 
30-34 34 147 722 746 805 325 39 611 237 38 20 3,724 
35-39 49 93 718 159 850 284 56 546 198 55 14 3,622 
40-44 8 68 468 528 665 256 67 488 183 65 33 2,829 
45-49 14 58 430 424 299 116 46 372 122 41 5 1,927 
50-54 23 7 470 344 221 126 ·39 258 71 52 1,611 
55-59 3 21 247 113 191 114 5 190 30 26 7 947 
60-64 17 161 123 156 46 11 78 64 33 689 
65 and over 13 54 48 21 18 22 23 22 17 14 252 
No report 1 I 

-- -- -- -- -- -
Total 149 437 3,433 3,212 3,327 1,297 303 2,661 978 327 93 16,217 

1 Persons reportln1 1l1nlflcant profeAlonal time devoted to these actlvltle1. 

SOURCE: 1975 Survey of Doctoral Scientists and Eqineen. 
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TABLE B.11.9 Type of Employer by Employment Specialty for Doctoral Scientists and Engineen in Pollution Control,1 1975 

Employment Specialty 

Engi- Agricul- Biologi-
Mathe- Earth neering tural Medical cal Social No 

Type of Employer ma tics Physics Chemistry Science Science Science Science Science Science Other Report Total 

Business or industry 46 147 2,307 937 1,898 191 74 410 121 17S S2 6,3S8 
Two-year college 6 3 11 s S4 18 6 103 
Medical school s 34 32 69 88 228 
Four-year college 77 179 S32 1,167 812 Sl9 4S l,lSS 693 73 12 S,264 
Elementary or 

secondary school 10 1 3 14 
Hospital or clinic I 8 2 11 
U.S. military 10 10 73 12 11 6 122 
U.S. government 13 89 311 6S9 260 S22 so 676 so 3S s 2,670 
State government 36 201 107 49 30 41 34 14 11 S23 
Local government s 2S 62 88 12 48 22 262 
International agency 29 s I 3S 
Nonprofit organization 13 12 ISO 140 49 6 10 IS7 38 2S 600 
No report 12 10 s 27 

- - -- -- -- -- -- -- -- -
Total 149 437 3,433 3,212 3,327 1,297 303 2,661 978 327 93 16,217 

1 Persons reportln1 si1niflcant profeuional time devoted to these activities. 

SOURCE: 1975 Survey of Doctor.i Scientists and Ensineen. 

~ 

~ 
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TABLE B.11.10 Primary Work Activity in 1975 by Employment Specialty for Doctoral Scientists and Engineers in Pollution ~ 
Control1 °" 

Employment Specialty 

Engi- Agric:ul- Biologi· 
Prbnary Work Mathe- Earth nee ring tural Medic:al c:al Social No 
Activity matic:s Physics Chemistry Sc:ienc:e Sc:ienc:e Sc:ienc:e Sc:ienc:e Sc:ienc:e Sc:ienc:e Other Report Total 

Management or 
Administration 
of RAD 4 34 942 SS2 629 234 76 340 140 70 9 3,030 

Management or 
Administration of 
other than RAD 2 13 176 301 47S so 28 89 4S 73 lS 1,267 

Management or 
Administration of both 8 8 104 166 116 S4 23 1S 38 27 4 623 

Basic: research 20 BS S26 SSS IS6 184 61 603 6S 11 s 2,301 
Applied research so 13S 993 6S9 632 486 39 SOI 92 9 3,S96 
Development 30 lSS S6 297 11 12 s S66 
Design 86 86 
Teaching SI S1 240 436 349 88 38 638 480 37 6 2,420 
Tec:hnic:al writing 1 12 66 61 16 62 24 11 2S3 
Production 6 37 8 SS 9 llS 
Consulting II 44 S2 247 288 S3 7 160 32 10 13 917 
Professional servic:e1 9 11 S2 37 18 8 11 19 16S 
Quality control 69 20 II 2 23 12S 
Sales 46 10 s 8 69 
Other 3 s 4S 83 1S 41 19 16 1S 362 
No report 19 27 42 26 38 II 124 23 12 322 

- - -- -- -- -- - -- - - - --
Total 149 437 3,433 3,212 3,327 1,297 303 2,661 978 327 93 16,217 

1 Per10n1 reporlln1 slplflc:ant profeulonal llme devoted to these 1ctivitles. 

SOURCE: 1975 Survey or Doctor1l Sclenti.11 and En1lneers. 
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TABLE B.11.11 Primary Work Activity by Type of Employer for Doctoral Scientists and Engineers in Pollution Control,1 1975 

Type of Employer 

Butlnea Elem/ Hotpllal U.S. U.S. State Local Inter- Nonprofit 
Primar)' Work or Twa-Y- Medbl Four·Y- Sec:ondary or MW. GOW1rn- GoWlm· GOW1m· national orpru. No 
Activity lnd1111r)' Colleae Scbool Collep School Cllnlc larJ meat meat meat ApllC)' zatlon Report Total 

lllanqement or 
Adminiltratlon 
of RAD 1.574 17 16 411 49 686 114 35 128 3.030 

lllanqement or 
Administration of 
other than RAD 711 12 13 107 3 11 141 126 94 11 33 5 1,267 

Manapmentor 
Adminiltration of both 310 5 94 17 88 46 16 47 623 

Bulc.-rch 334 2 86 1,120 5 10 583 22 16 113 10 2,301 
Applied n-.ch 1.429 56 988 22 789 78 43 191 3,596 
Dewlopment 473 15 31 30 17 566 
Daip 85 I 86 
Teaching 16 68 42 2.276 13 5 2,420 
Technlc:al writing 80 35 2 81 21 17 17 253 
Production 104 11 115 
COlllUlting 772 25 I 38 28 11 23 19 917 
Professional •mces 114 33 2 6 10 165 
Quality control 64 13 28 12 8 125 
Sales 65 4 69 
Other 168 2 114 34 22 10 12 362 
No report 59 4 10 145 I 75 2 I 25 322 

-- -- -- -- - - -- -- -- -- - -- - --
Total 6,358 103 228 5.264 14 II 122 2,670 523 262 35 600 27 16.217 

1 Persona reportin1 lipiflcant profeaional time devoted to the• 1ccivltln. 

SOURCE: 1975 Sunoy or Doctor•I Sciontllts ond EnsiDMn. 

~ 

~ 
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TABLE BJl.12 Geographic Mobility from Region of Doctoral Institution to Region of l 975 Employment for Doctoral 
Scientists and Engineers in Pollution Control, 1 197 S 

Location of 197S Employment 

Location of East West East West 
Doctoral New Middle North North South South South Other, 
Institution England Atlantic Central Central Atlantic Atlantic Atlantic Mountain Pacific No Report Total 

New England 411 376 43 17 261 14 S2 36 ISi 19 1,380 
Middle Atlantic 294 1,169 301 80 SS9 33 99 172 166 S7 2,930 
East North Central 162 S09 1,211 200 667 168 1S6 100 249 29 3,4Sl 
West North Central 23 211 229 430 204 30 66 92 172 39 1,496 
South Atlantic 106 199 170 46 990 172 llS 41 91 9 1,939 
East South Central 12 30 8 IS9 141 2S 2 16 393 
West South Central 23 47 100 70 14S 79 296 28 36 2 826 
Mountain 23 39 78 78 76 4S 67 378 163 1 948 
Pacific 12S 111 14S 49 317 11 43 177 l,26S 8 2,2Sl 
Other 72 1S2 6S 34 9S 10 26 19 119 11 603 

-- -- -- -- -- -- -- -- -- -- --
Total l,2Sl 2,843 2,342 1,012 3,473 703 94S 1,043 2,414 191 16,217 

1 Persons reportln1 sl1nlflcant profeuional time devo1ed to these activities. 

SOURCE: 1975 Survey of Doctoral Sclentilts and En1ineen. 
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TABLE BJI.13 Field of Doctorate by 1975 Employment Specialty for Doctoral Scientists and Engineers in Pollution 
Control, 1 1975 

Employment Specialty 

Engi- Agricul- Biologi· 
Field of Mathe- Earth nee ring tural Medical cal Social No 
Doctorate ma tics Physics Chemistry Science Science Science Science Science Science Other Report Total 

Mathematics 70 5 14 9 10 2 110 
Physics 13 325 40 367 142 10 19 22 6 944 
Chemistry 3,119 562 378 34 14 71 162 37 4,377 
Earth science I 17 1,121 59 28 26 4 4 21 1,277 
Engineering 34 106 59 268 2,619 13 30 34 10 3,173 
Agricultural science 44 143 14 922 218 23 12 1,376 
Medical science 10 41 7 6 148 21 233 
Biological science 7 5 142 617 50 252 109 2,223 6 56 31 3,498 
Social science 20 15 34 42 10 39 894 185 17 l,161 
Other 5 2 13 4 3 4 27 62 
No report 6 6 

-- -- -- -- -
Total 149 437 3,433 3,212 3,327 l,297 303 2,661 978 327 93 16,217 

1 Persons repor1in1 si1nificant professional time devoted to these activities. 

SOURCE: 1975 Survey of Doctoral Scientists and En1ineen. 

~ 
"'I 
"'I 
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TABLE B.11.14 Age and Years of Professional Experience by Type of Employer for Doctoral Scientists and Engineers in ~ 
Pollution Control, 1 1975 

Type or Employer 

Business Elem/ H1>1pital U.S. U.S. Stale Loall Inter· Nonpront 
or Two-Year Medical Four-Year Secondary or Mili- Govern- Go..,m- Govern- national Orpni- No 
Industry College School Collep School Clinic IUy ment ment ment Agency zalion Report Total 

"'" 25-29 256 4 29 210 2 73 19 6 16 615 
30-34 1,525 II 41 1,237 10 38 529 121 48 164 3,724 
35.39 1,410 18 33 • 1,217 28 588 81 103 11 123 10 3.622 
4-0-44 943 52 39 l,023 3 I 26 500 132 26 12 72 2.829 
45~9 731 I 27 589 17 396 58 32 11 5 1.927 
50-54 682 3 15 426 8 8 309 63 3 6 88 1,611 
55.59 373 5 10 329 3 149 35 5 5 33 947 
60-64 327 9 1 173 114 6 29 24 689 
65 and over 110 27 60 I 2 12 8 10 I 9 12 252 
No report I I 

Medianqe 39.46 40.91 39.37 40.95 41.03 38.24 39.38 39.76 

Years or Prorellional Experience 
0-1 year 36 72 5 8 I 122 
2~yeus 756 18 10 680 2 38 215 75 23 114 1.991 
5-9years 1,630 10 41 1,364 10 6 698 157 78 114 10 4.118 

10-15 years 1.288 47 36 1,380 I 11 653 102 79 23 123 3,743 
16-20years 817 4 28 580 3 43 401 99 27 5 54 2.061 
More thin 20 years 1,710 18 48 1,116 I 3 24 688 88 47 7 194 17 3.961 
No report 121 6 5 72 5 10 2 221 - - - - -- -

Total 6,358 103 228 5,264 14 II 122 2,670 523 262 35 600 27 16,217 

1 Penoftl report1n1 1ifnlncmnt profeulon•I time devoted to th•• actwtlin. 

SOURCE: 1915 Survey or Doctoral Sctentllt1 and Enstnn,.. 
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APPENDIX 

c Federal 
Aspects 

INTRODUCTION 

The effects of environmental pollution on public health are of fundamen­
tal concern to the nation. Where the environment has been seriously 
degraded, or in occupations that are discovered to be hazardous to 
health, increases in "environmental diseases," such as emphysema, 
certain types of cancer, and lead poisoning, are directly attributable to 
pollutants. 

To provide medical treatment on a national basis for these types of 
diseases, Congress has supported health care programs and promoted the 
establishment of health agencies. This is a laudable objective. 

However, provision of health care will not resolve the basic problems 
of achieving acceptable standards for a safe water supply, pure air, and 
uncontaminated food products to support life. 

In addition, public health is affected by the presence of solid wastes, or 
toxic materials, in the environment as well as by the presence of 
radiation, noise, and other pollutants. The major role of the EPA is to 
study, resolve, and regulate the problems of all pollutants: noise, toxic 
materials, radiation, solid wastes, air contaminants, sewage, and other 
forms of wastes. 

If a safe environment is to be maintained, provision must be made for 
monitoring and treating all of society's polluting effluents resulting from 
population increase and industrial technology. An adequate supply of 
manpower is essential for the successful prevention of environmental 
degradation. A large variety of specialists is required to meet current and 
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future needs in controlling the quality of the environment, such as: 
environmental engineers, environmental health specialists, design engi­
neers, environmental sanitarians, technicians, agriculturalists, entomolo­
gists, biologists, ecologists, economists, administrators, chemical engi­
neers, mechanical engineers, civil engineers, air and water pollution 
technologists, radiological health physicists, noise-control technologists, 
toxicologists, chemists, geologists, virologists, environmental lawyers, and 
other specialists in pollution control. 

Based on reports it received, the Panel believes that adequate 
manpower in some of these specialties is often lacking. Had it not been 
for earlier traineeships, scholarships, and project grants from the United 
States Public Health Service (PHS) and from EPA, there would be a 
shortage of environmental manpower today. The federal government has 
the right and responsibility to assure that adequate manpower, funds, and 
equipment are available to monitor and control environmental pollution 
at national, state, and local levels in order to protect the health of its 
citizens. Furthermore, it should help assure that adequate manpower can 
be available to solve future environmental problems, such as new sources 
of energy, the need for more food, and the necessity for recycling solid 
wastes. 

EPA has primary responsibility for protecting the environment. 
Although medical care for environmentally produced health problems is 
imperative, and an adequate supply of environmental specialists is 
necessary to ensure the public's health in any health care system, the first 
priority must be concentration on the abatement. or re~oval, of 
dangerous pollutants in the environment. The United States cannot 
afford the health and economic costs created by rampant pollution. 

ANALYTICAL REQUIREMENTS FOR MANPOWER STUDIES 

Insight on environmental issues may be provided by examining the 
problems to be resolved, identifying the skills needed to provide 
solutions, and determining the quantitative and qualitative adequacy of 
the manpower supply to achieve the desired results. 

Had such an analysis accompanied the passage of the Water Pollution 
Control Act and similar environmental legislation, a more realistic 
timetable might have resulted and realimtion of the stated goals would 
have been accomplished more rapidly. In the absence of such analyses 
and planning, manpower needs are frequently considered in terms of the 
manpower pool available, rather than in terms of the goals to be 
accomplished. If manpower is qualitatively or quantitatively inadequate, 
persons with dubious or inadequate qualifications may be employed in 
available positions. Once established in these positions, their removal 
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may be difficult when appropriately trained personnel become available. 
Also, their retraining needs are difficult to identify because removal from 
one position and training for another often involve serious difficulties. 
Retention of unqualified personnel, especially in areas involving public 
health, might be unwarranted. Such individuals would continue to be 
ineffective and dangerous consequences might result. 

OBJECTIVES AND METHODOLOGY 

An assessment of the current and future demands by the federal 
government for environmental manpower is presented in this report, with 
special emphasis placed on EPA as the principal federal agency 
responsible for pollution abatement and control. 

A detailed profile of EPA's current work force is provided in terms of 
educational background, occupation, grade level, and function. Although 
these data do provide some interesting and valuable insights into the 
Agency, its priorities, and its methods of operation, the evaluation should 
not be considered as a study primarily of the Agency's management and 
policies. 

Projections of future levels of activity are always difficult to make for 
discretionary governmental programs, and the environmental area is no 
exception. In sections of this report, projections of future government 
funding and employment levels are presented and discussed. In general, 
these projections are based on the assumption of decreasing direct federal 
involvement and financing of pollution control programs. 

A particular concern of the Panel is that adequate studies of the impact 
of all federal expenditures or legislative programs on national resources, 
especially manpower supplies, be made an integral part of planning for 
any new national endeavor. For example, staffing implications created by 
federal environmental laws will be greatest on local governments and 
private sectors of the economy. Comparable effects will not be felt in 
federal agencies. 

On the other hand, because federal decisions are both far-reaching and 
long-lasting in their effects, the organiz.ation and characteristics of the 
Agency that guides these decisions are appropriate subjects for environ­
mental manpower study. It is most important to keep in mind that major 
public policies represent the workings of a political process that attempts 
to resolve many confl.icting interests and that, in so doing. may develop 
apparent inconsistencies. As a result, general opinion may attribute 
inconsistent or ineffectual operations of programs entirely to personnel 
within the Agency. This view is erroneous because administrators and 
personnel in the Agency are obligated to operate within legislative 
limitations established by Congress and by judicial decisions. 
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FEDERAL EMPLOYMENT PAITERNS 
FOR POLLUTION CONTROL PROGRAMS 

283 

The federal government is the dominating influence in establishing the 
scope and character of the nation's environmental pollution control 
programs, and has the legal responsibility to ensure that pollution is 
controlled throughout the country. The federal government also deter­
mines its own manpower requirements. The federal role in environmental 
matters is primarily one of instigating. coordinating. financing. monitor­
ing. and also regulating national policies. Therefore, direct federal 
employment requirements should be relatively modest On the other 
hand, the bulk of the manpower requirements generated by pollution 
control programs are in design and construction of treatment plants and 
other equipment, in operation and maintenance staffs for public, private, 
and industrial waste disposal facilities, and in industrial plants producing 
supplies and equipment for the systems. 

MANPOWER FUNCTIONS IN FEDERAL AGENCIES 

Generally, federal agencies fund two types of functions incident to 
pollution control for which federal employees are required. The first 
category includes the instigation, coordination, and control of programs 
that are actually performed by nonfederal employees, such as those in 
state or municipal organizations or industrial concerns. These activities 
include reviewing local and regional programs, evaluating funding 
requests, arranging demonstration projects, training personnel, conduct­
ing research and development, providing surveillance and technical 
services, undertaking manpower studies, identifying toxic substances, 
and similar duties. Most of these functions are assigned to EPA. Some 
specialized duties are assigned to other agencies; for example, the Coast 
Guard is responsible for assessment of penalties for illegal discharge of 
oil. 

The second category of functions requiring federal environmental 
employees invol\'.es the operation and maintenance of pollution control 
systems on federal installations. In this category are the water and 
wastewater treatment systems operated by the military, similar systems in 
recreational areas operated by the Forest and Park Services, and air 
pollution control devices at Tennessee Valley Authority installations. 
These treatment plants are similar to municipal or industrial systems and 
require manpower with equivalent skills for their operation and mainte­
nance. 
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TABLE C.l Federal Expenditures for Pollution Control and Abatement ~ctivities by Function, FY 1975 (Actual), 
FY 1976 and FY 1977 (Estimated) 

Expenditures 

FY 1975 FY 1976 FY 19771 

Function Actual Percent Estimated Percent Estimated 

Financial aid to state, (dollars in millions) 
interstate, and local 
governments $2,189.0 61.3 $2,718.6 60.9 $4,143.7 

Research, development, 
and demonstration 569.6 16.0 740.S 16.6 743.0 

Establishment of 
standards and enforcement 368.8 10.3 404.7 9.0 377.5 

Reduced pollution from 
federal facilities 334.2 9.4 475.0 10.6 441.8 

Manpower development 14.7 0.4 14.3 0.3 8.6 

Other 94.5 2.6 114.1 2.6 108.5 
--

Total $3,570.8 100.0 $4,467.2 100.0 SS,823.1 

1 The amounts do not include the July /September 1976 Interim quarter adjustment to the new October/September fiscal year 1977. 

SOURCE: U.S. OMB (1976). 

~ 

Percent 

71.2 

12.8 

6.5 

7.6 

0.1 

1.9 

100.0 
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BUDGET ALLOCATIONS FOR POLLUTION CONTROL 

The federal government's annual budget presentation includes a series of 
"Special Analyses" that classify federal appropriations functionally, 
rather than by the agency to which funds are allocated. Table C. l 
summarizes actual and estimated federal outlays for pollution control 
and abatement activities by function, as reported in Special Analysis Q of 
the U.S. Budget for FY 1977. 

Of the $5.8 billion to be expended in FY 1977, an estimated $4.1 billion 
is scheduled for transfer to state, interstate, and local governments, 
principally in the form of EPA grants for construction of waste water 
treatment facilities ($3.9 billion) in accordance with provisions in the 
Water Pollution Control Act. The balan~ of Sl.7 billion is primarily for 
operation of direct federal programs of R&D, establishment of standards 
and enforcement, and reduction of pollution from federal facilities. EPA 
administers nearly SO percent of the allocation for pollution control, but 
other agencies ·with a substantial share of funds include the Department 
of Defense, the Energy Research and Development Administration, and 
the Department of Agriculture. Note that projected funds in FY 1977 for 
manpower development decrease substantially from 0.3 percent in FY 
1976 to only 0.1 percent of the total projected expenditure for pollution 
control and abatement activities in FY 1977. By any standard of 
comparison this is an exceedingly small fraction of the total pollution 
control budget allocated for manpower development. In addition, the 
amount of funds projected for manpower is cut by 40 percent in FY 1977 
from FY 1976. 

Table C.2 shows the federal outlays after transfers to other governmen­
tal organizations, mostly as construction grants. It will be noted that 

TABLE C.2 Net Direct Outlay for Federal Pollution Control and Abatement 
Activities and Total Transfers to Other Governmental Organizations, FY 1973-
1975 (Actual) and FY 1976-1977 (Estimated) 

Fiscal Years 

Transfers to Other 
Governmental 
Organizations 

1973 s 908 
1974 1,867 
1975 2,189 
1976 (estimated) 2,719 
1977 (estimated) 4,144 

SOURCE: U.S. OMB (1974, 1975, 1976). 

Net Direct 
Outlay 

(dollars in millions) 
$1,017 

1,107 
1,382 
1,748 
1,679 

Total 

Sl,925 
2,974 
3,571 
4,467 
5,823 
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although transfer funds increase by about $2 billion from 1975 to the 
1977 budget estimate, net direct federal funds decline from 1976 to 1977. 

EPA SUPPORT FOR MANPOWER DEVELOPMENT A.ND TRAINING ACT1VIT1ES 

Data on program support for manpower and training activities for a 
sequence of years will be reviewed to discern trends. These can then be 
compared with the needs for manpower required to solve the pollution 
problems facing the nation. 

Table C.3 provides data on EPA's manpower and training activities for 
FY 1973 through FY 1977 by program activity. The projected decline in 
support for manpower activities is precipitous, in many cases reduced to 
zero for various program activities. The wisdom of eliminating support 
for manpower development is questioned. as drastic reductions predict­
ably retard progress in reaching environmental goals. 

In Table 3.6 of the Committee report, the number of personnel trained 
with support from different offices of EPA is given for FY 1973 through 
FY 1977. Again, the data for FY 19n are projections. 

A breakdown of EPA's support for training activities in FY 1976 is 
given in Table C.4. The total of approximately $14.9 million is 
comparable to the estimated $14.3 million shown in Table C.I for 
manpower development. The difference between the two figures is not 
great and is accounted for by variations in reporting procedures by the 
sources. 

EPA OPERA.TING FUNDS A.ND MANPOWER ESTIMATES 

EPA funds account for approximately 35 percent of the total direct 
federal budget authority for pollution control and abatement activities 
(U.S. Budget 1976). The distribution of the EPA budget is shown in Table 
C.5. 

Most of these activities involve a large professional and technical staff. 
Although the categories are too broad to permit analysis by the usual 
procedures employed for computation of manpower factors, a generaliza­
tion can be made that no substantial increase in federal environmental 
manpower is expected. The FY 1977 budget estimates for end-of-year 
staff positions in EPA are 9550, which are equivalent to the staffing levels 
in FY 1976. 

Estimates of probable funding levels for EPA's operating programs 
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through 1980, provided by the Office of Management and Budget, 
indicate no increase and probably some decline.• On this basis, there is 
unlikely to be any substantial increase in the Agency's overall staff, 
although the numbers of people in specific categories may be expected to 
fluctuate. 

EXPENDITIJRES FOR POLLUTION ABATEMENT 

IN OlHER FEDERAL AGENCIES 

Approximately 12 federal agencies, in addition to EPA, project expendi­
tures for pollution control and abatement activities in FY 1977. The 
estimates for these agencies are given in Table C.6. 

Most of these funds will be applied to reduction of pollution in federal 
facilities, such as installation of new equipment, process changes, fuel 
switching, and similar projects, and for research, development, and 
demonstration projects concerning energy, agriculture and agricultural 
products, and transportation. 

FEDERAL MANPOWER REQUIRED TO IMPLEMENT 
LEGISLATION ON ENVIRONMENTAL CONTROL 

The federal government not only has the legal responsibility, but also has 
an obligation to set an example for control of pollution in the nation. In 
monitoring pollution throughout the nation, the federal government must 
supervise itself, because it is the owner and operator of numerous 
installations and residential complexes that may become significant 
sources of pollution. The Departments of Defense and Interior, and the 
Tennessee Valley Authority own most of these federal facilities. 

EMPLOYMENT PROFILE IN EPA 

General Classifications of Personnel 

EPA currently employs about 10,000 full-time permanent employees, 
almost all of whom are classified as white-collar. This figure represents 

1Unpublisbed correspondence between the Office of Management and Budget and the 
Committee. 
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TABLE C.3 EPA Funding and Staff for Manpower Development and Training Programs 

Program Activity 

Office of Education and Manpower Planning/ 
Office of Federal Activities 

Staff (positions) 
Manpower planning projects 

Office of Water Program Operations 
Staff 

Training grants1 

Fellowships1 

Demonstration grants1 

Operator training grants2 

Undergraduate training grants3 

Manpower planning projects4 

State training centers5 

Office of Water Supply 
Fellowships6 

Office of Air Quality Planning and Standards/ 
Air Pollution Training Institute 

Staff 
Training grants and fellowships 7 

Inspection/maintenance 7 

Thousands of Dollars 

FY 1973 FY 1974 FY 1975 FY 1976 

14 20a 18 17 
$ 40 u,ooob $ 210C $ 450c 

42 35 29 
$6,533 $4,092 $1,600 $1,000 
$ 17 $ 215 $ 270 $ 344 

$ 195 
$1,879 $1,875 $1,910 $1,100 

$ 331 
$ 343 $ 191 $ 318 0 
($250 thousand thtough construction grant funds) 

$ 435 

31 36 33 26 
$2,180 $2,000 $1,200 $1,200 

s 90 

I\,) gg 

FY 1977 (Estimated) 

8 
$450c 

29 
0 
0 
0 

$1,100 
0 
0 

0 

6d 
0 
0 
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Office of Pesticide Programs 
Staff 

Applicator training .l state certification8 

Office of Solid Waste Management Programs 
Training Grants9 

Direct training 9 

Manpower planning9 

Office of Radiation Programs 
Training grants10 

Direct training 1 0 

Office of Noise Abatement Control 1 1 

Regional manpower offices2 

Staff 
Regional manpower offices 

1Water Pollution Control Act,§ J04(g)(3)(a). 
2Water Pollution Control Act, § I 04(1)( 1). 
3water Pollution Control Act, §I 09{a). 
4Water Pollution Control Act, § 104{g)(2). 
5water Pollution Control Act, §I 09{b). 
6Safe Drinking Water Act, § 1442(b)(3). 
7Clean Air Act, § I03(b). 
8 Federal Insecticide, Fungicide, and Rodenticide Act. 
9Solid Waste Disposal Act. 

$ 36S $ 202 0 
$ 74 0 0 
$ so 0 0 

$ 158 $ 121 s 41 
s 26 $ 35 0 

0 0 0 

38 34 30 

10Reorganlzation Plan No. 3 of 1970. 
11 Noise Control Act. 

s s 
$10,200 $5,200 

0 0 
0 0 
0 0 

0 0 
0 0 

0 0 

32 27 
$1,000 $1,000 

:salaries for S positions paid by the U.S. Department of Labor. 
Evenly distributed among IO regional offices. 

~For contracts and grants. 
Reflects use of contract personnel. 

SOURCE: Table developed by the U.S. EPA for internal review. 

~ 
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TABLE C.4 EPA Support for Training Activities, by Office and Training 
Activity, FY 1976 

Office and Training Activity 

Office of Water Program Operations 
Training grants 
Fellowships 
Demonstration grants 
Operator training grants 
Undergraduate training grants 

Office of Water Supply 
Fellowships 

Office of Air Quality Planning&. Standards 
Training grants &. fellowships 
Inspection/maintenance 

Office of Pesticide Programs 
Applicator training&. state certification 

Total Funds 

Funds 

Subtotals Totals 

(thousands of dollan) 

s 1,000 
344 
195 

1,100 
331 

s 2,970 

435 

435 

1,200 
90 

1,290 

10,200a 

10,20()8 

$14,895 

8 Approximately $5 million was transferred to the Agricultural Extension Service for 
training, the remainder being allocated to designated state agencies for both training and 
certification. 

SOURCE: Table developed by the U.S. EPA for internal review. 

about half of l percent of the total federal civilian white-collar labor force 
of 1.9 million.2 

Table C. 7 is derived from data in the Central Personnel Data File of 
the Civil Service Commission and presents the broad occupational 
distributions of EPA employees. For purposes of comparison, data are 
also presented for the government as a whole and for the former Atomic 

ICivil Service Commission, Central Penonnel Data File, Table E, elated October 1974. Not 
publiabed. 
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TABLE C.5 Operating Budget of the Environmental Protection Agency for 
FY 1977 

Dollars 
Function (in millions} Percent 

Abatement and control $329.6 45.9 
Enforcement 56.6 7.9 
Research and development 242.7 33.8 
All other 89.3 12.4 

Total $718.2 100.0 

Not lncluclina Construction Grants Program or 1Upplemental appropriations. 

SOURCE: U.S. EPA (1976). 

Energy Commission (AEq, from which were formed the Energy 
Research and Development Administration (ERDA) and the Nuclear 
Regulatory Commission (U.S. NRQ. 

The former AEC was selected for comparison with EPA because of 
similarity in focus on scientific matters and equivalent size. The figures 
given are for 1974, but are the most recent available through the Civil 
Service data file. However, EPA has experienced very little change in the 
level or pattern of employment since that time. 

Table C.7 provides data on broadcategoriesofemployeesofthe EPA, 

TABLE C.6 Planned Expenditures for Pollution Abatement by Federal 
Agencies Other Than EPA, FY 1977 

Agency 

Department of Defense 
Energy Research and Development Administration 
Department of Agriculture 
Department of Transportation 
Housing and Urban Development 
National Aeronautics and Space Administration 
Department of Interior 
Department of Commerce 
All Other 

Total 

SOURCE: U.S. OMB (1976). 

Funds 
(dollars in millions} 

s 436.0 
224.9 
195.3 
92.8 
83.6 
85.0 
52.8 
53.0 
99.7 

$1,323.1 
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TABLE C.7 Occupational Distribution of Full-Time, White-Collar Employees 
in the Environmental Protection Agency (EPA), the Atomic Energy Commis­
sion (AEC), and All Federal Agencies, 31October1974 

Number of Employees 

EPA 
Occupational 

AF.c All Federal Agencies1 

Category Number Percent Number Percent Number Percent 

Administratm and 
clerical 3,690 40.8 3,543 45.5 633,890 43.5 

Biological, physical 
and mathematical 
sciences 2,425 26.8 748 9.6 99,306 6.8 

Engineering and 
architecture 1,676 18.5 1,672 21.5 146,490 10.0 

Lepl and kindred 
occupations 221 2.4 202 2.6 57,044 3.9 

Other 1,024 11.3 1,627 20.9 521,982 35.8 

Total 9,036 100.0 7,792 100.0 1,458,712 100.0 

1 Thia computation exclud• 498,540 white-collar poatal employ-. It alllo excludes 
employe• of the Central lntellipnce Asency, National Security Asency, Board of 
Govemon of the Federal ReHr\19, and foreip natlonala oveneaa. Erron in addition are 
cauaecl by rounding. 

SOURCE: U.S. Civil Service Commilllon, Central Penonnel Data me, Table E, dated 
October 1974. Not publilhed. 

AEC, and total federal employment. The statistics show that EPA had 
proportionally fewer administrative personnel (41 percent) than the AEC 
(46 percent) or the government as a whole (44 percent). Also, about 20 
percent of both EPA and AEC employees were engineers, which is 
double the percentage for all federal agencies. About 2.5 percent were in 
legal and associated occupations in both AEC and EPA, which is lower 
than the government average of 3.9 percent. A significant difference was 
in the category of biological, physical, and mathematical scientists, who 
contributed to 27 percent of EPA's labor force, in contrast to only 10 
percent of AEC's personnel and 7 percent of the federal labor force as a 
whole. 

In Table C.8, a more detailed breakdown of current EPA employment 
as of March 13, 1976, is given. Table C.8 indicates that, after administra­
tive personnel, engineers, physical scientists, and biological scientists 
form the largest employment categories in EPA. 
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TABLE C.8 Distribution of All Full-Time, White-Collar EPA Employees, by 
Occupation and Grade Level, March 1976 

Number of Employees by 
Grade Level (GS)2 Total 

Occupational Category 1 l·S 6-11 12-15 16-18 Number Percent 

General administrative, 
clerical, and office 
1ervices 1,911 1,303 644 19 3,877 37.7 

Engineering 188 674 1,008 6 1,876 18.3 
Physical sciences 208 540 814 81 1,643 16.0 
Biological sciences 170 329 397 s 901 8.8 
Accounting and budget 62 ISO 176 3 391 3.8 
Lep1 9 78 177 s 269 2.6 
Information and arts 33 116 87 1 237 2.3 
Personnel management 36 81 79 1 197 1.9 
Business and industry 35 15 69 1 180 1.8 
Social sciences 8 52 96 0 156 l.S 
Mathematics and statistics 14 42 82 7 145 1.4 
Medical 3 59 43 2 107 1.0 
Other 70 137 89 2 298 2.9 --

number 2,747 3,636 3,761 133 10,277 
Total percent 26.7 35.4 36.6 1.3 100.0 

1 See Table 3.2 for the prof-tonal occupational distribution of enpneering and scien-
tific categories. 
:z Effective October I, 1976, the basic annual salary 1tructure for federal civilian em-
ploy- is u follows: 

Grad• (GS) 1-5 s 5,810-12,093 12-15 $20,442-43,923• 
6-11 10,370-22,177 16-18 39,629-54,410. 

•111e rate of buic pay for gradn 15-18 is pr-tly limited to $47,500. 
Until March I, 1977 the buic pay for th- grad• wu limited to 
$39,600. 

SOURCE: Derived from unpublished data provided by the Personnel Management 
Division of the U.S. EPA (1976). 

NOTE: Tbil table appean in identical form u Table 3.1 of the Committee report. 
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Scientists and Engineers 

It is interesting to note in Table C.8 the predominance of physical science 
occupations (chemists, and so on) in the highest echelons of the Agency 
and the fact that all scientists, including mathematicians and biologists, 
represent 65 percent of the .. supergrade" (GS 16-18) employees of EPA. 
Administrators (14 percent) and lawyers (4 percent) have relatively little 
representation at this top career level of the Agency. 

At the middle level of the career service the scientists again dominate 
with 1211, or 32 percent, of the positions. However, at this level engineers 
are also well represented with 1008 or 27 percent Altogether, at this 
middle level scientists and engineers make up about 60 percent of the 
Agency's entire work force. 

The general impression given by the data in Table C.8 is that EPA has 
a large proportion of scientists and engineers in its middle and top levels 
of management. On the other hand, the Agency has relatively few 
professionals in such categories as management, law, social science, and 
medicine. 

Table C.9 provides a more detailed breakdown ofEPA's scientific and 
engineering personnel, by specific field, based on data of March 13, 1976. 

Table 3.3 in the Committee report provides the educational distribu­
tion of 5905 full-time EPA employees having a college degree by major 
discipline. Table 3.5 provides the same information only for those 
employees in EPA's Office of Research and Development Not surpris­
ingly, the data in Table 3.3 show that engineering and scientific 
disciplines predominate (62 percent), comprising about two-thirds of the 
degrees held by staff members within the Agency as a whole. An 
important feature of Table 3.5 is that it reflects the strong emphasis in the 
Office of Research and Development on physical sciences and engineer­
ing expertise. There are relatively few employees with academic prepara­
tion in the medical, agricultural, and social sciences disciplines. 

The most significant fact illuminated by these data is the high level of 
educational achievement among EPA personnel, in general, and among 
research and development personnel in particular. These statistics on 
educational background strongly suggest that EPA has the basic reservoir 
of talent and skill needed to study and understand the scientific and 
engineering aspects of environmental pollution. Table 3.4 of the 
Committee report shows the distribution by academic discipline of all 
EPA employees with engineering and science degrees, and Table C.10 
shows this distribution in EPA's Office of Research and Development. A 
close examination of the detailed fields of study indicates that specialties 
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TABLE C.9 Scientists and Engineers in EPA on 13 March 1976 

Number of Personnel 

Occupational Category1 Subgroup Major Group 

Engineering 
Engineers 

Sanitary 607 
General SOI 
Chemical 190 
Mechanical 135 
Civil 78 
Other 61 

Total 1,572 

Physical Sciences 
Scientists 

General 640 
Chemistry 604 
Physics 28 
Health physics 2S 
Oceanography 20 
Hydrology 19 
Geology 13 
Meteorology 6 

Total 1,355 

Biological Sciences 
Scientists 

General 476 
Microbiology 94 
Entomology 30 
Pharmacology 21 
Other 85 

Total 706 
1Technicians and trainees Included In the totals in Table 3.1 are omitted 
from this tabulation. 

SOURCE: Derived from unpublished data provided by the Penonnel 
Management Division of the U.S. Environmental Protection Agency (1976). 

295 

are widely distributed in science and engineering and that relevant 
academic fields, such as sanitary engineering, are especially well 
represented by employees with advanced degrees. 

National Science Foundation (NSF) data support the statistical 
evidence of the predominance of staff in EPA with advanced degrees 
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TABLEC.10 Detailed Educational Distribution of Full-Time EPA Employees 
in the Office of Research and Development with Degrees in Engineering, Bio-
logical and Physical Sciences, 28 February 1976 

Number of Employees by 
Highest Degree Total 

Academic Discipline BA/BS MA/MS PhD/D Number Percent 

El!lineering 
Environmental and sanitary 10 SS 14 79 32.1 
Chemical 41 13 21 1S 30.S 
Electrical IS 6 1 22 8.9 
Mechanical 10 8 3 21 8.S 
Civil 10 6 1 17 6.9 
Other elllineering disciplines 17 11 4 32 13.0 -

number 103 99 44 246 
Total percent 41.9% 40.2% 17.9% 100.~ 

Biological Sciences 
General biology 4S lS 6 66 21.8 
Microbiology 18 13 21 S2 17.2 
General zoology 12 9 7 28 9.2 
Biochemistry s 3 20 28 9.2 
Ecology s s IS 2S 8.3 
Marine biology 6 s 10 21 6.9 
Entomology 1 3 3 7 2.3 
Other biological sciences 16 27 33 76 2S.1 - -

number 108 80 us 303 
Total percent 3S.6% 26.4% 38.0% 100.~ 

Physical Sciences 
General chemistry 124 13 9 146 40.9 
Organic chemistry 6 16 23 4S 12.6 
Analytical chemistry 23 9 10 42 11.8 
Physical chemistry 2 4 34 40 11.2 
General physics 12 4 7 23 6.4 
Geology 7 6 1 14 3.9 
Oceanography 3 s 3 11 3.1 
Meteorology 1 3 1 s 1.4 
Other physical sciences 8 s 18 31 8.7 

number 186 6S 106 3S1 
Total percent S2.1% 18.2% 29.7% 100.~1 

1 Error in addition camed by rounding. 

SOURCE: Derived from unpublished data provided by the Personnel Manqement Divi· 
alon oftbe U.S. EPA (1976). 
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TABLE C.11 Degree Levels of Federal Scientists and Engineers at Major 
Agencies, January 1974 

Percent 

Apncy Ph.D. Master's Professional Ba'chelor'a Nol>epee 

All Agencies 9.1 19.8 1.4 62.6 7.1 
EnYironmental 

Protection Agency 13.6 44.9 .9 39.6 1.0 
Department of Health, 

Education, and 
Welfue 14.4 25.0 13.1 38.8 8.7 

Atomic Energy 
Commission 13.0 30.4 .4 52.0 4.2 

Department of Commerce 14.6 21.9 .5 50.5 12.5 
National Aeronautics 

.t Space Admln. 7.7 23.0 .6 67.1 1.6 
Department of 

Agriculture 11.0 15.9 .6 68.9 3.6 
Department of Defense 5.6 19.5 .8 66.3 7.8 
Department of Interior 7.6 17.2 .8 69.1 5.8 
Department of 

Transportation 3.1 16.7 .7 63.1 16.4 
All Other Agencies 21.1 20.6 1.8 43.3 13.1 

SOURCE: Unpublllhed National Science Foundation data. 

NOTE: Totala m11y not equal 100.0 percent due to rounding. 

(NSF 1976), as compared with other major federal agencies. Table C.11 
shows percentages of scientists and engineers with college de~ in 
principal federal agencies. The statistics, though differing in some 
respects from the educational data in previous tables, present a consistent 
pattern and place EPA well ahead of other federal agencies, and the 
government as a whole, in terms of employed scientists and engineers 
with advanced degrees. 

Attorneys 

EPA is not only a regulatory agency, but it also has the authority of 
enforcement to prosecute violators who fail to meet prescribed standards. 
Approximately 1600 employees are assigned at present to the enforce­
ment office, about 16 percent of the Agency's personnel (U.S. EPA 1974). 
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TABLE C.12 EPA Legal and Kindred-Group Employees, September 1975 

Classification 

Attorneys 
Administrative law judges 
Court clerks 
Legal assistants 

Subtotal 

Legal clerical personnel 

Total 

Number 

206 
6 
1 

16 

229 

47 

276 

SOURCE: Derived from unpublished data provided by the Personnel Management 
Division of the U.S. EPA (1976). 

Of the attorneys on the legal staff, 127 (55 percent) are assigned to 
regional offices.a Table C.12 indicates the distribution oflegal personnel 
in the EPA (Civil Service Series 900). 

It is difficult to judge whether the number of legal personnel is 
adequate to meet the Agency's needs. EPA is selective of the cases it 
wishes to prosecute, presumably beginning with the worst off enders, and 
proceeding to less serious cases as time allows. The Agency cannot 
predict its work load, because it is subject to lawsuits from concerned 
public and environmental groups on the one hand, and industrial 
interests on the other. Furthermore, a substantial portion of the legal 
personnel required by the Agency is provided by the Department of 
Justice. Also, a great deal depends on the qualifications and abilities of 
the government's attorneys, although this is a subject beyond the scope of 
this Panel to assess. 

The use of attorneys in nonlegal roles in EPA has frequently been 
questioned. This subject is difficult to analyze, but relevant data are 
available for possible clarification. Table C.13 shows the occupational 
distribution of EPA employees with law degrees. Although not all those 
with law degrees are represented, some conclusions may be drawn from 
these figures. 

The data from this table indicate that the majority of employees with 
law degrees are in legal positions (72.3 percent). Other individuals with 
law degrees hold positions of a secretarial and clerical nature (4.1 

IBued on data provided by the Personnel Management Division of the U.S. Environmental 
Protection Agmcy, dated September 27, 1975. 
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TABLE C.13 EPA Employees with Law Degrees, by Occupational Category,• 
October 1975 

Occupation Number 

Legal and kindred positions (CSS 900) 197 
Other legal positions 15 
General admlnistratiYe (301) 37 
Secretarial and clerical (GS Grades 3-5) 12 
Miscellaneous 32 

Total 293 

1 Educational data currently a'VUlable for moat, but not all, EPA employ .... 
bflsurea do not total 100.0 percent becaUH of roundin1. 

Percent 

67.2 
5.1 

12.6 
4.1 

10.9 

100.oh 

SOURCE: Derived from unpubliahed data provided by the Penonnel Manqement DM­
llon of the U.S. EPA (1976). 

percent). The 32 individuals classified as "miscellaneous" are in 18 
occupational categories and are mostly at middle grade levels. The 
remaining 37 persons are classified as "general administrative" personnel. 

Nearly half of the lawyers in general administrative positions are in 
upper and upper-middle level management (grades GS-15 and above), 
where they make up only 3 percent of some 575 Agency employees at 
these levels. In the highest management positions, however, 6 of 17 posts 
are filled by lawyers. Both the Administrator and Deputy Administrator 
are lawyers, as are two of the five Assistant Administrators and two of the 
Regional Administrators.• Among these top-level positions, the only one 
requiring a lawyer is that of the Assistant Administrator for Enforcement. 

Consultants and Advisory Boards 

Data on the distribution of consultants and advisors by occupational and 
organizational category within EPA are provided in Table C.14. It should 
be noted that this table shows consultant employment on a particular 
date and that the figures could vary considerably over a period of time. 

Personnel Allocation by Budgetary Categories 

EPA's personnel is also organized and allocated according to broad 
categories for fulfillment of the Agency's legislated goals. For budgetary 
purposes there are four main functions by which the Agency is work is 

•Bued OD data provided by the Personnel Management Division of the Environmental 
Protection Agmcy. dated October 25, 1975. 
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TABLE C.14 Distribution of Consultants, Experts, and Advisory Board Members by Occupational Categories and EPA 
Organization, 14 February 1976 

Water and 
Occupational Office of the Planning and Air and Wute Hazardous Relelll'ch and Regional 
Category Administrator Management Enforcement Management Materials Development OtTices Total 

Social sciences 1 1 11 2 2 17 
Management 3 s 7 4 4 1 24 
Biological sciences 3 14 17 29 1 64 
Medical 3 3 2 s 13 26 
Engineering 1 14 3S 12 1 63 
Legal 3 2 6 11 
Physical sciences 1 4 22 8 30 1 66 
Mathematics 2 1 3 2 8 
Other 1 4 4 2 11 - - - - - - - -

Total 16 6 2S 61 84 92 6 290 

SOURCE: Derived from unpublished data proYided by the Penonnel Manqement Dlvillon of the U.S. EPA (1976). 
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TABLEC.15 End-of-Year Employment in EPA by Budget Category, 
FY 1973-1977 

Number of Positions1 

1977 

Budget Category 1973 1974 1975 1976 Estimate Percent 

Abatement and control 3,179 3,671 3,703 4,232 4,230 44.3 

Enforcement 1,322 1,557 1,662 1,568 1,604 16.8 

Research and development 1,825 1,902 1,810 1,811 1,801 18.9 
Agency and regional management 1,698 1,859 1,773 1,822 1,798 18.8 

Other 246 214 212 117 117 1.2 

Total EDHf-Year2 

Employment 8,270 9,203 9,160 9,550 9,SSO 100.0 

1 Tbe total numbs of EPA employ .. II collltalltly clwlpn1. Tbil accounts for the llllabt 
clif'fermc:w ID total EPA employment lbown ID anwal tables of tbll report. 
2Encl-of· Year Employment resw-ta permanent politions. 

SOURCE: U.S. EPA(1974, 1976). 

characteri7.ed. The end-of-year employment in those broad categories for 
the past four years (FY 1973-1977) is presented in TableC.15. Ina very 
crude way these figures indicate the emphasis that the Agency has placed 
on the broad aspects of its programs. 

The heaviest commitment of manpower is in the area of abatement and 
control (44.3 percent in FY 1977). The abatement and control category 
includes programs providing for "development and implementation of 
environmental standards, monitoring and surveillance of pollution, 
pollution control planning, financial and technical assistance to state and 
local pollution control agencies, assistance to other federal agencies to 
minimize adverse impact of their activities on the environment, and 
training of personnel engaged in pollution control activities" (U.S. EPA 
1974). In each of the next largest categories, research and development 
and agency and regional management, EPA committed 19 percent of its 
personnel, followed by nearly 17 percent in enforcement in FY 1977. 

It is possible, however, to determine from budget data the EPA 
manpower commitment to the ditrerent categories of pollution abatement 
control. Table 4.2 of the Committee report presents employment figures 
by pollution control programs, as well as by the budgetary categories 
shown in Table C.15. Table 4.2 indicates the priority placed by EPA on 
water quality programs. In fact, if a proportional percentage of the 
management and support personnel are included, about 45 percent of the 
Agency's employees are working primarily on the implementation of the 
Water Pollution Control Act. Other interesting features of EPA's 
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personnel allocations include the relatively large number of research staff 
(261) who work in a number of areas (interdisciplinary designations) and 
the small number of people (21) assigned to do research on solid waste 
programs. 

The profile of EPA's manpower described by these classifications may 
change somewhat as the data are revised with current information. 
However, the main patterns are unlikely to change in any substantial 
way. The Agency has a fairly stable number of employees, about half of 
whom are classified in technical or scientific positions. The data indicate 
that EPA's scientific and engineering staffs are at least as well trained as 
others in government, with nearly 60 percent holding master's or doctoral 
degrees (Table C.11). At least in terms of personnel allocations, the 
Agency emphasis has been on abatement and control, rather than on 
R&D or enforcement. In R&D, EPA has been involved primarily with 
the implementation of water quality legislation, followed by a secondary 
interest in air pollution control. Emphasis on manpower development is 
low and seems destined to diminish further in the immediate future 
(Tables C. I, C.3, and C.4). 

EMPLOYMENT IN OlllER FEDERAL AGENCIES 

The federal government is a potential polluter as well as an important 
force in determining issues, such as land use, that profoundly affect 
pollution production and environmental quality. In this section, the 
Panel concentrates on the role of the federal government as the owner of 
potential pollution-generating facilities. 

According to a General Services Administration (GSA) survey of 
property owned by the United States throughout the world in 1973, the 
federal government's ownership of property in the United States amounts 
to 21,000 installations, including 400,000 buildings located on these 
properties, costing $32 billion (U.S. GSA 1974). Included in these costs 
are $7 billion for housing, $2.7 billion for industrial buildings, and $4.1 
billion for such institutions as schools and prisons. In addition, the 
government expended about $40 billion for facilities other than buildings, 
of which $8 billion provide for utility systems. In addition, the federal 
government pays $0.5 billion annually to lease buildings and facilities 
(U.S. GSA 1975). 

Although most of these facilities have either minimal pollution 
problems, or are included within municipal water supply and wastewater 
systems, many are served by separate treatment facilities. These facilities 
are not only required to meet federal standards, but Executive Orders 
11507 and 11752 specify that they be ••exemplary in the abatement and 
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control of water pollution" (U.S. Congress, House 1972). EPA reported 
that in 1972 there were approximately 9,320 federal wastewater treatment 
plants in operation, most of them under 1000 gallons per day capacity 
(see Table C.16). 

In 1971, EPA surveyed other federal agencies to determine the number 
and occupational level of personnel who devoted 25 percent or more of 
their time to water pollution control activities. The results of that survey, 
together with EPA's projection to 1976, are presented in Table C.17. The 
number of federal employees, other than those in EPA, who were 
engaged in water quality activities was 12,500, and the FY 1976 estimate 
for such employees was 15,800. Similar data were presented in a 1976 
EPA manpower planning document. 5 

In contrast to these results, the Civil Service Commission (csq listed a 
total of 900 wastewater treatment plant operators employed by the entire 
federal government in 1972 (U.S. CSC 1974). One explanation for the 
difference between the CSC and EPA figures is that EPA included 
workers whose involvement with water quality operations was part-time 
or seasonal, whereas CSC counted only those whose occupational 
classifications were in maintenance and operations of sewage disposal 
and water treatment plants. Table C.18 presents the 1972 Civil Service 
data, which indicate that slightly more operators were in water supply 
occupations than were working in wastewater treatment. This is 
consistent with the findings for state and local government personnel. 
Also apparent from Table C.18 is the fact that about nine out of ten 
workers in each category were employed by the Department of Defense. 

Again in 1975, EPA surveyed other federal agencies to determine their 
current and required manpower needs for water quality activities 
(Kauffman 1975). This study included only those plants with an average 
ftow of not less than 10,000 gallons perday,orrequiringatleast20man­
hours per week to operate and maintain, and covered a total of 1467 
water supply plants and 1286 wastewater treatpient plants. The employ­
ment figures are given in Tables C.19 and C.20. 

The estimate of a current federal water supply and wastewater 
treatment work force of about 5000 seems reasonable. The EPA report 
projects a 1977 requirement, based on each agency's estimate of its needs, 
for water supply personnel of 3038 and wastewater treatment personnel 
of3212. 

Requirements for federal personnel in air pollution control are more 
difficult to determine. The Office of Federal Activities in EPA prepared 

1U.S. Environmental Protection Apcy (1976) 1976 Preview on Manpower Development 
and Training. Wuhington. D.C.: U.S. Environmental Protection Apcy. (Unpubliahed) 
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TABLE C.16 Number of Federal Waste Treatment Facilities by Type, Function, and Capacity, 1972 

Number of Facilities 
Capacity 
(pllons per day) Industrial Sanitary Combined Total 

pl PS2 T3 p PS T p PS T p PS T 

1,000,000 or more 16 60 0 IS 113 0 0 0 0 31 173 0 
100,000 to 999,999 9 so 0 S2 316 s 1 3 0 62 369 s 
10,000 to 99,999 3 13 0 99 623 61 0 6 0 102 642 61 
1,000 to 9,999 1 4 0 801 1,228 101 0 0 0 802 1,232 101 
999 and under 20 2 0 3,411 2,298 8 1 0 0 3,432 2,300 8 

Total 4,429 4,716 11S 
Grand total 9,320 

1P=Primary treatment only. 
2PS=Primary and ncondary treatment. 
3T=Tertiary treatment. 

SOURCE: U.S. Conar-, Ho- (197:2). 
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TABLE C.17 Non-EPA Federal Employees Engaged in Water Quality Activi­
ties, FY 1971 and Estimated FY 1976 

Number of Employees 

FY 1976 
Occupational Category FY 1971 (estimated) 

Professional 
Engineer 2,300 3,200 
Sdentilt 2,300 2,700 

Subtotal 4,600 5,900 

Operator 4,200 5,600 

Tedmiclan 1,800 2,000 

Other 
Maintenance 800 900 
Related blue-collar worken 
Administrative 1,100 1,400 

Subtotal 1,900 2,300 

Total 12,500 15,800 

SOURCE: U.S. Coaar-, Ho111e (1972). 

TABLE C.18 Federal Blue.Collar Employment in Sewage and Water Treat­
ment Occupations, 31 October 1972 

Number of Employees 

Operation and Maintenance 
Agency of Sewage Disposal Plants 

Army 258 
NaYy 307 
Air Force 256 
Department of Interior 17 
Other Agencies 62 

Total 900 

SOURCE: U.S. CSC (1974). 

Operation of 
Water Treatment Plants 

335 
295 
355 

25 
63 

1,073 
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TABLE C.19 Federal Employees in Water Supply Plants by Agency and 
Occupation, 1974 

Number of Employees 

Management/ Operation/ Distribution/ 
Agency Supervision Maintenance Laboratory Pumping Total 

Forest Service 3 108 2 0 113 
Anny so 300 9 0 3S9 
Anny Corps of 

Engineers S3 296 10 67 426 
Navy /Marine Corps 46 249 11 17 323 
Air Force 69 S61 9 32 671 
Bureau of Indian 

Affairs 73 100 0 10 183 
National Park Service SS llS 2 19 191 
Tennessee Valley 

Authority s S2 s 0 62 
Others 40 113 19 1 173 --

Total 394 1,894 67 146 2,501 

SOURCE: Kauffman (1975). 

TABLE C.20 Federal Employees in Wastewater Treatment Plants, by Agency 
and Occupation, 1974 

Number of Employees 

Management/ Operation/ Collection/ 
Agency Supervision Maintenance Laboratory Pumping Total 

Forest Service 8 9S I 0 104 
Army S3 411 24 0 488 
Anny Corps of 

Engineers 23 142 2 3 170 
Navy/Marine Corps S6 318 11 2 387 
Air Force 100 693 28 47 868 
Bureau of Indian 

Affairs 14 41 2 8 6S 
National Park Service 38 107 4 11 160 
Coast Guard 8 S6 2 16 82 
Others 27 102 12 0 141 

Total 327 1,96S 86 87 2,46S 

SOURCE: Kauffman (1975). 
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TABLE C.21 Projected Capital Costs at Federal Installations for Air 
Pollution Control, by Agency for FY 1976 and 1977 

Agency 

Department of Defeme 
Energy Research and Development Administration 
Department of Agriculture 
Tennessee Valley Authority 
Department of Transportation 
General Services Administration 
Department of the Interior 

Total 

Projected Capital Costs 

FY 1976 FY 1977 

(dollars in millions) 

$141.8 s 53.7 
0.2 14.7 
3.0 0.1 

38.1 71.9 
0.8 

o.s 
0.2 

$183.9 $141.1 

SOURCE: U.S. EPA (1974, 1975) Pollution Abatement Needs at Federal Installations, 
Filcal Years 1976, 1977. A Report to the U.S. OMce of Management and Budget by the 
Office of Federal Activities of U.S. EPA. Washington, D.C.: U.S. Environmental Protec­
tion Agency. (Confidential) 

the figures in Table C.21 as estimates of future hardware costs to federal 
agencies in FY 1977 to meet pollution control standards.v Not 
surprisingly, the Department of Defense and the Tennessee Valley 
Authority (TV A) are the agencies most affected by air pollution control 
requirements. 

Figures in Table C.21 do not indicate the current inventory of air 
pollution control equipment in federal establishments. TV A and the 
military have, in some cases, already moved to meet state and national 
standards. TV A, alone, may spend a total of $350 million on its 
particulate emission program from 1958 through 1977 (Hudson and 
Greco 1974). It is difficult to relate manpower estimates to these spending 
patterns. The operation and maintenance tasks in current technologies, 

au.s. Environmental Protection At,ency (1974) Pollution Abatement Needs at Federal 
lmtallatiolll, Fiscal Year 1976. A lleport to the U.S. Oflice of Management and Budget by 
the Oflice of Federal Activities of U.S. Environmental Protection Ageacy. Wubington, 
D.C.: U.S. Environmental Protection Agency. (Confidential) 
'U.S. Environmental ProtectioD Agency (197S) Pollution Abatement Needs at Federal 
lmtallatiom, Filc:al Year 1977. A Report to the U.S. Office of' Management and Budget by 
the Oflice of Federal Activities of U.S. Environmental Protection Ageacy. Wubington, 
D.C.: U.S. Environmental Protection At,ency. (Confidential) 
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for example, are primarily capital intensive and not demanding of large 
numbers of workers in the federal sector. Therefore, the recent EPA 
estimate of 6500 federal workers in air pollution control may be 
excessive. 8 

To summarize, the federal employment of environmental manpower 
outside of EPA is not great, probably totaling less than 10,000. However, 
the number is significant because the federal government should serve­
both legally and morally-as a model for other government agencies and 
industries for control and abatement of pollution. 

PROJECTIONS OF FEDERAL EXPENDITURES 
AND MANPOWER NEEDS 
FOR POLLUTION ABATEMENT 

Direct federal spending for pollution abatement and control falls into 
three main categories. First, in terms of dollars to be expended, is the 
Construction Grants Program authorized by the Water Pollution Control 
Act, and presently funded at $18 billion. This program is intended to 
provide 75 percent of the capital investment needed by local governments 
to construct or improve wastewater treatment facilities to conform to 
federal effluent standards. 

Second, the federal government empowers the EPA to conduct and 
direct relevant research and development, to provide technical assistance 
and support to other governmental agencies and industries, and to 
enforce existing environmental regulations. EPA's responsibilities include 
abatement and control programs in the areas of water pollution, water 
supply, air pollution, noise, pesticides, solid wastes, and radiation. The 
Agency is funded at slightly more than $700 million for FY 1977, not 
including the Construction Grants Program or supplemental appropria­
tions (see Table C.5). 

Third, the federal establishment itself generates some pollution by the 
operation of its own facilities. Control of this pollution at federal 
installations will require initial capital investments and continuing 

'See note S above. 
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TABLE C.22 Capital Costs of Pollution Abatement and Control Programs for 
Federal Installations, by Type of Pollution FY 1974-1977 (Estimated) 

Capital Costs 

FY 1974 FY 1975 FY 1976 FY 1977 
Type of Pollution (Estimated) 

(millions of dollan) 

Water $237.8 $256.4 $373.9 $324.0 
Air 93.S 153.8 177.0 142.4 
Noise 1.9 1.8 24.0 10.6 
Solid Waste 4.7 
Pesticides 0.1 

Total $333.2 $412.0 $514.9 $481.8 

SOURCE: U.S. EPA (1974, 1975) Pollution Abatement Needs at Federal Installations, 
Fiscal Yean 1976, 1977. A Report to the U.S. Office of Management and Budget by the 
Office of Federal Activities of U.S. EPA. Washington, D.C.: U.S. Environmental Protec· 
tion Agency. (Confidential) 

operation and maintenance costs to conform to federal standards. Also, 
other agencies besides EPA conduct research and development on 
programs for pollution control. These control programs may equal or 
exceed the direct operational expenditures of EPA in any given year. 

Table C.22 shows the estimated cost of new capital investments that 
will be needed at federal facilities through FY 1977. Unless there is an 
abrupt change in current governmental policy, such expenditures will 
probably continue to decline after 1977 as the required equipment is 
placed in service. In contrast, operation and maintenance of this 
equipment will continue for the foreseeable future. 

Table C.23 summarizes the estimated federal expenditures for pollu­
tion control in the next decade. According to these figures, overall level of 
spending is expected to increase from approximately $3.5 billion annually 
in FY 1975 to a high of almost $7 billion in FY 1978, with the 
Construction Grants Program at its height. However, following 1978 the 
best estimate is that federal spending in this area will fall to a $1.5 billion 
annual "maintenance" level. 

Assumptions for these projections are based on analysis of the three 
categories of expenditures listed in the overall figures. First, it is apparent 
that most of the variability in spending is caused by the construction 
grat?-ts program. This is a one-time program with a specified time frame. 
Although some debate continues on the required amount that needs to be 
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TABLE C.23 Estimated Expenditures of Federal Pollution Abatement and Control Programs, FY 1975 through 1985 

FY FY FY FY FY FY FY FY FY FY FY 
Program 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 

(billions of dollus) 

Construction Grants Propam 1 $2.299 $2.400 $4.100 $5.200 $5.000 $3.160 $2.000 $1.SOO $1.000 s .500 s .000 
EPA operating programs .637 .785 .764 .707 .656 .636 .690 .700 .710 .720 .730 
Other federal agency abatement 

and control expenditures2 .635 1.282 .959 1.000 .900 .800 .700 .600 .500 .600 .700 

Total federal pollution control 
and abatement activities3 $3.571 $4.467 $5.823 $6.907 $6.556 $4.596 $3.390 $2.800 $2.210 $1.820 $1.430 

1 FY 1975 to FY 1980 based on unpublished U.S. OMB data; 1981 to 1985 estimates by Committee for Study of Environmental Manpower 
(CSEM). 
2FY 1975 to FY 1977 derived from U.S. OMB (1976) and unpublished U.S. OMB data; FY 1978 to FY 1985 estimates by CSEM. 
3FY 1975 to FY 1977 baaed on U.S. OMB (1976); FY 1978 to FY 1985 estimates by CSEM. 
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invested, the flow of federal dollars for this purpose is likely to stop 
completely by 1985, and probably before, if current governmental 
policies prevail. Another feature of the construction grants program is 
that it will have very little, if any, impact upon the federal government's 
need for additional personnel. The main employment effects will be felt 
in the construction and environmental control equipment industries, and 
for operation of the plants. 

The overall EPA operating budget can be expected to remain relatively 
stable throughout the next 10 years. Although OMB projects a slight 
decrease in Agency funding through 1980, it is unlikely that any major 
shifts will occur soon in the composition, funding patterns, or personnel 
of the Agency. As new priorities and concerns arise, EPA's management 
will have to shift resources away from established programs to newer 
ones to meet current demands. An example of this has been the shift of 
resources away from air and water pollution programs to water supply 
programs over the past year. Passage of a toxic substances law would 
cause a similar internal shift in expenditures. In terms of manpower, the 
implication is that there will be very little change in the composition or 
size of the EPA labor force in the next decade. 

Finally, the category of "other federal agency abatement and control 
expenditures" rises unsteadily and then declines after 1978 until 1983 as 
the construction phase of work on federal installations is completed, and 
normal operation and maintenance begin. Again, the employment impact 
of capital investment is on the construction and equipment industries, not 
on the federal establishment. However, increased federal employment of 
operations personnel is likely. As estimated by EPA, the number of new 
personnel for water-related activities will be about 1200 (Kauffman 1975), 
with proportionately fewer employees required for air quality operations. 
Therefore, it seems reasonable to project an incremental demand for 
2,000 to 2,500 new federal workers in pollution control operations 
through 1985. 

The pattern emerges of environmental funding being channeled 
through a federal establishment which will itself expand very little. Most 
of the federal pollution control dollars are channeled to state and local 
agencies, where they are used to buy capital goods and services. However, 
under present policy the funding of training grants is terminating. The 
federal agencies themselves will grow slightly where new operations are 
necessary, although very little, if any~ increase is anticipated in regulatory 
or enforcement functions. In the absence of any major policy changes 
EPA, in particular, can be expected to maintain its present size and 
funding level through the next decade. 
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TABLE C.24 Number of Positions and Funds Authorized for EP A's Water Quality Programs by Appropriation, FY 1973 
through FY 1977 (Estimated) 

Number of Positions and Funds 

FY 1973 FY 1974 FY 1975 FY 1976 FY 1977 

Fundhig Category Number Funds Number Funds Number Funds Number Funds Number Funds 

(dollars in thousands) 

Research and 
development 653 s 47,319 635 s 43,359 588 s 46,373 552 s 40,387 548 s 42,168 

Abatement control 1,515 78,892 1,691 106,572 1,664 111,191 1,830 148,846 1,816 115,172 
Contract authority - 50,000 - 100,000 - 150,000 
Enforcement 1,047 19,298 957 23,401 890 24,065 738 19,946 764 21,241 -- -- -- --

Total 3,215 $195,509 3,283 $273,332 3,142 $331,629 3,120 $209,179 3,128 $178,5838 

8Error in addition caused by roundln1. 

SOURCE: Data bllled on U.S. EPA buclpt 1Ummariel. 

~ 
~ 
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MANAGERIAL RESPONSIBILITIES 
FOR STAFFING IN EPA 

313 

Special personnel concerns of management were examined in this study 
to ascertain if major problems exist, specifically, those in connection with 
authorizations and funding for positions, and with recruitment, retention, 
use, and competence of employees. In this analysis EPA was used as a 
study model because its comprehensive legislative base and clear-cut 
mission, totally within the field of environment, made it more amenable 
to objective analysis than parts of other large federal agencies concerned 
to a lesser degree with environmental matters. 

In reviewing managerial responsibilities for staffing in EPA, the period 
FY 1973 through FY 1977 was selected as a base for analysis. During this 
period, the various environmental programs were consolidated within 
EPA and organiz.ation was begun for their operation. Furthermore, in 
1973 action was initiated to implement the Water Pollution Control Act, 
which authorized the largest program in EPA. EPA's environmental 
manpower experiences are compared in this section with other federal 
agencies in order to evaluate comparative federal environmental man­
power experiences in the specific areas of funding availability and the 
recruitment, retention, and use of manpower. 

AUTHORIZATION OF FUNDS 

The water quality programs of EPA demonstrate the growth and 
development of pollution control activity under the authority of the 
Water Pollution Control Act, as shown in Table C.24 for FY 1973 
through 1977. 

According to these figures, funds for EPA's water quality programs in 
the four listed categories increased approximately 70 percent between FY 
1973 and FY 1975, while at the same time the number of positions 
decreased slightly in the same period. Changes in EPA's personnel 
numbers are not correlated with the amount of contract authority shown 
on Table C.24 (of $50 million in FY 1973 and S 150 million in FY 1975), 
as these funds have little or no effect on direct federal employment. For 
all EPA programs, excluding construction grants, Table C.25 shows a 22 
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TABLE C.25 Number of Positions and Funds Authorized for All EPA Programs (Excluding Construction Grants) by Appro­
priation, Fiscal Years 1973 through Estimated 1977 

Number of Positions and Funds 

FY 1973 FY 1974 FY 1975 FY 1976 FY 1977 

Funding Category Number Funds Number Funds Number Funds Number Funds Number Funds 

(dollars in thousands) 

Research and 
development 1,961 $176,870 1,848 $152,642 1,834 $166,674 1,689 $149,232 1,678 $159,422 

Abatement control 3,479 215,638 3,682 248,714 3,750 271,363 4,236 326,191 4,230 329,574 
Enforcement 1,488 32,020 1,550 45,812 1,683 50,747 1,567 42,038 1,568 52,743 

Total 6,928 $424,528 7,080 $447,168 7,267 $488,784 7,492 $517,461 7,476 $541,739 

SOURCE: Data bued on U.S. EPA budpt 1ummarlel. 

~ 
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percent increase in funds, and an increase of 8 percent in personnel, 
between FY 1973 and FY 1976. 

Figures are not readily available on the breakdown of EPA's 
professional personnel by occupational categories drawn within pollution 
control programs. The conclusion may be drawn that because of the 
Agency's relationship to public works and industry, the water quality 
programs would require a large percentage of engineers. For example, 
review of plans, specifications, and field inspections of construction 
projects by the regional offices requires mainly engineers, whereas the 
pesticides program relies predominantly on scientists and laboratory 
technicians as specialists for management of these respective responsibili­
ties. 

RECRUITMENT POLICIF.S 

EPA and, so far as is known, other federal agencies involved in 
environmental matters have not established a formal program for 
recruitment. Furthermore, there is no evidence that active recruitment 
procedures are necessary. Public concern about the degradation of the 
environment, together with challenging work, and a highly competitive 
pay scale compared to that of most industry and state and local 
governmental employees, evidently have attracted people in adequate 
numbers to the Agency. In professional and scientific categories, job 
opportunities seem to be communicated informally to interested appli­
cants in sufficient numbers to fill available positions, with the exception 
of certain health specialists, such as virologists. Specific efforts to obtain 
trained personnel in these specialties have been only partially successful. 
The value of organized recruiting efforts for obtaining personnel with 
knowledge in these specific subjects is undetermined. However, some 
method is needed to ensure that adequate numbers of trained personnel 
in all specialties are available to the Agency to meet its commitments. 

RETENTION RA TF.S 

Data are not readily available for critical analysis of the retention rate of 
EPA's employees. As a general observation, some qualified individuals 
have transferred to other federal agencies from occupational categories 
not directly related to the environment. Others have left to join private 
industry, to enter academic institutions as teachers, or to engage in 
research. There is some apprehension that qualified employees, although 
not in large numbers, have left the Agency. No explanations are available 
on the causes for their departure, which may be attributed to normal job 
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changes or possibly to changes in emphasis from the environment to 
other programs such as energy. These are speculative observations, but, 
on the whole, the retention rate does not appear to deviate greatly from 
that of any recently-formed agency of the federal government. 

USE OF MANPOWER FOR RESEARCH AND 
DEVELOPMENT 

EPA's use of its environmental manpower can be improved. For 
example, it needs to expose its employees to advancing scientific 
developments. Discussions with personnel, both inside and outside of 
EPA, indicate the failure to define clear objectives in the Agency's 
research and development activities. Although considerable money flows 
into R&D at the Agency level, incentive appears to be lacking in pursuit 
of developing and learning new technologies, and those employees who 
demonstrate enthusiasm for various R&D projects dissipate their efforts 
in too many directions. Uncoordinated efforts in achieving objectives 
may result from indecisive managerial leadership, lack of knowledge, or 
both. Possibly, management is failing to define clear objectives under 
budgetary and personnel constraints within the Agency. For example, it 
seems that R&D expenditures for improvement of water quality, 
amounting annually to $40 to $50 million for the past several years, 
should have achieved more significant results. The Panel recognizes that 
changes in such factors as research emphasis, program responsibilities, 
and supervisory personnel may have caused unavoidable problems. The 
fact remains that such difficulties need to be studied and resolved. 

STAFFING IN OTHER FEDERAL AGENCIES 

In other federal agencies delegated with some responsibilities for 
environmental control, difficulties arise in definingjob classifications and 
funding for environmental projects. In part, this is because many 
employees engage in diverse activities that may involve responsibilities on 
environmental matters only as a subsidiary duty. For example, the 
Farmers Home Administration in the Department of Agriculture has a 
primary responsibility for agricultural rather than environmental prob­
lems, although the two are intimately related. Manpower devoted entirely 
to environmental concerns in similar agencies has not increased 
substantially in recent years, nor is it expected to do so in the immediate 
future. No concentrated effort is evident for recruiting or retaining 
environmental personnel in these agencies. 

Greater effort should be made in training operators for water quality 
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and waste treatment plants at federal installations than has been 
expended so far. Other training programs should be initiated periodically 
for air pollution control techniques, solid waste management, and 
occupational health hazards, but opportunities for training in these 
specialized fields are not sufficiently available. 

RECOMMENDATIONS FOR IMPROVEMENT 

In public meetings held by this Panel and by the Committee for Study of 
Environmental Manpower, the need was expressed by witnesses and 
interested members of the public for EPA on-the-job training that 
concentrates on fundamentals: (I) identification of problems; (2) 
collaboration by specialists in providing all available knowledge and 
insight into those problems; and (3) communication of that accumulated 
knowledge to the authorities who write the laws and regulations. The 
traditional academic doctorate programs do not develop capabilities for 
holistic evaluation of all information from a variety of sources and 
communication of the comprehensive knowledge to individuals who 
establish policies and write laws. For the most part, these qualifications 
for leadership are acquired by experience. 

Individuals without strong professional training in at least one 
academic field may have difficulty in directing others in the proper 
approach to solving problems. The "generalist" with second- or third-rate 
training in a variety of disciplines usuallY. has not proven useful in a 
leadership role. Only a few well-qualified people are needed for the entire 
country. Since they might develop from any discipline, certification 
would be extremely difficult. However, as they will be comparatively 
conspicuous, they may be judged by performance records. Leaders 
capable of dealing with interdisciplinary problems are needed in both 
corporate and governmental organiz.ations. 

TRAINING REQUIREMENTS 

Although there are shortages of trained personnel, salaries have not 
increased sufficiently to attract qualified individuals for the available 
positions, nor have students responded in their choices of academic 
subjects to meet requirements for job potentials in environmental careers. 
As a consequence, the supply of qualified individuals has not been 
keeping pace with the demand. 

In the past, training grants were offered to students to encourage their 
interest in environmental subjects. However, these funds have been 
severely curtailed, or have become virtually unavailable, because of 
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economic pressures on the former funding agencies. It was expected that. 
in part, research grants would replace training grants, but funding for 
research has declined during an inflationary period, with a consequent 
reduction of money available for training. At a time when requirements 
for trained technicians are increasing, federal financial support for 
training has declined substantially. Also, support is diminishing for 
summer jobs and cooperative study programs, which are important in 
supplying training for college students interested in environmental 
subjects. 

Witnesses at public hearings have testified that EPA and other federal 
agencies, as well as legislators at both national and state levels, regard 
environmental and related educational programs as momentary financial 
commitments that can be turned on and off like water faucets. Not only is 
substantial lead-time necessary to develop the facilities and faculty for a 
substantial environmental program in academic institutions, but once 
operation of this program has substantially declined, academic faculty is 
almost certain to devote its attention to other interests, and the facilities 
developed for study of environmental matters are replaced by other parts 
of the educational institution. Thus, the "on-off' approach to training 
funds may achieve an institutional response in terms of accepting funds, 
but an inadequate response in pursuit of research for which the funds 
were intended. 

The education and experience of college professors who teach subjects 
in the environmental field should be given as rigorous an examination as 
is now given for traditional disciplines. With the recently increased 
student interest in environmental subjects, broad, general courses on the 
environment have emerged. These may be taught by persons who lack 
specific knowledge in a given scientific field related to the environmenL 
Students in these courses are given a broad survey of environmental 
knowledge, but the courses often fail to provide the specific background 
needed to contribute significantly to effective monitoring or solving of 
environmental pollution. 

Universities and colleges should emphasize disciplines for analyzing 
problems as a primary goal in their training. Unfortunately, too few 
faculty members teaching general environmental courses have had 
practical experience in either research or in the field. 

With the current reduction of financial support for higher education, 
the expectations are slight that substantive new programs (except the 
generalized ones previously noted) will emerge in academic institutions to 
provide adequately trained manpower in environmental subjects unless 
there is an external stimulus in the form of training grants, or similar 
support from other sources of revenue. If all public programs were 
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dependent on uncertain supplies of trained manpower to staff them, there 
would be a public outcry. The shortage of trained individuals to meet 
problems that are of importance for preservation of a life-sustaining 
environment indicates that the public does not perceive the imminent 
dangers of failure to correct the current shortages of properly trained 
specialists. 

EPA's training programs for industry have been too limited for 
evaluation, but those offered were judged by industry as worthwhile, and 
their curtailment regretted. 

ADVISORY COMMITIEES 

The abolishment, or gradual dissolution, of federal environmental 
advisory committees, including one on manpower, has contributed to the 
problem of meeting environmental manpower needs and the establish­
ment of program quality control. As a result, one of the most important 
safeguards for maintaining standards of both personnel and programs 
has been eliminated. The abolishment of advisory committees may 
contribute to disregard of manpower requirements in environmental 
legislation. Lack of foresight in planning technological changes to meet 
future requirements also contributes to inefficient operation and prepara­
tion of programs for development of an adequate supply of manpower to 
meet future emergencies. 

LEGISLATORS AND ENFORCEMENT PERSONNEL 

Legislators who write the laws, and the officials who enforce them, ideally 
should have some experience or background knowledge of environmental 
subjects. As a minimum requirement, advisors with experience should be 
consulted at the time legislation is being drafted. For example, legislators 
proposing bills on coliform standards should have themselves, or rely on 
scientific advice for, knowledge of the subject before establishing rules 
and regulations governing standards and regulatory procedures. 

Analytical Procedures 

Many techniques may be adopted for assessment of environmental 
problems, but most of these are not subjected to thorough technical or 
scientific evaluation, comparable to analysis of structural steel, for 
example, by an organimtion like the American Society for Testing and 
Materials (ASTM). EPA has two alternatives for environmental research: 
the Agency may conduct its own studies internally, for which manpower 
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must be available, or it may place responsibility for evaluation upon 
outside organizations. In the latter instance, EPA needs to allocate 
manpower for liaison with committees of ASTM, which survey methods 
on environmental studies. The collaboration requires not only attendance 
at meetings by participating members of the two groups, but close 
cooperation with laboratory technicians in the field. 

The standards recommended by EPA for development of technical 
specialists, and methods for analysis, have not received adequate 
attention. For example, EPA has recently emphasized continuous flow, or 
"flow-through", bioauay tests. However, adequately trained aquatic 
toxicologists are not in sufficient supply to implement this recommenda­
tion in the near future (i.e., three to five years), nor is it likely that 
specialists in the subject will become available unless a major training 
program is initiated. This example is not extreme compared to many 
other methods that require sophisticated training (e.g., analyses of 
biological community structure). However, the example illustrates the 
effect that technological requirements may have on planning for future 
manpower. It is also worth noting that training appropriate manpower is 
impossible without adequate facilities. · 

Environmental manpower projections must consider also the specific 
jobs to be accomplished if certain environmental goals are to be realized. 
The manpower training programs should be geared to realistic objectives 
in meeting those goals. 

RECOMMENDATIONS FOR EVALUATING 
FUTURE MANPOWER REQUIREMENTS 

LEGISLATIVE OBJECTIVES 

With the passage of recent federal legislation, such as the Federal Water 
Pollution Control Act, the Safe Drinking Water Act, the Oean Air 
Amendments, and others, the federal government has decreed that 
certain environmental goals must be met. The Water Pollution Control 
Act, for example, specifies dates when specific environmental objectives 
must be achieved, and establishes procedures that ensure compliance. 
Although the law does not precisely delineate levels of authority, it 

Copyright © National Academy of Sciences. All rights reserved.

Manpower for Environmental Pollution Control:  A Report to the U.S. Environmental Protection Agency From the Committee for Study of Environmental Manpower, Commission on Human Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=20329

http://www.nap.edu/catalog.php?record_id=20329


Appendix C 321 

specifies that the primary responsibility for pollution abatement remains 
with state governments. The EPA Administrator has responsibility for 
implementation of the law and for management of the construction 
grants program. Step-by-step procedures are necessary for localities to 
request financial assistance for various waste treatment projects, includ­
ing surveys of requirements, facility planning (step 1), plans and 
specifications (step 2), construction (step 3) and, finally, operation and 
maintenance(NCWQ 1975b). 

The consensus among several authorities concerning progress in 
achieving the environmental goals of the Water Pollution Control Act is 
that the 1985 goal of zero discharge of pollutants may not be ·reached, 
nor, in fact, be feasible, environmentally desirable, or necessary. Some 
are more blunt and declare that the goals cannot be met on schedule, 
even with reasonable expenditure offunds. 

The intent of these comments is not to quarrel with the laudable 
objectives of the Water Pollution Control Act, or of any other environ­
mental legislation, but only to examine environmental manpower needs 
to achieve the statutory requirements of all environmental laws and the 
rules and regulations promulgated for their enforcement. Particular 
attention should be given to the apparent absence of projections of 
manpower needs in the process of drafting and evaluating proposed 
environmental legislation. 

Laws concerning the environment tend, by their very nature, to be 
directed toward the goals to be achieved rather than the process for their 
attainment. Costs offacilities are estimated, and frequently are underesti­
mated. For example, in the Water Pollution Control Act a federal 
expenditure of S 18 billion was projected at the time the law was enacted. 
Estimates based on recent surveys and studies demonstrate that this 
figure was far too low (NCWQ 1975a). 

A shortcoming in the process of developing environmental legislation 
is failure to develop realistic evaluations of manpower requirements for 
achieving goals on schedule. Statutory requirements for pollution control 
cannot be met unless sufficient supplies of trained manpower are 
available for such tasks as assuring that compliance requirements are 
being met. Also, programs must be initiated to train a supply of 
manpower to design and build advanced systems, where required, and to 
operate and maintain them. A contractor's study on the institutional 
constraints on environmental legislation concludes: "An efficient and 
effective program of operations and maintenance is essential to achieving 
the objectives of the construction program. Without efficient operation 
and maintenance, many of the dollars spent in construction will be 
wasted .. (NCWQ l 975b). The same report further advises that: 
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As treatment technologies become more complex, manpower requirements and 
associated costs increase. This increase is manifest in both the number of persons 
necessary to administer and operate plants as well as the amount and 
sophistication of training required. Many localities, which arc receiving federal 
grant funds or have made application for funds, have had limited levels of 
treatment in the past. Therefore, a need exists to increase personnel to handle new 
treatment requirements. In most instances, the local government salary structure 
docs not support the recruiting of highly trained personnel. In some municipali­
ties, on the other hand, the waste treatment department is not supported by taxes 
and changes to salary structures arc easily accomplished. In Dallas the water 
supply and waste treatment departments are solely supported by revenues from 
user charges and sale of water. In other cities, such as Baltimore, the Department 
of Public Works is subject to municipal civil service ratings and operators have 
traditionally been low on the civil service scale. Consequendy, salaries for . 
operators arc considered too low in some places to provide the level of expertise 
required for sophisticated treatment technology. 

These manpower factors should be taken into account when proposed 
legislation is considered by Congress, and not after the fact in reports by 
studies of progress long after a law has been passed. During the debate 
and hearings on proposed legislation by Congress, a careful and detailed 
assessment should be made of the amount and kinds of manpower 
required if all the installations to be built are to function correctly and 
efficiently. A ''manpower impact analysis" should be made prior to the 
passage of legislation, which would evaluate both the kinds of jobs and 
specialties of personnel necessary for accomplishment of goals. 

TRAINING 

The level of government that should assume the responsibility for 
training environmental manpower is a subject on which there are many 
diverse opinions. At one time, training programs in the environmental 
area were significant in numbers and largely because of these training 
programs the current nucleus of environmentally trained scientists 
became available. Similarly, the training programs for operation and 
maintenance personnel in the past have been most useful in improving 
the standards for operation of waste treatment plants. The Panel has 
grave concern about the future, however, as these programs have been 
severely curtailed and there is no evidence that alternative programs are 
being developed currently by the states to fulfill these training needs. Pay 
scales for persons working in environmental areas often have been low, 
and therefore provide little incentive for young people to pursue careers 
in environmental occupations. Industry is an exception where pay scales 
can be adjusted to attract personnel to meet job priorities, but 

Copyright © National Academy of Sciences. All rights reserved.

Manpower for Environmental Pollution Control:  A Report to the U.S. Environmental Protection Agency From the Committee for Study of Environmental Manpower, Commission on Human Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=20329

http://www.nap.edu/catalog.php?record_id=20329


Appendix C 323 

environmental personnel working for the government, particularly state 
and local governments, often are underpaid in relation to their education­
al qualifications. 

Recognizing this difficulty with salaries, the Panel believes that one 
way to help assure that this nation has an adequate and continuous 
supply of adequately trained environmental manpower is for the federal 
government to assume a leadership role in providing stipends and other 
incentives to encourage education and training of personnel to work in 
environmental areas. Also, salaries paid to environmental pollution 
control workers by state and local governments must be made competi­
tive. It is folly to assume that the environmental legislation of recent years 
will be fulfilled without greater attention to long-range planning which 
will assure that the necessary environmental manpower is available to 
perform the tasks necessary to achieve environmental objectives and that 
salaries are adequate. In fact, to concentrate on providing support for 
waste treatment facilities, for instance, as important as this is, without 
giving similar attention to the environmental manpower question, is not a 
prudent use of taxpayers' funds. 

CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSION I 

Past training programs supported by EPA have been most helpful in 
providing trained environmental manpower, but the Panel views with 
concern the lack of funding and planning for their continuation. It is not 
realistic to assume that training of needed environmental manpower will 
occur without incentive and financial support instigated by the federal 
government. 

RECOMMENDATION I 

• The federal government should provide more encouragement for 
professional people to enter occupations in the environmental field EPA, 
especially, should assume leadership for the responsibility in providing the 
supply of required manpower. 
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CONCLUSION 2 

No consistent view of future environmental manpower needs or policy to 
assure that future needs are met appears to exist within EPA. Also, no 
plan emerges for a concerted effort to deal with future environmental 
manpower shortages. 

RECOMMENDATION 2 

• EPA should develop and implement a policy for manpower development 
and regular evaluation of its policies in achieving its manpower goals. Specific 
attention should be given to an analysis of the kinds of specialization required 
to solve specific environmental problems, and to the development of training 
programs to ensure a continuing supply of trained personnel for these 
purposes. 

CONCLUSION 3 

Elimination of financial support for manpower training is detrimental to 
achievement of EPA's environmental aims. The cost of poorly designed 
and operated treatment facilities is greater than is usually anticipated. 
The Panel recognizes the need for a continuing supply of trained staff to 
operate and maintain existing and future sophisticated waste treatment 
plants. Evidence indicates that many plants are operating far below 
expected efficiency and capacity because adequately trained operations 
personnel is not available. 

RECOMMENDATION 3 

• Immediate steps should be taken to eliminate this defect by providing 
incentives to ensure that the necessary trained personnel are available. The 
fetkral government has a responsibility also to assume leadership in providing 
incentives and financial support for training and attracting qualified 
specialists for these positions. 

CONCLUSION 4 

Congress bas recognized the importance of environmental quality and 
bas enacted laws for improving environmental quality. However, it bas 
done this without adequate consideration of the manpower required to 
achieve desired environmental goals. 
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RECOMMENDATION 4 

325 

• Manpower requirements should be considered in drafting legislation on 
establishment of environmental standards and regulatory procedures and 
throughout the entire legislative process. This should prompt all agencies 
charged with administering statutory provisions to be responsive to manpower 
needs on a continuing basis. A thorough analysis of manpower requirements 
should be included in debates on proposed environmental legislation by 
Congress. 

CONCLUSION S 

In practice, a disparity exists between legislation authorizing action to 
protect the environment and subsequent appropriations for financing 
these activities. Laudable environmental goals in Congressional enact­
ments may not be achieved because of technological difficulties or 
financial strictures. 

RECOMMENDATION S 

• EPA should carefully determine the reasons for failure to achieve 
environmental objectives and identify obstructions to progress, whether they 
are technical complications, manpower policies, lack of funds, or other 
deficiencies. EPA should strengthen its communication with Congress 
concerning the technological and manpower considerations for effecting its 
environmental pollution control programs. 

CONCLUSION 6 

Manpower activities in EPA are relegated to a low priority. 

RECOMMENDATION 6 

• Program managers with the responsibility for manpower should be at 
sufficently high grade levels in the administrative structure of EPA, or a chief 
administrator should be appointed for planning and evaluating manpower to 
meet current and future needs. 

CONCLUSION 7 

Although the Panel has not analyzed the management of EPA in detail, 
the general view is that delays in reaching decisions may create a morale 
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problem. An observed excessive turnover of individuals in specific job 
assignments may also affect efficiency adversely. EPA personnel are 
highly trained and a special effort should be made to use their capabilities 
and maintain continuity in assignments. 

RECOMMENDATION 7 

• To improve managerial fanctiom, program administrators should be 
given the maximum authority required to accelerate action on EPA 's 
programs. EPA regulations need to be drafted based on technical realities 
with the technical input and legal input in proper balance. The tee/mica/ 
personnel in EPA should make greater input in developing rules and 
regulations. 
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ATTACHMENT 

Correspondence between the Committee and the Environmental Protection 
Agency regarding a proposed analysis of federal manpower needs under the 
Water Pollution Control Act and the Safe Drinking Water Act. 

NATIONAL RESEARCH COUNCIL 
COMMISSION ON HUMAN RESOURCES 

rom.m11 •oe .,,,.... 01 
llrTUIOlllllrnAl WA•POWla 

October 20, 1975 

Dr. ltu•••ll Train, Director 
&nvh'oraenul Protection AcJ•ncy 
tlat•r•id• Mall 
401 M StrHt, $.W. 
Wuhi1>9ton, D. c. 2002• 

Attentions ICezr inc;an Clou9h, Special 
Aa•i•tant to Adainisuator Train 

DMr or. Train: 

I aa vritinq on behalf of tt'.e o::..itt•• on Enviror.ental lllnpawer of 
the •tional Acad..y of Science•, and wi•h to requ••t additiou.1 data 
cc.pe.l'able to the inforaation nov available in Mlected arN•. 

We have learn.S that a atudy ha• been underway vithin the Environ­
Mntal Protection Aqency to •••••• the at.ate environmental .. npower needs 
to Nti.ty the requir-nta of the !i.&fe tirinkinq Water Act (PL 93-!.ll) &n1 
the Federal Nater Pollution Control Act (PL 92-500,. We have bten provided 
draft• of Jleport• 1 and 2 from t.hia EPA atudy on atate ~ency •npover needs 
for the illlpl ... ntation of the Safe Dr inkincJ Water Act. Then report• are 
entitled, •&etiN.te of State Water SUFply Aqeney Manpower Need••. and 
•t1anpower Planninq Criteria Kl.nu.al for SUte Water A9•nciee•. Aleo, we 
underetand that t.he corre•ponding report• fro91 the .. npower etudies for 
PL 92-SOO vill be. available 800n. 

We CClalM!nd EPA for .. kine; theee etudiea undertaken at the direction of 
Asaietant Adminhtrator J•ea L. A9••· We •re p1rticularly plMeed to ... 
the .. thodol09y u•ed whereby the •npower need• are determined baaed on 
job& that -.iet be done if the provieiona of th••• environmental enact.ente 
are t..J be aatiafied. It ia good thllt t.heeo analy••• are .. de on the baaia 
of the probl .. a vhieh -.iet be solved if the provisions of the Aeta are to 
be aatisfied •• opposed to relatinc; future .anpwer needle only to fu.nda t.hal 
are anticipated to be available. 

The Panel on Federal Environmental Manpower, operatini;i under the o:-­
•itteo, ha• inquir~ whot.her a •Ulilar etudy 111.iqht be done to •••o•• the 
federal ..-anpowcr needs to fully -•t the requirC'lllCnta of PL 92-SOO and 
PL 93-S23. We, thcrtofore. respectfully roqueat that the .... kind of •tudy 
bo made by EPA of federal aanpow~r needs •• has been -.de for the at.ate 
a9'lncy Nnpover noedt.. It vould appe.r that these eati.Mtea could beet be 
ba•cd on the a••u-rtion that the 1ttatea vil 1 •sswnc all functions appro­
priate under the provisions of the Acta. The EIA docufllG'ntation of federal 
N.n:x>wer est illlatcs "''Ould cornple:IM!nt theH cxc~llcnt atudic• already near 
C09Plet1on fo:tr the state Aqency manpover ncoos. 

1l1f N...._J 11.-n• C.-nl 11 , .. l'r1...:ip1il .,... ..... •I~ of IN Ner.o-J Ac-__, of St;,twH •-' '"' Nel...,.I Ac ... _, of [11,.....,..I 
,. Mrw JON"ll'Nlll •"' ., ................ 
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Dr. -Mll Train 
-ber 20, 1975 
.... 2 

Appendix C 

.. will cert.inly be apprec:iatiw if thaH •tudie• can be -­
br' DA in the ftNr future. .. are coaYinced tMt dw etudi•• -...•tell 
-14 be of Mjor a••i•t.nce to l:l'A in their -iate and 1- ra,.. plan­
nint and pJ'Oir .. iftlJ. The Civil Service 0:-i••ion'• ....,,_, of DA hMci­
querter• implied much • .. npower aneilyai• _.. accordint to the ~andum 
of Auiet.Ant Adaini•tr•tor Alvin L. Ala, dated Pllbruuy 6, 1975, OD the 
ca: evaluation of DA baadquarter•. 

The MS co-ittff on l:nv1-nul ...._r i8 -tted to -i4i"9 
auietuee to ... nift9ful aaae•-nta of future enviro.-ntal .. npower ...... 
.. believe the atudi•• EPA ha• under.y related to aute ..,enc;·~ 
needa for '9atevater and drinlr.iftlJ wter will be of pMt value. .. hope 
the COllpUlion atudiea raqueat.ed for federal •npower can be •de. Siailar 
atudin related to air pollution, 110lid vaat.ea, and pesticide• are W99Atly 
n-ed and w 1N99fft that the •- -lopi"9 the .,.ter pollution and drinlr.-
11'9 water aanpower atudie• a19ht undertake tbeM at.udiea for the at.ate 
-ncy and federal •n- -· U8i"9 tha ... hodol09Y thay haYe developed. 
If they do ao, it will be of ineati-..ble value to our Claaittee in our work, 
and ve believe of value to ua· in it• abort r•nv• •• wll •• long r•nt• 

-- p1.ann1..., • 

.. will be appreciative of any help DA can 91 .. on then requeata. , 

acr Charles Malone 
wu11- Kelley 
Stanton Var• 
Panel Chairmen 

..-T~~ ~ .. Cbllir..n 
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Dec'"'*"'r 8, 1975 

0.ar Mr. Oloyna: 

Mr. Train asked ... to respond for h1m to your inter or 
October 20. M you J11!1Y know, "" receiwd your letter last 
week Which expla1n8 the deJ.a.y 1n thia reapcnse. 

You, an bei.lf of your Com!ittee, recamll!!'lded to the 
Alll'rcy tl'Bt it unlertake a stuey to assese the l'loderal llllll>"""r 
needs to lll!!et th!> requ1rements or P. L. 92-500 and P. L. 92-523. 
I l'Bw reQ128ted Dr. Cleor'@ll! Pratt, Director of the Fducation and 
""- Planning Starr, to l!ll't 1n ta.ich w1 th you to further di.acusa 
your request. Dr. Pratt will recaunend to me the proper course 
or action tl'Bt, 1n his op1n1on, would be nast appropriate. 

Thank you for your letter and your ""~ k1n:l words about 
the state -r needs studies. 

Mr. F.ameat F. 01.oyna 
C<Jllllittee Olainnan 

Sincerely YOJrB, 

Kerrigiln G. Clau@h 
Special M&istant 

Ccnml.ttee for Stuey of Chv1rcrmmtal ~ 
National Research Council 
2101 Constitution Ave. 1 N.w. 
Wash1ngton, D. C. 2041~ 
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NATIONAL RESE:\RCH COUNCIL 
COMMISSION ON 111.'MAN RESOURCES 

cn1otntu rn••r11Dt or 
r••••o•NINtAL 1114•rnw1• 

Mr. Kerrigan G. Clough 

December 15, 1975 

Special Assi•tant to the Administrator 
Environmental Protection Agency 
1214 West Tower, Waterside Hall 
401 M Street, S.W. 
Washington, DC 20460 

Dear Mr. Clough: 

Appendix C 

This is in response to your letter of December 8 concerning 
my letter of October 20 to Adl!linistrator Train which apparently 
reached you only when Dr. Ware discovered that the original had 
not been delivered. lt is regrettable that this happened. Our 
initial objective in sending the letter was to seek assistance 
for the Committee through the performance of an analysis of 
Federal environmental manpower along the lines of the reports 
issued in August and November of this year on state water supply 
agency and water pollution control agency manpower needs 
respectively. 

A study of this type would be beneficial to EPA as well as 
to the C011111ittee in the fulfillment of it• responsibilities. 
Timing is important, however. ln order to be moat useful such 
a study should be done soon. The data upon which it would be 
based should be readily available so that a report could be 
completed with a minimum of effort and without delay. 

We will appreciate your early consideration of this request. 
lf any questions arise as to the Conmittee's needs in this 
respect, please contact Dr. Ware. Our study is going forward 
well and we hope to continue the excellent and cooperative working 
relationships which have been enjoyed with your staff since the 
beginning of this project. 

Sincerely yours, 

Earnest F. Gloyna 
Chairman 

Th# N•l•,.•l Rf'Harclt Co1t11nl 11 du• r,,"f,.i,.,I/ •'r''"''"l •1.-..•·Jt iol ,,,,. .\:,,,,,.,,., Artt.lr"'" ,., ~, ,,. .. ,,~ •"" 11tr N11ttC"11•I AtM•"'.11 flf l1tflflft'•111I 

''" .,..~•"'".'""'""''.a .. ,, "'''f'• ..... 111:111l11''"tf 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON. D.C. -

March 2a 1976 

Deer Dr. Gloyna: 

0F'ICl OF TMI 
AOM1t•ITUTOll 

The Avency hH con11dered your recom-ndatlon that we conduct 
a study of Federal manpower need• to meet the requirements of P.L. 92-500 
and P.L. 93-523. After careful and lel'l!Jthy review...,. advise you the~ It 
will not be pout bl• to undertake the 1tudy this fiscal year. We agree 
that 1uch a study wouli be ·'81Jable to the AIJency, and far this reHon, 
It wW be lnlrocluced Into Iha plannlnq proceu far studies durll'llJ FY 1977. 

A1 a practical matter a ::on11derable amount of Avancy re1ourca1 
would hava to be reprogrammed 'to ;ether. validate, and analyse the 
data. We have calculated that to do the 1tudy adequataly It would 
require the participation of every d1v111on In heedquartars and eW1ry 
r911lonel office and that the manpower expenditure would be 212 to 307 
total man-weeks. 

With the tlllht bud;et and personnel ceUlftlJ• that EPA must operate 
under this year -- and with the concomitant need for us to carry out Iha 
functions u119ned to the "9ency by the statutes -- we do not feel 
thet It 11 poaalble to divert personnel et thl1 time. 

I realise that the lnform.u~,,.. t~at "'' study could hava dewloped 
would hava been UHful to your Commit-. I do hope you understend 
an•I can appreciate our present situation. Perhap1 the Committee could 
IU99••t to us :1W!lth~s ~or manpower needs assessments which produce 
accurate results with minimum lnve1tments of manpower. 

Sincerely your1, . 

"4/ · ·v1171 IU . . • ~ ... ,f~r._J, .- t 
ICerrl;aif G . Clou; h 

Dr. Earneat F. Gloyne 
Committee Chairman 

Special Aaal1tent 

Committee far Study of Environmental Manpower 
National llAIHarch CouncU 
2101 Constitution Ave., N. W. 

WaahlftlJton, D.C. 20418 

cc:Dr. Stan Ware-N.Al: 
Dr. Charle• Malone 
Frank Lostumbo-EPJI 
Marton Ettleateln 
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APPENDIX 

D 
State and 
Local Aspects 

INTRODUCTION 

The National Environmental Policy Act of 1969 created a broad 
framework for restoring and maintaining environmental quality through 
improved agency decision making. Subsequent pollution control legisla­
tion prescribed goals and a time schedule whereby the nation's water, air, 
and general environment are to be rehabilitated and maintained at high 
quality, with major responsibilities vested in EPA.1 This report was 
prepared as source material for the Committee for the Study of 
Environmental Manpower in its analysis. Therefore, this panel did not 
dwell on the provisions of the legislation except to state goals and time 
schedules for implementation by state and local governments. 

In the case of water, the goal is to have navigable waters clean enough 
for .. the protection and propagation of fish, shellfish, and wildlife 
and ... for recreation in and on the water" by July l, 1983. Elimination 
of pollutant discharges into navigable waters is an objective to be 
achieved by 1985. With respect to drinking water, the Safe Drinking 
Water Act of 1974 required EPA to publish proposed interim primary 
drinking water regulations by June 1975, to take effect 18 months after 
promulgation. Secondary drinking water regulations were to be promul­
gated by December 1975. 

Goals for air include the establishment of national primary and 
secondary ambient air quality standards to protect public health and 
welfare. Plans were to be developed and implemented for establishment 
of primary and secondary air quality standards by 1972 and the 
attainment of these standards in all air quality control regions by 1975. 
1Natiollal Environmental Policy Act of 1969 (42 USC 4321 et seq. 1971; PL 91-190); 
Federal Water Pollution Control Act Amendments of 1972 (PL 92-SOO); Can Air 
Amendments or 1970 (PL 91-604); Safe Drinking Water Act or 1974 (PL 93-523); Raource 
Recovay Ac:t or 1970 (42 USCA Chapter 39); Noise Control Act or 1972 (PL 92-574); tbe 
Federal Environmental Pestic:ide Control Act or 1972 (92-516); and Reorganmtion Plan 
No. 3or1970, which established EPA u an independent agency in tbe executive branc:b and 
llliped to it various programs and responsibilities related to protection or the nation's 
environment. 
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Hazardous pollutants and fuel additives detrimental to the public health 
and welfare were to be identified and control requirements specified. nae 
Oean Air Amendments of 1970 require most new sources in all areas­
polluted or unpolluted-to apply "best available control technology," 
and that statutory standards of automobile emissions of hydrocarbons, 
carbon monoxide, and nitrogen oxides be accomplished. The statutory 
standards require that emissions of carbon monoxide and hydrocarbons 
from automobiles made in the 1975 model year be reduced 90 percent 
from 1970 standards, that emission of nitrogen oxides be reduced 90 
percent by 1976 from average emission levels in 1971, and that emission 
levels be reduced by stages in the meantime. The dates for compliance 
have been extended by Congress to 1977 and 1978. In addition, the 
Supreme Court in 1973 let stand a decision of the Federal District Court 
in the District of Columbia that EPA is required by law to prevent 
"significant deterioration" of ambient air quality in relatively unpolluted 
areas. 

The Federal Environmental Pesticide Control Act of 1972 requires 
EPA to register all pesticides sold in the United States. EPA is authorized 
not to register a pesticide if it will not perform its intended function 
''without unreasonable adverse effects on the environment" Registration 
must be either for "general use" or "restricted use," and a pesticide 
approved for restricted use must be applied by a certified applicator. 
States were given until October 1975 to submit plans for the certification 
of applicators and EPA was given until October 1976 to approve state 
plans. Applicators were to be certified by October 1976. 

Under the Solid Waste Disposal Act of 1965, EPA is required to 
recommend guidelines for solid waste recovery, collection, separation, 
and disposal. However, no target dates or mandatory authority are 
included in the law. 

The Noise Control Act of 1972 gave EPA the responsibility to control 
certain sources of noise. To carry out this responsibility, EPA was to 
publish criteria based on the identifiable effects of noise on public health 
and welfare, and to promulgate revised regulations by October 1974 for 
construction equipment; transportation equipment except aircraft, mo­
tors, and engines; and electrical and electronic equipment. The Act also 
required EPA, in consultation with the Department of Transportation, to 
publish regulations governing the noise emissions of interstate railroads 
and road vehicles engaged in interstate commerce, with appropriate 
consideration to be given to the cost of complying with the regulations. 

With respect to radiation control, responsibility is divided between 
EPA and the Nuclear Regulatory Commission. The Commission is to 
issue uranium fuel cycle standards and to develop, implement, and 
enforce standards for individual nuclear facilities. In May 1975, EPA 
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proposed standards for limiting the total quantity of radioactive materials 
entering the general environment from the whole uranium fuel cycle. 

OBJECTIVES AND METHODOLOGY 

The purpose of this report is to provide information about current levels 
of environmental pollution control employment by state and local 
governments, to project future personnel requirements for selected 
categories of environmental programs, and to identify and assess 
environmental personnel supply factors. Data and projections are 
presented for these categories of environmental activities: water supply; 
wastewater treatment; solid waste management; and air pollution 
control. 

ASSUMPTIONS IN THIS REPORT 

Projections are made on the assumption that the time schedules 
established in legislation will be met, even though in some cases it is clear 
that funding is not available to permit state and local governments to 
accomplish the goals set for specified time schedules. However, data are 
not available with which to estimate alternative time schedules, and it is 
imperative that the State and Local Panel of the Committee for Study of 
Environmental Manpower present information and analyses consistent 
with analyses of other Committee panels, which presumably are subject 
to the same data limitations. The unadjusted results of the entire study 
will, therefore, be biased on the high side in the early years of the 
projections. It may be possible to make adjustments of the estimates 
when the situation is clarified as a result of appropriations to accomplish 
legislative goals for protection of the environment. 

METHODOLOGY IN THIS REPORT 

The estimates of current employment and future needs in this report are 
based on numerous sources of information. There have been many 
studies that estimate current and future personnel demand in the 
pollution control field. While not in total agreement, these studies do 
permit reasonable estimates to be made of the existing labor force. 
Appropriate methodological comments and notations accompany these 
data as they appear in the text. 
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MANPOWER FOR WA.STEW.ATER TREATMENT 

LOCAL PERSONNEL NEEDS IN WASTEWATER 
TREATMENT 

The treatment and distribution of water supplies to consumers involve 
somewhat similar technologies and management procedures as those 
needed to collect and treat used, polluted water from consumers. While 
significant differences do exist, the systems are parallel in many respects 
within a given community, and the treated wastewater of one locality 
often contributes to the water supply source of another locality. 

Because of these similarities and interdependencies, the management 
and personnel of distribution and collection systems are sometimes 
shared or interrelated in a community. Even when this is not the case, the 
inherent similarities of the two systems might be expected to produce 
fairly common patterns of manpower use, at least in production stages. 
On the other hand, water distribution involves detailed metering and 
accounting tasks that are not directly associated with wastewater 
collection systems and one might therefore expect to encounter larger 
support and clerical staffs in water supply activities. 

The findings of the numerous research projects presented in this report 
generally confirm these expectations. While considerable disagreement 
still exists as to the size of the work force that is required, there are 
adequate data to make possible a set of "consensus" figures on the size of 
the currently employed work force. The situation is considerably less 
clear for the projection of future manpower needs. 

An estimated 21,011 wastewater treatment plants in the United States 
in 1974 served a population of approximately 154,950,000, or 72 percent 
of the total population of 214,000,000 (National Commission on Water 
Quality (NCWQ] 1975). A breakdown of plants by type of treatment in 
1974 is shown below: 

Primary Treatment 3,032 
Secondary Treatment 16,987 
Tertiary Treatment 992 

Total 21,011 

Based on plant inventory data from EPA and data from the Water 
Pollution Control Federation (WPCF), estimates of total wastewater 
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TABLE D.l Wastewater Works Employees in 1974, by Size of Population 
Served 

Population 
Size Group 
x103 

< 10 
10- 25 
25 - 100 

> 100 

Total 

SOURCE: Burke (1976). 

Population 
Served by 
Groupx106 

26.18 
16.58 
30.99 
81.20 

154.95 

Employees Employees 
per 10,000 in 
Population Group 

5.14 13,457 
3.76 6,234 
2.80 8,677 
1.53 12,424 

40,792 

treatment plant employees for 1974 have been calculated (Burke 1976) 
and are presented in Table D. l. 

Burke also distributed this total of wastewater treatment plant 
employees by educational level, using proportions in a 1969 WPCF 
survey. These data indicate the following distribution by training level 
(Burke 1976): 

College graduate 
Tec:bnical (but not college graduate) 
Uttle or no training 

Total 

4,089 
23,000 
13,703 

40,792 

It should be noted that these figures ex.elude workers in sewer 
collection systems. Training of these workers has been conducted on a 
more informal basis than that for other workers and with variable 
emphasis. depending on the local agency. 

After the WPCF study cited above was completed, the U.S. Bureau of 
the Census released results of a sample survey of public employment 
which indicates that 86,047 people were employed in October 1974 for all 
local wastewater collection and treatment functions (Table D.2). As the 

TABLE D.2 Local Government Employment for Sewerage Functions October 
1974 

All 
Employees 

86,047 

Full-time 
Employees 

76,000 

SOURCE: U.S. Bureau oftbe Census (1975). 

Full-time 
Equivalent Employment 

78,032 
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TABLE D.3 Water Quality Employment by Local Governments: 1971 Fiscal Year Inventory and 1976 Fiscal Year Projected 
Requirements 

Wastewater Sewage Design and 
Treatment Collection Administration Total 

Occupational 
Category 1971 1976 1971 1976 1971 1976 1971 1976 

Professional 
Engineer 1,400 1,800 1,600 2,000 600 800 3,600 4,600 
Scientist 200 300 200 300 300 400 700 1,000 

-
Subtotal 1,600 2,100 1,800 2,300 900 1,200 4,300 5,600 

Operator 29,700 38,600 - - - - 29,700 38,600 
Technician 3,200 4,200 - - 800 1,000 4,000 5,200 
Other 

Maintenance 2,100 2,700 1,200 1,600 - - 3,300 4,300 
Related blue collar 9,200 12,000 25,700 33,400 - - 34,900 45,400 
Administrative 400 500 - - 100 200 500 700 

Subtotal 11,700 15,200 26,900 35,000 100 200 38,700 50,400 

Total 46,200 60,100 28,700 37,300 1,800 2,400 76,700 99,800 

SOURCE: U.S. Congress, House (1972). 
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TABLE D.4 Estimated 1974 Local Employment in Water Quality Activities 

Occupational Wastewater Sewage Design cl 
Category Treatment Collection Administration Total 

Professional 1,900 2,100 1,080 S,080 
Operator 35,040 35,040 
Technician 3,800 920 4,720 
Other 13,800 31,760 160 45,720 

Total 54,540 33,860 2,160 90,560 

SOURCE: Panel eatimatea bued on Table D.3. 

treatment of domestic and pretreated industrial wastewater in the United 
States is almost ex.elusively within the domain oflocal governments, this 
figure should be an inclusive one. 

In a 1969 survey, WPCF found that treatment plant employees 
accounted for 47.3 percent of total wastewater utility personnel. By this 
standard, about 40, 700 of such jobs in local governments in 1974 would 
have been in the operation and maintenance of wastewater treatment 
facilities. The nearness of the WPCF (40, 792) and Census (40, 700) figures 
is noteworthy. 

Official EPA estimates of local wastewater personnel stocks and 
requirements, which were first presented in a 1972 report to Congress and 
reconfirmed in a 1976 Congressional report, are shown in Table D.3. The 
estimates are based on an inventory of wastewater facilities from the 
Storage and Retrieval for Water Quality Data (STORET) system and 
average staffing patterns from engineering studies. 

An extrapolation of the data in Table D.3 to estimate 1974 personnel 
needs yields the information shown in Table D.4. This shows an 
estimated 54,540 wastewater treatment plant employees in 1974, com­
pared to Burke's estimate of 40, 792 for personnel needed in this area and 
to 46,819 derived by taking 60 percent (the proportion of all water quality 
workers in treatment plants, as shown in Table D.4) of the full-time 
equivalent employment for sewerage functions, shown in Table D.2. 

A significantly higher estimate of current municipal wastewater 
treatment plant employment has been made by EPA and is shown in 
Table D.S. These data are based on the informed estimates of EPA 
regional personnel rather than on a survey or other direct data collection 
efforts. It is possible that the data are biased on the high side to 
underscore EPA concern with adequate manpower to comply with the 
Federal Water Pollution Control Act. 
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TABLE D.S EPA Estimates of Municipal Wastewater Treatment Plant 
Personnel Needs 

Occupational Current Manpower Manpower 
Category 1974 Projections 1977 

Operators 45,884 54,607 
Supervisors 11,537 13,460 
Maintenance 9,731 12,538 

Total 67,152 80,605 

SOURCE: U.S. EPA (1975) 1976 Preview on Manpower Development and Training. 
Wublngton, DC: U.S. Environmental Protection Agency. Unpublished report. 

TABLE D.6 Comparison of Estimates of 1974 Wastewater Treatment Plant 
Employment 

Derived from Derived from 
EPA Data WPCFData 

All Employees All Employees 
Occupational Category (Number) (Percent) (Number) (Percent) 

Professional/College 
Graduate 1,900 3.5 4,089 10.0 

Operator· Technician/ 
Technical 38,840 71.2 23,000 56.4 

Other/No Training 13,800 25.3 13,703 33.6 

Total 54,540 100.0 40,792 100.0 

SOURCE: Adapted from Table1 D.I and D.4. 

Table D.6 compares the Panel's adaptation of EPA estimates with the 
Burke distribution ofWPCF data (Burke 1976). 

Finally, Table D.7 summarizes what this Panel considers to be fair 
estimates of the size of the labor force now employed by local 
governments to collect and treat wastewater. The figures are derived from 
the data presented earlier in this report and are intended to provide the 
basis for a discussion about the value of studies in the area. They also are 
helpful for making projections of future demand and training require­
ments. It should be noted, however, that data are not available with 
which to make precise and reliable quantitative estimates of future 
personnel demands in wastewater treatment plants. A number of factors 
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TABLE D.7 Estimates of the Magnitude of Local Government Employment 
for Wastewater Collection and Treatment 

1974 1985 
Category Estimates Projections 

Total Wutewater Utility System 
Employment 85,000 127.SOO 

Total Treatment Plant Employment 45,000 67,SOO 
Professional 3,SOO 5,250 
Operatorfl'echnician 28,000 42,000 
Unskilled 13,SOO 20,250 

SOURCE: Panel estimate based on U.S. Bureau of the Census (1975) and Burke (1976). 

might affect the demand, including changes in the number or size of 
treatment plants or a shift in the complexity of the treatment required, 
such as from secondary to tertiary treatment. In these cases, there would 
be increased demand in the operator and professional categories. Also, a 
change in monitoring or testing requirements would lead to changes in 
the demand for laboratory personnel. 

For purposes of illustration, Table D. 7 shows an across-the-board 
increase of SO percent in employment for wastewater treatment by 1985. 
To some extent, this is based on the fact that 1974 operating expenditures 
by local governments for water quality control were about $1.5 billion 
(U.S. Bureau of the Census 1976) and this is based on an EPA estimate of 
incremental operation and maintenance costs to local governments of $2 
billion a year by 1985 to implement the Water Pollution Control Act 
(U.S. EPA 1976), an increase of about 35 percent. It is considered 
reasonable to assume a major increase in employment in this area. 

Another approach to projecting personnel requirements relies on the 
type of analysis cited at the beginning of this section. According to the 
NCWQ (1975), Table D.8 provides a likely projection of the population 
to be served by sewerage systems in 1990. 

With an estimated U.S. population of 234 million in 1985, and with 
about 82 percent expected to be served by sewers, the population with 
this service would be approximately 192 million. Using the methods 
employed in Table D. l, the projected wastewater treatment employees in 
1985 are shown in Table D.9. These50,728workersmadeup47.3 percent 
of all wastewater personnel. 

In addition to those employed in wastewater treatment, 56,519 persons 
would be needed by wastewater collection systems for a total employ­

·ment of 107,247. However, the total employment is an underestimate in 
the sense that it fails to take account of more advanced treatment and 
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TABLE D.8 Projection of United States Population Served by Publicly­
Owned Sewerage Systems 

Total Population 
Population Served 
by Sewen 

Year 

1970 203.2 
1990 (Estimated) 256.0 

SOURCE: NCWQ (1975). 

(population in millions) 

143.3 
210.2 

Pereent Served 
bySewen 

70.5 
82.l 

TABLE D.9 Projected Number of Wastewater Treatment Employees in 1985 
by Size of Population Served 

Population Population Employees 
Size Group Served by Per 10,000 Employees 
x 103 Group x 106 Population in Group 

~ 10 32.63 5.14 16,771 
10 - 25 21.l l 3.76 7,939 
25 - 100 38.39 2.80 10,748 

> 100 99.80 l.53 15,270 

Total 191.93 50,728 

SOURCE: Panel estimate. 

better staffing patterns than existed before the main impact of the Water 
Pollution Control Act. Therefore, it is safe to assume that the actual 1985 
demand will fall somewhere above this estimate and perhaps closer to the 
127,500 estimate in Table D.7. A third estimate is based on NCWQ data 
for 1973 and projections for 1990, as shown in Table D.IO(NCWQ 1975). 

Assuming that the changeover time is reasonably constant and 
continuous, there would be about 74,000 wastewater treatment employ­
ees and 76,000 collection employees by 1985, totaling an employment of 
about 150,000 persons. This figure, higher than the preceding estimates, 
probably represents the upper limit of likely employment in the 
wastewater field by 1985. 

STATE PERSONNEL NEEDS IN WASTEWATER TREATMENT 

Under the Water Pollution Control Act, the primary responsibility for 
monitoring and enforcing water quality standards lies with state agencies. 
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TABLE D.10 Manpower Requirements for Operation and Maintenance of 
Publicly-Owned Treatment Works 

Year 

1973 
1990 

SOURCE: NCWQ (1975). 

Thousands of Man-Years/Yeu 

Wastewater 
Treatment 

47,000 
85,000 

Wastewater 
Collection 

60,000 
82,000 

TABLE D.11 EPA Data on State Water Pollution Agency Personnel 

Estimated Employment 1971 
Projected Employment 1976 

3,600 
8,300 

SOURCE: Adapted from U.S. Congress, House (1972). See also Table 4.4 of the Com­
mittee report. 

These agencies are also responsible for planning and coordination for 
their jurisdictions. Because of these responsibilities, state agency man­
power will consist chiefty of highly trained professionals and technicians. 

Using information from state applications for program grants, EPA 
was able to determine the occupational composition and number of state 
agency personnel in 1971. This information is presented in Table D.11 
along with projections made in 1972 of future staffing requirements (U.S. 
Congress, House 1972). Assuming equal annual increments in employ­
ment, the total figure for 1974 would be 6400, a number consistent with 
the most recent data available, and 8300 in 1976. 

A useful study completed by EPA in November 1975 estimates that the 
states will require about 7300 people to meet their statutory obligations 
(U.S. EPA 1975b). Table D.12 summarizes the results of the EPA study, 
which provides the most reliable estimates that are available. Currently, 
employment by state agencies is about 1000 less than these requirements. 
However, the crucial thing about state agency personnel is not the 
number of persons, but the high skill levels needed. Thus, the real issues 
regarding the state work force involve qualitative rather than quantitative 
factors and relate to the effectiveness rather than simply to the size of the 
agencies. 

A summary of estimated state and. local agency employees required in 
1975 and 1985 for operation of wastewater systems is shown in Table 
D.13. 
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TABLE D.12 EPA Estimates of Personnel Needs in State Water Pollution Control Agencies to Meet the Requirements of 
the Water Pollution Control Act 

Professional Technical Other Total 
• 
1 j (I.I .. 

~ 0 t-

~ 
"' :i ·t i .. 8 s 

~ '::: ! • 
·i c:: .. ·I .8 .. u u 

.!! i '5 '5 0 Function i:i u c:: .:l u.i - 0 l&;j 0 

Oil and hazardous FT 185 136 73 394 
materials s 

Planning, training, and FT 118 79 138 335 
operator certification s 115 115 

Municipal wastewater FT 88 28 229 74 414 
treatment plant Q&Mb s 2 4 6 

Municipal wastewater FT 484 83 183 39 208 1002 
treatment construction s 

Monitoring and data FT 123 445 546 325 131 228 347 2145 
support s 38 5 43 

State water quality FT 202 108 45 182 122 659 
management planning s 

t 
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Aleawldll wute treatment ··--t plannlns Adllllalltradoa and 
iilpport 

Enforcement 

Laboratory quality 
assurance 

Research .l development 

Total 

Total FT .l S 

Estimated work years8 

8 FT=Full·tlme positions 
S=Shared pmltlona 

bShared pmltlona counted u ~ 
Operation a. Maintenance. 

cTotal affected by rounding. 

SOURCE: U.S. EPA (l975b). 

FT 
s 
FT 
s 
FT 
s 
FT 
s 
FT 
s 

FT 
s 

31 73 
8 5 

211 82 361 
6 

281 14 
17 41 

10 
45 

1169 916 1484 
8 17 252 

1177 933 1736 

1173 925 1610 

14 21 139 
3 25 41 

416 33 110 559 
109 lS 28 152 
144 39 264 1101 

1 7 
14 309 
41 99 

2 9 21 
7 46 98 

1292 229 131 477 1380 7078 
118 0 0 22 144 561 

1410 229 131 499 1524 7639 

1351 299 131 488 1452 7359C 

~ 
Vi 
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TABLE D.13 Summary of Estimated Personnel Needed for Wastewater 
Systems 

1975 1985 

Local Agency Employees 
Collection systems 40,000 66,000 
Treatment operations 45,000 62,500 
Monitoring and surveillance 3,000 3,500 
Engineering and design 1 2,800 3,000 
Research and development 400 500 
Planning and report writing 1,000 1,000 

Total 92,200 136,500 

State Agency Employees 6,420 8,300 

1 Includes private engineering firms. 

SOURCE: Panel estimate. 

MANPOWER FOR WATER SUPPUES 

In order to consider personnel needs for operational, managerial, and 
monitoring functions in water supply systems, it is important that the 
reader have some information on potable water programs. 

Concern with the quality of drinking water was entrusted to EPA with 
the passage of the Safe Drinking Water Act late in 1974. The Act required 
EPA to publish proposed interim primary drinking water regulations 
within 90 days and to promulgate revised regulations within 180 days (by 
June 1975); the revised regulations were to become effective 18 months 
thereafter. A primary regulation is defined as one relating to contaminants 
which may have an adverse effect on health. EPA was required to 
promulgate secondary drinking water regulations within 360 days after 
passage of the Act (by December 1975). A secondary regulation relates to 
contaminants which may adversely affect the odor or appearance of 
drinking water, or which may adversely affect the public welfare. 

The Act also required EPA to publish within 180 days proposed 
regulations for the states to administer regarding the underground 
injection of materials which might endanger drinking water sources. 
Then, EPA was required to promulgate revised regulations within the 
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TABLE D.14 Employees inPublicandPrivateWaterSupply Facilities in 1968 

Function 

Production 
Distribution 
Consumer services 
Financing 
Administration 
Management 
Other 

Total 

Number of Employees 

34,437 
59,952 
14,315 
15,628 
25,751 
19,007 
30,627 

199,717 

SOURCE: Adapted from Hudson and Rodriguez (1970) Water utility per10nnel statil­
tics. Journal of the American Water Works AllOciation 62(8):485-488. 

next 180 days. These regulations, published in May, 1975, proposed a 
permit system for the control of industrial dumping into "conventional 
wells," "shallow wells," pits, and septic tanks; for the control of 
municipal dumping into conventional and shallow wells; and for the 
regulation of subsidence control wells and wells for maintaining salt 
water barriers. 

The Safe Drinking Water Act applies to water supply systems serving 
as few as 25 persons. In 1975, Deputy EPA Administrator John Quarles 
advised the American Water Works Association that there were 240,000 
water supply systems of this size or larger in the United Statcs.2 

The magnitude of safe drinking water programs in the nation will 
depend on hu.ards found in drinking water supplies and how the nation 
reacts to them as well as to available technology. 

EARLIER STUDIES OF WATERWORKS PERSONNEL 

Several cooperative personnel surveys by the U.S. Public Health Service 
and the American Water Works Association produced some interesting 
data during the 1960s. These data, published in 1970 (Hudson and 
Rodriguez), indicate that total water utility employment in 1968 was 
about 200,000 (see Table D.14). It should be emphasized that the data in 

'Statement or U.S. EPA Deputy Administrator John Quarla to the 9Stb Annual 
c:oarerence or the American Water Works Allociation, Minneapolis, Minnaota, June 12, 
1975. 
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TABLE D.l S Local Government Employment for Water Supply Functions 
October 1974 

All Employees 
(Full-time and 
Part-time) 

129,000 

Full-time Employees 

115,000 

SOURCE: U.S. Bureau of the Censm (1975). 

Full-time Equivalent 
Employment 

118,000 

this table represent a reasonable estimate based on a 1968 survey of the 
entire water supply industry, both public and private. A 1974 report 
estimated that about 25 percent of the nation's water supply systems 
might be in private hands.3 If employment also was in this proportion, 
there would have been about 50,000 people employed in private water 
utilities and about 150,000 people working for local governments in water 
supply facilities in 1968, including a sizable number of persons in 
managerial, financial, and administrative positions. Census data gathered 
for 1974 (U.S. Bureau of the Census 1975) show a lower level of overall 
employment than was reported by the earlier study (see Table D.15). 

However, these sets of data are in close enough agreement that they 
can be examined to determine the rough occupation mix involved in the 
water supply effort. As shown in Table D.14, there were almost 35,000 
production workers, mostly operators, in 1968. In addition, some of the 
managers and distribution personnel reported in the Hudson and 
Rodriguez article required special skills associated with water treatment 
and supply. Altogether the group requiring special training in water 
treatment technology could be estimated at about 66,000, or one-third the 
total employment in the field. The remaining water utilities workers are in 
occupational categories that do not require such training. Application of 
the same ratio to the full-time equivalent employment in the 1974 Census 
data produces a local government work force requiring special training of 
about 39,000. 

Finally, the most recent EPA estimate• places the number of water 
supply system operators in government facilities at 51,800 in 1974. 

JOldahoma Foundation for lleaearcb and Development Utiliation, Inc. (1974) ~ 
ment of Manpower, Planning Criteria for Water Supply Systems. Prepared for tbe Oftk:e ~ 
Education, HEW. Oklahoma City, Okla.: Oklahoma Foundation for lleaearcb and 
Development Utiliation, Inc. (Unpublished report.) 
•u.s. Environmental Protection Agency (1975) 1976 Preview on Manpower Development 
and Training. Wahington, D.C.: U.S. Environmental Protec:tioa Agency (Unpublilbed 
document.) 
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TABLE D.16 Summary of Actual and Projected Employment for Water 
Supply Functions, 1974 and 1985 

1974 1985 
Estimate Projection 1 

Total Government and Private 
Water Utility Employment 180,000 198,000 

TreabnentPlantand 
Specialized Distribution 
Personnel 70,000 77,000 

Professional 6,000 6,600 
Operator/technician 52,000 57,200 
Unskilled 12,000 13,200 

1 Auumes JO percent Increase from J 974 employment. 

SOURCE: Panel estimates. 

Table D.16 summarizes what is considered to be a conservative 
estimate of the size of the water supply labor force based on the data 
presented above. Although the data are approximate, they are close 
enough for the formulation of national policy alternatives. The employ­
ment projections for 1985 are based simply on a 10 percent increase in the 
1974 employment to illustrate the effect of such a change on the number 
of skilled personnel employed. 

ST A TE AGENCY PERSONNEL NEEDS 

As is the case for wastewater management, the Safe Drinking Water Act 
places the primary responsibility for monitoring and enforcement with 
appropriate state agencies. There can be little doubt that state water 
supply staffs will increase sharply as a result of this and other new 
legislation. 

The EPA Water Supply Division estimated 1974 employment in state 
agencies as 400 to 500 professional and technical personnel (McDermott 
1975). More recently, EPA completed an analysis of state agency 
personnel needs similar to the one mentioned earlier for water quality 
activities. The EPA study included a definition of the legally required 
functions of state agencies, the development of measures for their 
anticipated work load, and the estimation of personnel requirements 
based on these data. Table D.17 provides a summary of the study results. 
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TABLE D.17 EPA Estimates of Personnel Needs in State Water Supply Agencies to Meet the Requirements of the Safe 
Drinking Water Act 

Professional Technical Other Total 
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These figures represent the best effort thus far to project state personnel 
requirements under the new water supply regulations. Although not 
indicating that a large number of new workers will be needed, the data 
strongly suggest that new employees will require highly specialized 
training in order to be responsible for complex regulatory tasks (U.S. 
EPA 1975a). 

MANPOWER FOR SOLID WASTES MANAGEMENT 

Historically, management of solid wastes has been shared at the local 
level by private enterprise and municipal governments. Sometimes, 
private enterprise has acted under contract to local governments and 
often it has been a direct contractor to the producers of solid waste in 
industry, agriculture, and mining. 

Potentially, solid waste management may be one of the most significant 
areas requiring training of personnel. Surveys in the past decade have 
indicated that about 4.5 billion tons of municipal, agricultural, industrial, 
and mining wastes are produced annually in the United States. The trend 
toward an annual increase in solid waste appears to be leveling off', partly 
due to recycling and resource recovery eff'orts which reduce the amount 
of solid waste that requires disposal. However, the actual production of 
solid waste is probably controlled by the level of activity of the national 
economy more than by any other single factor.5 

It can be expected that continuing environmental programs for air, 
water, and land-use control will add significantly to the burden of solid 
waste management. This is already evident with enactment of the Water 
Pollution Control Act and the Ocean Dumping Act, which preclude 
disposal of wastewater treatment residuals into our water environment 
Implementation of the Clean Air Act and the Safe Drinking Water Act 
also will produce similar residuals for which there is no apparent means 
of disposal other than on the land. Land-use control programs, 
stimulated by concern over contamination of both land and water, 
undoubtedly will place severe restrictions on future use of land for solid 
waste disposal. Essentially, this situation eliminates many of the options 
that have been available to solid waste management, and it leaves the 
future disposal of toxic and hazardous wastes-including the ever 
increasing agricultural wastes-subject to conjecture. 

llBued oa unpublished data assembled by the Los Angeles County Sanitation Districts. 
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Solid waste management legislation has been avoided by Congress 
except for a token effort toward manpower training and demonstration 
grants. This seems to have been on the basis that such waste is properly 
the concern of local and state governments. However, it should be noted 
that by the process of inverse condemnation, federal preemption of air, 
water, and land controls has meant that the Congress, in effect, has 
dictated what may not be done with solid wastes. Meanwhile, state 
legislation has been enacted by several states as an acknowledgment of 
the solid waste management problem and to stimulate comprehensive 
planning at the local level. California, for example, has enacted 
legislation requiring each county to prepare a comprehensive plan which 
must be approved by the State Solid Wastes Management Board before 
its implementation. The law also restricts the implementation of local 
facilities until the comprehensive plan has been prepared and approved 
on a county-wide basis. 

During the past decade, solid waste management has made a successful 
transition from open and burning dumps to the modem sanitary landfill. 
Although sanitary landfills have proved eminently more acceptable than 
earlier methods of disposal, their use now is being questioned on the basis 
that landfills are only burial grounds and should be replaced by recycling 
and other resource recovery. An exception has been the development of 
energy recovery from methane produced by the decomposition of 
organics under anaerobic conditions in deep sanitary landfills, such as 
those in Los Angeles County. In some areas, the availability of acceptable 
sites already has severely restricted the use of landfills for future 
consideration and has given rise to recycling programs and resource 
recovery as a replacement. It is apparent that solid waste management 
programs in the future will require the use of all forms of technology, 
including sanitary landfills, but in the foreseeable future, the quantities of 
wastes requiring disposal in landfills will be only fractionally reduced. 
Although data are not available and will vary from locality to locality, it 
seems reasonable to assume that not more than a 25 percent reduction in 
volume of solid wastes will occur over the next I 0 years as a result of the 
development and implementation of new technology. 

The number of people needed to collect municipal solid wastes will not 
change appreciably, although there may be a slight reduction as 
collection systems become more automated and the one-man collection 
vehicle becomes more the rule than the exception. With salvaging and 
recycling of usable material substantially augmented by separation at the 
source, future collection systems probably will be designed to maintain 
this separation until wastes are delivered to the processing station. The 
processing of solid wastes after collection is likely to become more 
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automated to save labor costs, making resource recovery cost-effective. 
This will require personnel who are capable of conceiving, designing, 
constructing, and managing automated systems based on developing 
technology. The personnel that will be needed for operation of final 
disposal facilities-largely, sanitary landfills-may decrease slightly as a 
result of the reduction in materials brought to the site; however, 
specifically trained manpower will be ·necessary to select, design, and 
manage these ultimate disposal sites. 

The first thorough study of solid waste management personnel was 
done in 1972 by Applied Management Sciences for EPA.8 This study 
included interviews of managerial and other employees of public and 
private solid waste organi7.ations. Table D.18 presents the basic personnel 
inventory of approximately 11,000 private solid waste contractors and 
3,000 municipal and county agencies doing collection and disposal of 
solid wastes in the United States at the time. 

Substantial support for the survey results is provided by recently 
released Census data on solid wastes management expenditures and 
employment in 1974. Table D.19 covers basic data for state and local 
governments. 

These figures are somewhat larger than the findings in the 1972 study. 
This is thought to be due to better sampling techniques and normal 
increases over time. Assuming that the same ratio of public to private 
personnel and the occupational distribution found in the Applied 
Management Sciences study is valid, the 1974 base level employment in 
solid waste management is extrapolated in Table D.20. 

Recently, the County Sanitation Districts of Los Angeles County 
completed a general study of current and future solid waste management 
problems. 7 In addition to municipa! wastes, the Los Angeles study 
focused on the rapidly increasing problems created by agricultural, 
industrial, and mining wastes. The personnel aspects of this research, 
while showing much larger numbers than the studies cited earlier, 
illustrate how great may be the solid waste problems that must be faced in 
the future (see Table D.21). 

The scope of these problems is also indicated by Table D.22, which 
shows the volumes of the various solid waste streams that were expected 

8Applied Management Sciences, Inc. (1972) Solid Waste Management Manpower: Profile 
and Analysis. Prepared for the Office of Solid Waste Management Programs. Wasbington. 
D.C.: U.S. Environmental Protection Agency. (Unpublished report.) 
'Los Angeles County Sanitation Districts (1976) Study on Manpower Requirements for 
Solid Waste Management - Municipal, Industrial, Agricultural, and Mining. March. Not 
pubUabed. 
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TABLE D.18 Distribution of Solid Waste Management Personnel, 1972 

Number Employed 

Job Categories Total Local Government Private 

Managerial 19,835 2,723 17,113 
General 19,212 2,356 16,856 
Other 623 367 257 

aerical 10,914 2,296 8,619 

Supervisory 11,470 6,286 5,177 
Collection/transportation 9,395 5,o78 4,323 
Disposal/other 2,075 1,208 854 

Sltilled Laborers 99,791 36,243 63,591 
Maintenance 8,967 2,179 6,788 
Collection/transportation 80,046 27,193 52,873 
Disposal/other 10,803 6,871 3,930 

Unskilled Laborers 84,729 54,344 30,402 
Collection/transportation 79,964 51,583 28,385 
Disposal/other 4,765 2,761 2,017 

Total1 226,739 101,892 124,902 

1Totala are inconect due to roundin1. 

SOURCE: Applied Management Sciences, Inc. (1972) Solid Waste Mana1ement Man· 
power: Profile and Analysis. Prepared for the Office of Solid Waste Manapment Pro­
grams. Washington, D.C.: U.S. Environmental Protection A1ency. (Unpublished report.) 

TABLE D.19 State and Local Government Solid Waste Management 
Expenditures and Employment, 1974 

Local Governments 
State Governments 

Expenditures 
(1973-74) 
(thousands of dollars) 

$1,936,354 
81,152 

SOURCE: U.S. Bureau of the Census (1976). 

Full-time Equivalent 
Employment (October 1974) 

123,207 
733 

for 1975 and 1985. Further tabulations presenting detailed estimates of 
current and future personnel requirements for dealing with the many 
aspects of solid wastes management are shown in Attachment D.I. Table 
D.23 summarizes these projections. 
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TABLE D.20 Manpower Distribution in Solid Waste Management, 1974 

Total Local 
Number of Government Private 
Worken Workers Worlten 

Managerial 23,925 3,293 20,632 
aerical 13,168 2,776 10,392 
Supervisory 13,842 7,601 6,241 
Skilled Laboren 120,492 43,825 76,667 
Unskilled Laborers 102,366 . 65,712 36,654 

Total 273,793 123,207 150,586 

SOURCE: Tables D.18 and D.19. 

TABLE D.21 Summary of Manpower Requirements Projected by Los 
Angeles County Study of Solid Waste Management 

Function 1975 1985 

Collection and Transportation 340,000 378,000 
Processing 96,000 129,000 
Disposal 53,000 67,000 
Research and Development 8,SOO 15,000 
Design 8,SOO 16,000 
Government Surveillance and 

Monitoring 10,000 20,000 

Total 516,000 625,000 

SOURCE: Los Angeles County Sanitation Districts (1975) Study on Manpo_, Re­
quirements for Solid Waste Management-Municipal, Industrial, Aarlcultural, and Minina. 
March. Not published. 

MANPOWER FOR AIR POLLUTION CONTROL 

The need by state and local governments for personnel to control air 
pollution is determined basically by two factors: the requirements 
imposed by the Federal Clean Air Amendments of 1970, plus require­
ments by other amendments, if and when legislated by Congress; and the 
schedules imposed by the Act, and as proposed by EPA in administering 
provisions of the Act not specifically scheduled. 

The basic philosophy of the law is that control of air pollution sources 
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TABLE D.22 Volumes of Solid Waste Generation Expected in 1975 and 1985 

Quantity ofWutes 
(millions of tons) 

Type of Waste 1975 1985 

Municipal Wutes 
Residential 102 115a 
Commercial 104 117a 
Demolition 30 34a 
Special 14 56b 

Subtotal 250 322 

Agricultural Wutes 
Animal manure 1,750 1,9708 
Crop residues 650 7308 

Subtotal 2,400 2,700 

Industrial Wastes 
Food processing 32 44 
Lumber 59 32c 
Chemical & petroleum 6 8 
Manufacturing 43 56a 

Subtotal 140 140 

Mining & Mineral Wastes 
Slag, culm, and tailings 1,700 2,000 

Subtotal 1,700 2,000 

Total waste stream 4,490 5,162 

aBued on an annual population Increase of 1.2 per cent. 
bProjection increase due to upgrading of sewage treatment facilities nationwide. 
clncreased use of lumber residues should result in a reduction of lumber industry waste 
by 1985. Projected restrictions on sewered waste should increase manufacturing wastes 
substantially. 

SOURCE: Los Angeles County Sanitation Districts (1975) Study on Manpower Re­
quirements for Solid Waste Management-Municipal, Industrial, Agricultural, and Mining. 
March. Not published. 
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TABLE D.23 Summlll)' of Manpower Requirements by Occupation, as Pro­
jected by Los Angeles Sanitation Study 

1975 1985 

Laboren 
(refuse collecton, maintenance crews, etc.) 249,000 289,000 

Heavy equipment operaton 
(dozen, scrapen, loaden, etc.) 49,SOO 58,000 

Heavy equipment mechanics 
(dozen, scrapen, loaders, etc.) 1,600 2,300 

Truck driven 135,000 150,000 
Equipment operaton 

(incineraton, material handling, etc.) 23,000 34,000 
Mechanics 10,500 14,000 
Engineen 

(design and research) 14,400 22,000 
Scientists 

(research) l,SOO 2,SOO 
Draftsmen 

(design) 6,000 12,000 
Technicians 

(operation and development) 2,000 2,SOO 
Surveyors 2,000 2,SOO 
Biologists 500 1,000 
Agronomists 2,000 4,000 
Animal researchen 1,000 2,000 
Sales personnel 8,000 9,000 
Administrative 

(regulatory agencies) 10,000 20,000 

Total 516,000 624,800 

SOURCE: Los Angeles County Sanitation Districts (1975) Study on Manpower Re­
quirements for Solid Waste Management-Municipal, Industrial, Agricultural, and Mining. 
March. Not published. 

is the primary responsibility of state and local government agencies. The 
federal role is to administer the provisions of the legislation at the federal 
level and to assist state and local governments, both technically and 
through grants, to carry out state and local control programs. Hence, 
EPA and its predecessor in air pollution control, the Public Health 
Service (U.S. PHS) of the Department of Health, Education and Welfare, 
have been involved in the personnel needs of state and local government 
control agencies. The purpose has been to make certain that adequate 
personnel is available to carry out the provisions of the legislation and to 
provide financial help for hiring and training required personnel, a form 
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of assistance that comes within the purview of the annual federal budget 
process. Hence, EPA data on the federal air pollution control program 
since its inception are unquestionably the most extensive and comprehen­
sive available; this report cannot be expected to duplicate these efforts. 
Rather, the role of the National Academy ofSciencesisoneofreview to 
determine the reasonableness of the projections for personnel that have 
been made in relation to implementation of the legislation and any 
anticipated amendments. 

ST A TE AND LOCAL RESPONSIBILITIES 

In carrying out their responsibilities for controlling air pollution at its 
source, state and local governments have undertaken extensive programs. 
As listed by EPA, their administrative and technical activities in these 
programs are expected to accomplish the following things: 

• develop a comprehensive air resource management plan, including 
short- and long-range goals; 

• select air quality goals and objectives; 
• develop plans to implement national ambient air quality standards; 
• develop a register of air pollution sources, their emissions, the degree 

of emission control, and related data; 
• measure air quality (this includes operation of a chemical laborato­

ry); 
• develop rules and regulations on pollutant emissions, operating 

practices, design of equipment, fuel composition, etc.; 
• evaluate the effects of pollution; 
• investigate public complaints; 
• initiate detection of violations of emission control and other rules 

and regulations applicable to stationary sources and motor vehicles; 
• negotiate and secure abatement of violations of rules and regula­

tions; 
• secure abatement of pollution from sources owned by local 

governments; 
• provide leadership and motivation for development and implemen-

tation of plans to reduce motor vehicle ~se and resulting pollution; 
• inspect pollution sources on an annual or other periodic basis; 
• issue operating permits; 
• develop abatement plans for industry groups; 
• measure pollutant emissions from stacks; 
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• prevent new sources of pollution through review of construction 
plans; 

• provide consultation services to industry and equipment purveyors 
on the means of emission control; 

• establish and operate a fee system; 
• conduct informal and formal hearings; 
• prosecute chronic and flagrant violators of the law and regulations; 
• to the extent possible, prevent (and, as necessary, manage) air 

pollution episodes and pollution from industrial and other accidents; 
• facilitate cooperation among local government agencies, such as 

those concerned with planning, zoning, transportation, solid waste 
disposal, water pollution control, and building and boiler inspection, and 
seek to cooperate with neighboring local governments; 

• design and operate systems for data storage and retrieval; 
• prepare regular activity reports and special topical reports to the 

public and to higher levels in the local government; 
• review environmental impact statements prepared pursuant to 

federal, state, or local law for their air quality implications; 
• provide on-the-job training, continuing education, and specialized 

air pollution training to agency staff; 
• conduct public information programs; 
• maintain liaison with, and provide information to, citizen groups 

interested in air conservation; and 
• maintain a library of technical literature, federal regulations, 

operational guidelines, and other materials. 

EPA and earlier the PHS, have made surveys to identify the public and 
private air pollution control work force and the critical skill deficiencies 
which necessitate training if the nation is to achieve its clean air 
objectives. 

In a 1967 survey reported by Cluster ( 1969), a total of 2521 full-time 
and part-time budgeted positions were found in 35 state and 136 local air 
pollution control agencies. Table D.24 provides an occupational break­
down of these positions. Using data such as these in assessing the 
personnel requirements of the Air Quality Act of 1967, PHS in 1969 
projected the total number of positions that would be needed at state and 
local levels. It was estimated that the requirements would be met by 1974. 
The results of the projection are given in Table D.25. 

After the Federal aean Air Amendments of 1970 were enacted by 
Congress, new responsibilities were given state and local agencies and 
EPA took over from PHS as the coordinating federal agency. In 1971, 
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TABLE D.24 Positions Budgeted by 35 State and 136 Local Air Pollution 
Control Agencies, March 1967 

Occupational Category Full-Tbne Part-Tbne 

Engineers 490 87 
Otemists 150 43 
Meteorologists 18 0 
Statisticians 17 0 
Sanitarians 147 146 
Applied Scientists 79 23 
lmpecton 480 43 
Technicians 196 26 
Processing Marulgen 42 s 
Miscellaneous 406 123 

Total 2,02S 496 

SOURCE: Cluster (1969). 

TABLE D.25 Personnel Needed by State and Local Agencies, by Occupa­
tion, to Meet Requirements of the Air Quality Act of 1967 

Occupational Category 

Engineen 
Clemists 
Meteorologists 
Sanitarians 
Other Professionals 
Inspectors 
Technicians 
Administrators and Clerks 

Total 

SOURCE: U.S. PHS (1969). 

Number of Positions 

2,156 
539 
121 
459 
381 

l.S71 
964 

1,811 

8,002 

when EPA conducted a personnel survey of state and local agencies, 167 
local, 53 state and territorial, and 44 multijurisdictional agencies were 
included. Tables D.26 and 4.5 of the Committee report show the results. 
These figures indicate that by April 1971 the state and local agencies were 
more than half\vay toward meeting their personnel requirements under 
the 1967 legislation (projected in 1967 by PHS as being 8002). However, 
the occupational profile of actual employment varied somewhat from 
expectations of the Public Health Service. 

Copyright © National Academy of Sciences. All rights reserved.

Manpower for Environmental Pollution Control:  A Report to the U.S. Environmental Protection Agency From the Committee for Study of Environmental Manpower, Commission on Human Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=20329

http://www.nap.edu/catalog.php?record_id=20329


362 Appendix D 

TABLE D.26 Budgeted Positions in Air Pollution Control Agencies by Type 
of Position, April 1971 

Full-Time Part· Time Vacant Total 

4,205 457 449 5,111 

SOURCE: U.S. EPA (1971). 

To project personnel requirements under the 1970 legislation, the EPA 
Office of Air Quality Planning and Standards (OAQPS) continued with 
the efforts begun earlier to develop a personnel planning model. The most 
recent model uses two matrices to estimate needs-the number of air 
pollution sources and the number of monitors (Lynn and Dean 1975). 
The model is currently undergoing some modifications and improvement 
(Sherman et al. 1975). In addition, the model is being extended to relate 
occupational categories to its basic parameters. 

A review study has found the OAQPS Manpower Planning Model to 
be generally indicative of the personnel requirements over large areas, 
such as states or regions; therefore it should be useful for indicating 
broad nationwide needs. However, a check on the validity of the model 
for projecting personnel requirements, which was done by comparing the 
model's projections with actual numbers of personnel in an EPA region, 
showed that it is not similarly indicative of needs for local or county 
agencies. In general, the model tends to underestimate these needs. EPA 
investigations indicate that underestimates of pollution sources probably 
are responsible for the model's low projections compared to detailed 
direct evaluation by surveys of state and local personnel requirements. 
Usefulness of the model to EPA has been primarily in incremental 
analyses in which personnel requirements are estimated for the imple­
mentation of new strategies. These incremental values are considered to 
be more valid than the baseline figures used in the model. 

As a result of the model's present shortcomings, EPA has based 1980 
projections primarily on surveys of state and local agency needs by EPA 
regional offices. These are shown in Table D.27, which also gives data for 
1974. 

The estimate of 5400 personnel for state and local control agencies in 
1974 is in general agreement with the budgeted and filled positions 
indicated in Table D.26 and Table 4.5 of the Committee report. It is 
substantially less than the needs estimated by PHS in 1969, shown in 
Table D.25, reflecting more substantial operating experience by state and 
local governments. 
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TABLE D.27 Air Pollution Manpower Needs for All State and Local Agencies 

1974 1980 198s• 

State and Local Air Pollution 
Control Agencies S,400 8,000 8,000 

Other State and Local Agencies 11,000 lS,600 lS,600 

Total 16,400 23,600 23,600 

8Estimated to be the same as 1980 (see text). 

SOURCE: Unpublished EPA eatlmates. 

EPA has estimated personnel needs in 1985 to be the same as those in 
1980 unless there are major changes in future federal legislation that 
would add significant new programs to the contemplated revisions of the 
aean Air Act. The consensus in EPA, with which this panel concurs, is 
that personnel needs for new programs initiated in the 1980 to 1985 
period would be provided for by phasing out earlier programs completed 
during this period. Hence, the estimates for 1980 to 1985 represent, as can 
be best ascertained at this time, a plateau that probably will be met about 
1982, rather than in 1980, due to the lag between actual personnel and 
authorized positions. Table D.28 has estimates for the occupational 
categories shown in Table D.27 for state and local air pollution control 
agencies. 

Differences between the 1980 estimate and 1974 experience reflect 
changes in program needs, principally a possible need for 3000 persons in 
motor vehicle inspection maintenance programs that are required to 
implement transportation control strategies in a number of the country's 
air quality control regions. Other new program areas that were taken into 
account in arriving at the projections for 1980 and 1985 include: indirect 
source reviews; transportation control plans; land-use planning; air 
quality maintenance; nonsignificant deterioration; parking management 
plans; environmental impact statements; provisions of the Energy Supply 
and Environmental Coordination Act; quality assurance; ambient air 
monitoring equivalent methods; and continuous source monitoring. The 
Table D.28 estimates, like those in the preceding table, show a personnel 
plateau during 1980 to 1985 and the consequent reprogramming of 
personnel from program areas that are completed or cut back to new 
activities. The phasing out of earlier programs accounts for the fact that 
personnel needs are expected essentially to number 8000 in both years. 

In addition to the personnel needs of state and local air pollution 
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TABLE D.28 Personnel Needs for State and Local Air Pollution Control 
Agencies, by Occupational Categories 

Category 1974 1980 198s• 

Director 360 527 527 
Supervisors 480 710 710 
Engineers 1,220 1,820 1,820 
Chemists 520 768 768 
Meteorologists 70 100 100 
Specialists S4S 800 800 
Technicians 745 1,100 1,100 
Inspectors 1,310 1,960 1,960 
Aides ISO 215 215 

Total S,400 8,000 8,000 

8Eatimated to be same 11 1980 (see text). 

SOURCE: Unpublished EPA estimates. 

control agencies, implementation of the Qean Air Act imposes personnel 
requirements on other state and local government agencies involved in 
ancillary activities. Examples include the use of highway police for visible 
emissions testing and observations; highway engineers to plan, design, 
construct, and maintain highways with regard to air quality; and agencies 
involved in regional planning, local zoning, housing, urban development 
programs, and the like. The overall estimates for these personnel are 
included in Table D.27. 

In considering the personnel requirements indicated in Tables D.27 
and D.28, it should be noted that the supply of personnel in the area of air 
pollution control is generally not restricted by the availability of people 
who have the required basic education and training. Rather, the 
attainment of adequate levels of personnel probably will be limited by 
budget constraints which affect the provision of additional speciali7.ed 
training, authoriz.ation of personnel, and the funding of personnel on a 
long-term basis. The problem of training to develop and maintain 
specialized skills is of major concern because programs that were 
established for this purpose during the years 1955 to 1972 have been 
reduced substantially in the past five years. 

In the operation of state and local government air pollution control 
agencies, the basic professional disciplines required for the most part are 
those of standard university disciplines-engineering of various types 
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(civil, chemical, mechanical, etc.), physical science, meteorology, and a 
number of other fields with specialized skills. Professionals comprise 
about 60 percent of the agencies' staffs, the balance being technicians, 
inspectors, aides, and clerical support personnel. Experience has shown 
that the marketplace has been able to supply the basic required 
qualifications, providing, of course, that adequate personnel ceilings and 
budgets are made available and that salaries are competitive. These 
situations do not exist in many states and local communities. However, to 
provide the diverse specialized skills required to operate an effective and 
efficient state or local air pollution control program, additional special­
iud knowledge is required to supplement the basic professional training 
offered by universities. These skills may be acquired on the job to some 
extent, particularly in large air pollution control organizations. But for 
the most part, special air pollution training outside the organization can 
most effectively fill an agency's needs, especially in small agencies, for 
new areas of endeavor, or to greatly shorten the period it takes new 
inexperienced employees to become fully effective. 

The aean Air Act provides for technical and financial assistance to 
state and local control agencies as a means to assure that the provisions of 
the legislation are carried out in an effective and efficient manner. To a 
large extent, these provisions are self-serving to EPA in that failure by 
states and local agencies to carry out the provisions requires that EPA 
step in and do the job. Historically, specialized training programs were 
included in the federal program, to the extent that competitive demands 
on funds would allow, when responsibility at the federal level rested with 
the PHS and in the early years of EPA. This continued until about 1972, 
when an OMB policy decision resulted in a gradual withdrawal by EPA 
in the provision of direct assistance for specialized training in air 
pollution control. 

When questioned by the Committee for Study of Environmental 
Manpower, an OMB representative advised that direct assistance for 
specialized training funds was no longer required because block grants to 
states would provide adequate funding and because the open market 
would be sufficiently responsive to meet state and local control agency 
needs. In the Panel's opinion, that position fails to recognize the 
hierarchy of control agencies in competition for training funds at state 
and local government levels or to indicate an understanding of the 
complexities of the requirements of the aean Air Act and the time 
responses demanded. Provision of specialized training funds and pro­
grams is more than an inherent segment of an effective federal program; 
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it is a wise and effective means to husband effort and time in the nation's 
attainment of its quest for clean air. 

Specialized training in air pollution provided by EPA and its 
predecessor organiz.ations has been in several forms: training of the short­
course type conducted by EPA's Air Pollution Training Institute (APTI); 
training grants to universities; fellowships; as well as specialized training 
and curriculum development. 

Training by APTI has been declining since 1972 when a user fee was 
imposed on government-sponsored training. Training grant funds and 
fellowships to universities or university consortia were drastically 
reduced or eliminated in 1976. This policy is being followed despite 
studies by EPA operating groups which indicate substantial unmet 
training needs for air pollution control, with serious impacts on the 
effectiveness of efforts to carry out the provisions of the aean Air AcL 
These critical skill deficiencies occur in areas such as: source compliance 
and air quality monitoring-critical areas associated with determining 
whether air quality programs are indeed being carried out on schedule; 
and management functions to keep programs up-t<Hlate in a rapidly 
changing technological world. The result of such deficiencies is that state 
and local agencies will have reduced capabilities to carry out their 
programs at a time when the work load imposed by the aean Air Act is 
increasing. 

The result of program failure at the state and local agency level will be 
to transfer responsibility to EPA for actual source control, source testing, 
and air monitoring. Keeping in mind that one-half of the funds expended 
by state and local agencies come from governments at these levels, while 
the other half comes from the federal government, the nation is faced 
with the problem of how to continue state and local financial support to 
air pollution control activities should these state and local efforts fail and 
the federal government assume full responsibility. Hence, the implica­
tions of adequate training are much greater than the degree of proficiency 
that technicians need to perform their tasks. Adequate training must be 
provided to optimize the use of monetary and human resources in 
meeting the requirements of the aean Air Act. 
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MANPOWER SUPPLY CONSIDERATIONS 

CERTIFICATION 

A vital part of the effort to halt the pollution of our environment is 
sometimes overlooked. Not only are there highly technical equipment 
and processes involved, but the necessary personnel must be highly 
trained, technically competent, and sufficiently motivated so that goals 
set forth in the legislation can be reached. No matter how much money 
and effort are expended to install facilities, it will be impossible to reach 
the nation's goals without competent and responsible management and 
operation of the facilities. Proper personnel planning is necessary to 
obtain maximum utilization of the existing labor force, although 
shortages in quality or quantity of personnel are not great at present. 

Staffing guides, with numbers and types of personnel with defined work 
loads, vary greatly because of the multitude of positions attributed to the 
environmental field. These range from the plant operator who may need 
only a high school education to the engineer, manager, and other 
employees who will need a college education to function properly along 
the lines of work set out for them. 

The factor that has done the most to identify the specifics for education 
and training and to improve employment in the environmental field, 
particularly in wastewater programs, is the certification of operating 
personnel. It is an accepted principle that this certification is an 
appropriate legal mechanism lo insure proper operation of facilities in 
which the nation is making heavy investments. Certification provides a 
selection process that gives management confidence in its employees. In 
tum, operators generally have recognized its beneficial results in raising 
their own technical abilities. The recognition of qualifications that are 
consistent with responsibilities to the public also lifts the status of 
operational personnel. One of the biggest incentives for operators to 
accept the certification program has been the improvement in their salary 
structure. 

A 1974 survey found that all SO states had some type of certification 
program for water and wastewater syste~ employees; 36 had mandatory 
certification programs for water supply workers, and 38 had mandatory 
programs for wastewater employees. Nine states reported voluntary 
programs in each category (Association of Boards of Certification [ABq 
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1974). Mandatory certification in all states appears imminenL These 
programs are definite assets in the skill improvement of operating 
personnel to meet the challenge presented by new and sophisticated 
plants now going on the line. . 

The survey cited above reported that 22,000 operators have been 
certified for wastewater under all programs-mandatory and voluntary. 
When allowance is made for turnover, expansion, and further extension 
of mandatory certification, it seems evident that a substantial training 
effort will be required. 

State certification requirements vary widely with respect to job 
coverage, education, experience, eligibility, types of certification, and 
permanence. "Grandfather" clauses have, in some cases, handicapped 
the attainment of qualified staff as these tend to reduce incentive to 
achieve full certification. On the other hand, the absence of such 
provisions in Wisconsin is reported to have led to "quickie" training. 
Divergent state certification standards result in wide differences in the 
qualifications of certified workers (ABC 1974). Although it seems 
unnecessary to have absolute uniformity of standards among the states, 
which are themselves so divergent, there is room for improvemenL 

A major step toward alleviating these differences in qualifications for 
certification was taken in 1972 with the formation of the ABC. This 
organization has been jointly sponsored and financed by the Water 
Pollution Control Federation, the American Water Works Association, 
the Council of State Governments, and EPA. The purpose of ABC is to 
develop uniform certification guidelines, to upgrade personnel qual­
ifications for operators of water supply and wastewater disposal systems, 
and to facilitate staffing of operating systems with competent personnel. 
ABC also has developed a proposed mandatory certification law to be 
implemented at the state level. Today, ABC is favorably received and it 
promises to provide much needed cooperation among the several 
authorities charged with responsibility for operator certification. More­
over, its certification and qualifications guidelines are eventually expected 
to lead to reciprocity among the individual states for the certification of 
operators. 

INSTITUTIONAL FACTORS 

For professional personnel, including engineers, chemists, biologists, and 
meteorologists, adequate educational facilities seem to be available to 
accommodate pre-entry personnel training needs. 

In the water quality control field, the big influx of personnel to manage 
the program at the state level under the Water Pollution Control Act 
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appears to be over. For example, the Division of Water Quality of the 
California Water Resources Control Board retained 62 new professional­
type people incalendaryear 1975; forthe 1977fiscalyear,startingJuly I, 
1976, it will be allocated 12 additional professional positions. An inquiry 
to one university indicates that, until now, there has been no problem in 
placing engineers in the environmental field. The employment situation 
was not as good for the forthcoming graduating class, but this may be a 
local problem. s 

One factor that could increase the number of professional people 
seeking jobs in wastewater treatment plant operation and other manage­
ment level positions in the environmental field is a higher salary schedule. 
As salaries continue to become more competitive, there should be an 
increase of professional personnel turning toward this field. 

TRAINING AND EDUCATION 

Professional and engineering staff are usually college trained and may be 
recruited directly from the campus. To an increasing extent, full 
professional training for sanitary and other engineers, chemists, biolo­
gists, meteorologists, and related disciplines, requires instruction beyond 
the standard four-year university curriculum. 

Training of technicians involves a wide variety of institutions. 
Technical institutes, junior and community colleges, the armed forces, 
and private industry are important sources of such personnel. Large 
numbers of technicians have two or three years of college training but 
have not completed formal degree requirements. If further training is 
required, they might attend community and junior colleges which are 
oriented toward specialized career training, are now located throughout 
the country, and as a rule are attuned to local needs. However, small class 
size might be a handicap. 

In some areas, state certification and training agencies have been 
important sponsors of training programs for local environmental 
pollution control plant operators who have skill deficiencies for jobs or 
for upgrading. South Carolina funded correspondence courses for 
operators as early as 1952.9 These training courses, which vary greatly 
among states in length and content, have been important in augmenting 
the supply of trained operators. 

Since the inception of a South Carolina-sponsored correspondence 

'Penoaa1 Communication by R.V. Daigh. Chief, Operator Training and C.crtification 
Oflic:c, California State Water Resources Control Board. 
'Penonal Communication by R. V. Daigh with Dr. John Austin, Oemson University, South 
Carolina. 
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course at Clemson University, another correspondence course, ""Opera­
tion of Wastewater Treatment Plants," was published by the California 
State University at Sacramento (Kerri 1970) and has been used 
extensively throughout the nation. In New York state, wastewater 
treatment plant operators attend either one-week or two-week training 
courses set up by the Office of Environmental Manpower of the New 
York State Department of Environmental Conservation. The courses are 
taught at the Polytechnic Institute of New York, Syracuse University, 
and the State University of New York College at Buffalo. Other examples 
of training available in the wastewater treatment field are a program in 
Neosho, Missouri, and the wastewater treatment program at Charles 
County Community College in Maryland. 

Another kind of training for wastewater treatment plant operators is 
.. hands-on" training, consisting of a treatment plant operated solely for 
this purpose. The San Marcos Training Center in California is such a 
facility. It offers a .. short course" training program and enrolls each year 
more than 700 trainees. to 

An adjunct to the .. hands-on" type of training is the mobile classroom­
laboratory that travels throughout a state and reaches remote areas where 
other means of training are not available. Both the in-plant and mobile 
training have been very successful, each serving a separate need. The 
mobile program would be the easiest to adapt to meet the needs of new 
program demands resulting from changes in legislation. Cost figures show 
it is the less expensive in terms of dollar-cost per trainee. 

EMPLOYMENT, SALARIES AND WAGES, 
AND WORKING CONDITIONS 

EMPLOYMENT 

As an industry, environmental pollution control by state and local 
governments is subject to diverse and complex personnel requirements. 
Solid wastes disposal, for example, has been characterized as a .. low skill" 
sector; in air pollution control, some 60 percent of the workers are in 
professional, technical, and managerial occupations; and there are wide 
variations between these extremes. Moreover, this activity, which may 
involve more than 140 different occupations, is subject to the varying 
employment conditions of communities in which it operates. 

In many small communities, for example, the scale of operations for 
wattr supply and wastewater systems makes it necessary to employ only a 

•OPenonal Communication by R. V. Daigh. 
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small staff. who are necessarily generalists. Recruitment of new employ­
ees is likely to be restricted to the local community and part-time 
workers. who have other local responsibilities, are not likely to develop 
specialized skills. or to perceive clearly the career possibilities in pollution 
control. 

SALARIES AND WAGES 

In the past, salaries and wages often have been too low to attract qualified 
personnel to the field of environmental control. In Michigan, wages were 
found to be lower in municipal wastewater treatment than for compara­
ble work in federal, state, or private employment, a condition that made it 
hard to recruit and keep workers (Walters 1974). Municipal water supply 
utilities consistently seem to pay lower wages than comparable investor­
owned utilities. A survey of professional and technical staff in air 
pollution control showed that, although the salaries of technicians were 
somewhat higher in the public sector, there was an overall differential of 
$3000 to $5000 per year favoring private over public sector employ­
ment.11 

On the other hand, salaries of municipal wastewater operators in 
upstate New York are not as low as these differentials may indicate. In 
1973, the average salary for a supervisor of a Type A plant (activated 
sludge) was $16,700 a year, and the salary ofanassistantoperatorin the 
same type plant was $8,100 a year (New York [State] 1974). Data for the 
State of California, in Table D.29, show a definite upward trend in 
salaries and wages in wastewater treatment jobs. 

WORKING CONDITIONS 

In the past, working conditions in wastewater treatment were not of the 
best and the position of the plant operator was held in low esteem. But in 
the last five years, the picture has completely changed as a result of the 
emphasis on the environment, the training for water and wastewater 
treatment plant operators, the plant modernization that has added new 
technologies to the operation, and, in many cases. a better wage and 
salary structure. The change in attitude of employees is enlightening. A 
modern environmental pollution control plant, which may be a commu-

11National Society of Professional Engineers (1973) 1972 Salary Analysis of the Private 
Sector of Air Pollution Control Personnel. Prepared for the U.S. Environmental Protection 
Apncy. Contract No. 68-02-0642. Research Triangle Park, N.C.: U.S. Environmental 
Protection Apcy. (Unpublished) 
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TABLE D.29 Salaries and Wages in Wastewater Treatment, State of 
California, January 1976 

City<ounty Public Works Departments 
(Five plants, maximum size 68 MGD) 

Operator 
Senior operator 
Chief operator 

Public Utility Districts 
(Tertiary plant, 7 .5 MGD) 

Operator I 
Operator II 
Senior operator 
Chief operator 

Municipal Plants 
(Activated sludge, 11 MGD) 

Assistant operator 
Water pollution control operator 
Supervisor 
Superintendent 

County Sanitation Districts 
(20 plants) 

Assistant operator 
Grade I operator 
Grade II operator 
Grade Ill operator 
Senior operator 

$1,452/month 
1,634/month 
1,814/month 

Sl,162/month 
1,291/month 
1,472/month 
1,655/month 

S 931 - $1,143/month 
1,122 - 1,377/month 
1,377 - 1,689/month 
1,725 - 2,118/month 

S 883 - $1,042/month 
1,083 - 1,194/month 
1,141 - 1,312/month 
1,220 - 1,484/month 
1,375 - 1,669/month 

SOURCE: Personal communication by R. V. Daigh, Chief, Operator Training and Certi­
fication Office, California State Water Resources Control Board. 

nity showplace, gives employees a sense of pride and attracts young 
people seeking work in a challenging field. 

Traditionally, public employees have been slow to join unions; those 
working in small municipalities have been the most reluctant to do so. 
However, the trend is now in the direction of union membership. A study 
of Michigan municipal wastewater systems found that, in 1974, labor 
unions were present in 40 to SO percent of the plants. As of January 1976, 
almost all of the large municipal plants in California had union members. 
Organized labor can be expected to take an increasing role in la­
bor /management relations in large wastewater systems. 

The trend toward union organization of public service employees has 
been stimulated by Executive Order 10988 (1962). Although this provided 
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that .. employees of the Federal Government shall have, and shall be 
protected in the exercise of, the right, freely and without fear of penalty or 
reprisal, to form, join, and assist any employee organization or to refrain 
from such activity," the measure has had the effect of encouraging state 
legislation to permit union representation of public service employees. To 
date, 12 states have adopted legislation authorizing a closed shop for 
public employees; 32 states have adopted permissive legislation; and six 
states remain silent on the issue. 

The unionization of public employees and, more specifically, the 
possibility that services may be withheld, poses a special problem for 
continued operation of water supply and wastewater treatment systems in 
such periods. These systems are designed to be dependent on highly 
specialized and competently trained personnel for satisfactory and 
continuing operation. Furthermore, the plants are required to operate 24 
hours a day, every day, and are constructed with built-in redundancy to 
avoid shutdown when there is equipment failure or other operating 
difficulties. The more complex and sophisticated processes necessary to 
meet the criteria specified by water pollution control and safe drinking 
water legislation require even greater attention and more highly trained 
personnel for satisfactory performance. 

It is readily apparent and urgently necessary that procedures be 
developed which will guarantee continued operation of water supply and 
wastewater treatment systems and at the same time guarantee labor and 
management rights within the context of collective bargaining proce­
dures. This problem needs to be considered by Congress if federally­
mandated standards, as set forth in federal pollution control legislation, 
are to be met. 

CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 

• Recent federal environmental legislation has been characterized by a 
deliberate and definite shift from ambient quality standards to quantita­
tive ,emission standards. The emphasis on technology, some of which is 
not yet available, apparently will continue and of necessity will draw 
heavily upon the nation's finite resources, including financing, energy, 
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and manpower. The measure of success to be achieved by this legislation 
will depend largely on the availability of specialized. highly trained, and 
competent manpower to conceive, design, construct, operate, maintain, 
and monitor the complex systems needed to meet mandated standards. 

• Based on a review of manpower needs and supply problems in air 
pollution control, manpower supply generally is not restricted by the 
availability of personnel with the required basic education and training 
requirements. Rather, it is affected more by the provision of additional 
specialized training, authorization of personnel, and the funding of 
personnel on a long-term basis in order to provide for continued 
evaluation of progress, reappraisal of goals and planning, and continued 
program operation. 

• "Hands-on" training is continuing through state and local training 
programs. Although available data do not indicate substantial 
deficiencies in numbers of personnel, the level of competency suggests 
that marginal operation of systems may be anticipated if existing facilities 
and those to be constructed to meet federally-mandated criteria are not 
satisfactorily staffed with competent people. 

• Effective environmental control systems must be operated on a 
continuous basis. One of the most serious obstacles to continuous 
operation of these control systems is work stoppages in environmental 
control facilities. Interruption of operations of technology-based environ­
mental protection systems can be particularly disastrous, causing serious 
damage to the systems as well as degradation of the natural environment 
and injury to the health of the population far beyond an immediate work 
stoppage period. 

RECOMMENDATIONS 

• To assure that there will be available the specialized professional, 
technical, and operational personnel needed to conceive, design, construct, 
operate, and maintain the technology-based systems mandated by federal 
discharge criteria, it is recommended that the federal government encourage 
and financially support substantially increased academic and other personnel 
training programs without farther delay. 

• Because some of the technology required to achieve quantitative 
emission standards is still in the developmental phase and because existing 
systems also may benefit from new developments in technology, it is 
recommended that federal support of research be maintained at a level of 
funding sufficient to expedite this work and to achieve compatibility with 
goals and deadlines established by federal legislation. 

Copyright © National Academy of Sciences. All rights reserved.

Manpower for Environmental Pollution Control:  A Report to the U.S. Environmental Protection Agency From the Committee for Study of Environmental Manpower, Commission on Human Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=20329

http://www.nap.edu/catalog.php?record_id=20329


Appendix D 375 

• It is recommended that EPA recognize and study the ove"iding 
necessity for continuous and uninterrupted operation of environmental 
protection systems if these are to be effective, and make appropriate 
recommendations to Congress. 

• The subject of training needs to be addressed by Congress and the 
Administration in order to clarify policy and to assure that manpower 
development and training programs are consistent with the mandates of the 
Clean Air Act. Support for this action is provided in reports by concerned 
organizations at the public meeting sponsored by the Committee for 
Environmental Manpowerin Washington. D.C., on January 16, 1976. 
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ATTACHMENT 

Tabulations prepared for Los Angeles County Sanitation Districts (1975) 
Study on Manpower Requirements for Solid ·Waste Management-Municipal, 
Industrial, Agricultural, and Mining. March. Not published. 
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TABLED.1.1 Municipal Waste Stream Manpower Requirements 

1975 1985 

Collection and Transportation1•2 

Truck driven 100,000 115,000 
Collectors (laborers) 120,000 135,000 

Subtotal 220,000 2S0,000 

Processing3 

Recycling by existing secondary materials industry: 

Laborers 40,000 44,000 
Mechanics 8,000 9,000 
Sales people 8,000 9,000 
Engineen 8,000 9,000 
Equipment operators 16,000 18,000 

Subtotal 80,000 89,0004 

Resource recovery by advanced technology plants: 

Equipment operators 3,000 
Maintenance personnel 1,SOO 
Engineen 1,000 
Laborers 2,000 

Subtotal 7,S005 

Disposa16 

Land Disposal: 7 

Heavy equipment operaton 12,SOO 16,000 
Heavy equipment mechanics 1,000 1,300 
Surveyors 2,000 2,SOO 
Laboren 12,SOO 16,000 
Engineen 1,000 1,300 
Maintenance personnel 6,000 7,900 

Subtotal 3S,000 4S,000 

Incineration and other methods: 7 

Opera ton 2,000 2,600 
Laborers 3,000 3,900 

Subtotal S,000 6,SOO 
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TABLE D.l.l (Continued) 

Research and Development8 

Resource recovery:9 

Scientists &; engineers 
Technicians ' 

Subtotal 

Solid Waste Management: 9 

Scientists &; engineers 
Technicians 

Subtotal 

Design of Facilities10 

Resource recovery: 

Engineers 
Draftsmen 

Subtotal 

Total 

1975 

500 
500 

1,000 

1975 

500 
500 

1,000 

600 
1,200 

1,800 

343,800 

1985 

500 
500 

1,000 

1985 

500 
500 

1,000 

1,200 
2,400 

3,600 

403,600 

1 National Commission on Materials Policy {1973). International City Management 
Association (1975). 
2Proportional to a 1.2 percent a year population increase. 
3National Commission of Materials Policy (1973). 
4 Represents expansion of existing recycling plants only. 
5or the 250 million tons a day of municipal wastes, about 1 SO million tons are wastes 
that can be processed. Assume that about 250 resource recovery plants with a capacity 
of 500 tons a day will be in operation by 1985. Estimated cost of constructina these 
Initial resource recovery plants is $7.S billion, based on an estimated construction COit 
of $30,000 per ton of daily capacity. Total penonnel requirements for each plant -re 
estimated at 30 people. 
6National Association of Counties Research Foundation (1971). 
7 According to the National Commission on Materials Policy, June 1973, 90 percent of 
collected municipal refuse was still going to land disposal sites. An estimated 8 percent 
of the urban refuse was being incinerated. The data for Incinerator operaton and laborers 
are b•ed on an -umptlon that 30 penona are required to operate a 500 ton-per-day in­
cinerator plant. 
8 Research and development is assumed to cost 1 percent of the cost of facilities. It is 
assumed the R&.D will be conducted to concentrate effort durina the initial three yean 
and remain constant throughout the development. 
91ncludes site investigation and monitoring. 
10eased on 1 o percent of the total cost for construction of resource recovery plants as 
design emphasis will be greater in 1985. A cost, Including overhead, of $30,000 per man 
year was used to determine personnel requirements. 

SOURCE: Los Angeles County Sanitation Districts (1975) Study on Manpo-r Require­
ments for Solid Waste Management-Municipal, Industrial, Asricultural, and Mining. 
March. Not published. 
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Appendix D 

TABLE D.1.2 Agricultural Waste Stream Manpower Requirements 

1975 1985 

Collection and Transport 1 

Equipment operators 25,000 28,000 
Laborers 25,000 28,000 

Subtotal 50,000 56,000 

Proceuin1.12 

Equipment operators 5,000 10,000 
Mechanics 2,SOO 5,000 
Laborers 7,500 IS,000 
Engineers l,250 2.SOO 

Subtotal 16,250 32,SOO 

Disposal 

It is assumed that other unprocessed wastes are disposed of on the land or in lagoons. 
Because this function is performed by farmers and ranchers, it is difficult to determine 
actual personnel requirements. 

Research and Development3 

Engineers A scientists 2,000 4,000 
Agronomists 2,000 4,000 
Animal researchers 1.000 2,000 
Biologists 500 1,000 

Subtotal 5,500 11,000 

Design of l'acilities4 

Engineers 2,000 3,000 
Draftsmen 3,000 6,000 

Subtotal 5,000 9,000 

Total 76,750 108,500 

1 Bo.cause mo11 collection and transportation will involve manures, these data are for ani-
111111 wastes stream only. The assumption is made here that an operator of a skip-loader 
and a l1borer will collect about 200 tons or wute per d1y ind 1nn1port them to 1 
processing or dilposal site. 
2This assumes that 2 5 percent of 111 1gricultunl wastes now ore being processed ind 
that this 1mount will increase to SO percent by 1985. Estimated plont size is J,000 tons 
per day. requiring 1bou1 10 people in each pl1nt. Data are based on total agricultural 
waste stream. 
3The authors have estimated th1t a cost of$ I 0.000 per ton of capacity would be re­
quired to construct proceuing plants. These plants may be simple bagging operations or 
sophistic1ted pyrolytic pl1nt1 and the plants could be incorporated with municip1I 
refuse plants. One percent of the construction cost is alloc1ted for research and develop­
ment. and coll including overhead of $30.000 per min year, wu used to determine the 
personnel requirements. In 1ddltion, much effort must be expended in research in the 
next 10 years to develop new methods to use qricultunl wastes. 
4 Based on 10 percent of the tot1I cost for construction of processing pl1nts. Design 
emphasis Is expected to increase by 1985. A cost including overhe1d of $30,000 per min 
year was used to determine personnel requirements. 

SOURCE: Los Angeles County S1nitation Districts (1975) Study on M1npo-r Re­
quirements for Solid Waste Managemen1-Municlp1I, Industrial, Agricultunl, and Mining. 
March. Not published. 
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TABLE D.1.3 Industrial Waste Stream Manpower Requirements 

Collection and Transportation 1 

Truck driven 
Laborers 

Subtotal 

Processing 

1975 

25,000 
25,000 

50,000 

Appendix D 

1985 

25,000 
25,000 

50,000 

Processing of most industrial solid waste production already has been incorporated into 
the municipal waste stream data in this report. 

Disposal 

The disposal of most of the industrial solid waste stream also has been incorporated into 
the municipal disposal data in this report. 

Research and Development2 

Engineen 500 1,000 
Draftsmen 500 1,000 

Subtotal 1,000 2,000 

Design3 

Engineen 500 1,000 
Draftsmen 1,200 2,600 

Subtotal 1,700 3,600 

Total 52,700 55,600 

1 Penonnel requirements are baaed on an estimated 10 tons per worker day. 
2Estimated penonnel requirement• for R&D are based on increased requirements few 
resource recovery and on restriction of sewered wastes and atmospheric pollution. 
Increased use of lumber residues ii fut becoming a reality; other industries are likely to 
follow suit. 
3These data auume that a two-fold increase in treatment proc-es for industrial wutes 
will take place. 

SOURCE: Loa Angeles County Sanitation Districts (1975) Study on Manpower Require­
ments few Solid Waste Manaaement-Municipal, Industrial, Asricultural, and Minin1. 
March. Not published. 
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TABLE D.1.4 Mining and Mineral Waste Stream Manpower Requirements1 

Collection and Transportation2 1975 1985 

Heavy equipment operators 30,000 35,000 
Truck drivers 30,000 35,000 
Laborers 40,000 45,000 

Subtotal 100,000 115,000 

Disposal3 

Heavy equipment operators 30,000 35,000 
Truck drivers 20,000 23.SOO 
Mechanics 3,000 4,000 
Maintenance personnel 10,000 12.SOO 
Engineers and technicians 2,000 2,500 

Subtotal 65,000 77,500 

Total 165,000 192,500 

1 A limited amount of processing of the solid wastes from minlnc and mineral extraction 
la now being done and Is not expected to increase. Therefore, the personnel requirements 
listed are those required to collect, transport, and dispose of slag, culm, and tailinas. 
2 Assumes a total of 15 percent of the 1975 solid waste disposal work force engaged In 

· the mining industry. U.S. Bureau of Labor Statistics data show this force at 650,000 
people. 
3Assumes a total of 10 percent of the 1975 work force. 

SOURCE: Los Angeles County Sanitation Districts (1975) Study on Manpower Require­
ments for Solid Waste Management-Municipal, Industrial, Agricultural, and Mining. 
March. Not published. 
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E 
Industry and 
Private Sector Aspects 

APPENDIX 

INTRODUCTION 

Past, present, and future requirements of industry and the private sector 
for environmental personnel can be estimated only with a great deal of 
uncertainty. Many people involved in environmentally related activities 
in the industrial and private sector perform these functions on a part-time 
basis, integrating their environmental work with other duties. Record 
keeping of such activities has been poor and may continue to be so unless 
major changes are made. Projections of personnel requirements are 
tenuous because of the widely varying assumptions that must be 
incorporated in them, including estimates of personnel use and require­
ments in the past. 

The purpose of this report is to summarize recent data on environmen­
tal personnel needs and to discuss a methodology for determining 
personnel needs resulting from government programs for the control of 
pollution in the environment. The report also describes shortcominp in 
the present data base and recommends steps that should be taken to 
improve the predictions. 

Before environmental personnel projections are undertaken, it is 
essential to define the area of study because the term "environmental 
personnel" can be narrowly or broadly interpreted. The environmental 
field covers a wide range of diverse activities, including such subjects as 
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shellfish sanitation. chemical product registration. public relations, 
industrial and occupational medicine, noise pollution control, waste 
recovery, air and water pollution control, and pesticide registration. 

For the purposes of this report, it is assumed that activities in four 
major categories will encompass most personnel requirements generated 
by legislative mandates and by regulations of the Environmental 
Protection Agency during the next 10 years. These four areas are: air 
pollution control; water pollution control; pesticide use; and noise 
pollution control. Solid waste management and radiation protection also 
involve environmental personnel in the industrial sector; however, these 
areas are discussed in the report of the panel dealing with state and local 
manpower requirements and are not treated here. A time span extending 
through 1985 was established as the study period because longer range 
projections, based on events that can be predicted only with marginal 
accuracy, become extremely nebulous. 

The private sector of the economy is involved in the four areas covered 
in this report in various ways, including planning and evaluation; facility 
design and construction; equipment design, operation, and maintenance; 
monitoring; research and development; and liaison with regulatory 
agencies. Since growth trends and the degree of environmental expertise 
that is needed vary considerably, these activities are examined individual­
ly. 

Planning activities functions are likely to increase dramatically as 
control agencies mature and as regulations become more sophisticated. 
Careful planning and siting of industries and other private businesses will 
be a major function that will require more environmental personnel and 
specialized training of people in a number of areas, including scientists 
and engineers. 

Facility design will require personnel with expertise beyond that used 
in normal civil engineering design, particularly when the purpose of the 
facility has major environmental consequences. Cost-effective solutions 
to environmental problems will dictate that people who design control 
facilities have a good understanding of process operations before design 
is attempted. The number of individuals who will need this training will 
be a significant percentage of all of the required environmental personnel 
in the scientific and engineering fields. 

Facility construction for environmental purposes is difficult to separate 
from general construction. However, it is anticipated that a significant 
amount of construction of environmental control equipment will occur 
and will require some expertise normally not available to general 
contractors. In this area, however, the requirements for personnel with 
environmental training will be small. 
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Equipment design and fabrication will be a growing sector as the 
pollution control industry continues to expand and as sophisticated 
pollution control equipment-electrostatic precipitators, ftue gas scrub­
bers, chemical-physical water treatment units, and the like-are used on a 
larger scale. To best use advanced technology, personnel with training 
and experience in the environmental control area will be needed in the 
manufacturing, distribution, and installation of pollution control equip­
ment. However, although a large number of people will be required, the 
extent of training in environmental fields will not be great for most of 
these people. 

Perhaps the largest personnel requirement in the private sector will be 
for the operation and maintenance of pollution control equipment. As the 
inventory of control devices increases, personnel requirements also will 
increase. Unlike design engineers, who can accomplish one design 
function and then direct their efforts to a new project, equipment 
operators and maintenance crews are needed for the life of the 
equipment. To insure maximum effectiveness of control facilities, their 
operators and, to a lesser degree, their maintenance crews should be 
properly trained. This training function will have to be large scale and 
continuous and, for the most part, it will be at or below the two-year 
college level. 

Environmental monitoring is just beginning to reach an accelerated 
growth phase. All new environmental regulations probably will result in 
increased activity in this field. Research and development on techniques 
for siting, operating, analyzing, and using environmental monitoring 
networks will require a significant number of highly trained environmen­
tal specialists. 

Environmental control R&D is an ongoing commitment that will 
continue and, perhaps, accelerate in the private sector. It is expected that 
the present proportion of environmental personnel dollars that are spent 
in the research and development area is a reasonable measure of future 
needs, with the proportion gradually increasing as standards and criteria 
become more restrictive and technologies more complex. 

The liaison role is a relatively new function created by the need for the 
private sector to communicate with control agencies as regulatory 
activities have increased. Personnel requirements for this function are 
expected to continue to grow. The training that individuals need to carry 
out liaison with government agencies will vary from industry to industry, 
but it is anticipated that they will require a good technical base in the 
environmental area ~ well as good management and communications 
skills. 
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SPECIAL PROBLEMS OF SMALL BUSINESS 

Whereas government and large industry can respond directly to the 
increased demand for trained personnel as reflected by federal or state 
laws and regulations for the control of environmental pollution, special 
problems are created for small business and farmers. Such problems may 
result from new requirements in air pollution control as, for example, 
prohibitions against the burning of trash; water pollution control, in 
which the runoff from farms and feedlots is of concern; wastes 
management; and use of pesticides. Due to the difficulties in responding 
to these environmental concerns, there appears to be a sense of 
frustration-a feeling of being overwhelmed by bureaucratic regulations 
and encroachment-in small industry and in the agricultural sector. 

The greatest unmet personnel needs for farmers and small business are 
for adequate technical assistance-for information and advice on the 
nature of the new regulations and the options that are provided for 
response. In the agricultural sector, the need for technical assistance is 
being partially supplied by the Cooperative Extension Service, the land­
grant universities, and the U.S. Soil Conservation Service. For small 
business and industry outside agriculture, there is no organized system at 
present to provide technical assistance and advice. Most regulatory 
agencies do not provide much guidance or help for environmental 
corrective measures. 

The Panel does not anticipate that small business, farmers, and 
ranchers will employ any more scientific or technical environmental 
personnel than they now have available, although the need exists. The 
response to this need must come, if it is supplied, from government. 

METHODOLOGY AND DATA FOR 
PREDICTING FUTURE 
ENVIRONMENTAL PERSONNEL NEEDS 

METHODOLOGY 

Projections of future environmental personnel needs must be based on at 
least two considerations. First, some indications of these needs can be 
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obtained by carefully analyzing available data on needs and trends in the 
past. Second, some judgments must be made about the rapidly changing 
environmental arena and the resulting personnel shifts that will occur. As 
environmental control becomes more sophisticated and as the upgrading 
of existing facilities is completed, activities will shift from improving 
existing facilities to the planning, siting, and development of modern, 
low-polluting production units. In addition, great emphasis will be placed 
on impact analysis, pollutant effects, economic analysis, and research and 
development activities. This will place new demands on environmental 
personnel that must be incorporated into any long-range projections of 
the numbers of people and the kinds of training that will be required. 

A number of studies have been undertaken to determine the relation­
ship between environmental activities and personnel requirements. Some 
information on scientific personnel requirements is available in special 
studies done by the Bureau of Labor Statistics (BLS) in the U.S. 
Department of Labor ( 1975), and by nonprofit research organizations for 
the National Science Foundation (NSF) (Lecht et al. 1974). The first of 
these studies used a version of the input-output approach to estimate the 
scientific personnel requirements generated by expenditures for plant and 
equipment, operation and maintenance, monitoring, and research and 
development in the area of pollution control. A number of assumptions 
about the future must be built into this framework, although several 
important considerations, especially labor market developments, are 
difficult to predict. Basic to these assumptions is the definition of direct 
and indirect environmental activity and of what can be considered an 
environmental expenditure. 

Other studies (Lecht et al. 1974) have developed a methodology for the 
projection of future personnel needs based on levels of expenditures for 
capital purposes, operation and maintenance, and research and develop­
ment. Although projections in the Lecht study were based on legislation 
existing before the 1972 Water Pollution Control Act was enacted, the 
results are valuable because a methodology is presented that can be used 
to estimate personnel requirements generated by varyir:g expenditure 
levels. The basic assumption of the report is that, in the environmental 
area, the ratio of environmental personnel requirements to operating and 
maintenance expenditures will not change significantly during the 
projection period. The assumption is also made that the ratio of 
environmental personnel employed for research and development 
activities to environmental research and development expenditures will 
remain constant. In addition, the study implies that there is a direct 
relationship between capital expenditures for environmental control and 
environmental personnel employed. However, this ratio may be subject 
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to major shifts as a result of inflation, equipment sophistication, and 
regulatory pressures. 

It becomes even more difficult to employ this concept in developing 
projections of personnel requirements for new facilities than it is for the 
upgrading of existing facilities. In the future, many environmental 
problems associated with manufacturing may well be handled through 
proceu change, raw material controls, proper plant siting and, in some 
instances, product elimination. The decision process will require environ­
mental expertise among personnel responsible for these activities. Even 
though major shifts will occur as new facilities are built, the total number 
of persons employed in environmentally-related jobs in connection with 
these facilities will be relatively small, particularly when compared to the 
number who will be employed by upgrading programs for existing 
facilities. Future environmental activities also are expected to rely more 
heavily on planning, monitoring, research and development, and regula­
tory liaison than has been the case in the past. Thus, some adjustments 
must be made in the present ratios of personnel requirements and dollars 
spent if such ratios are to be used to project future personnel needs. 

DATA 

Projections of personnel requirements by BLS-the foundation for many 
personnel projections in the environmental field-are based on a series of 
assumptions about the economy, government policy, pace of research 
and development growth, and the level of research and development 
funding. Presumably, the greater the disparity between assumed and 
actual conditions, the more likely it is that employment requirements and 
actual levels will vary from projected levels. 

Daniel Bell (1973) suggests that predictions usually deal with events: 
who will win an election, the specifics of a new invention, and other 
matters that center on decisions. Yet such predictions, while possible, 
cannot be formalized and made subject to rules, Bell says. The prediction 
of events is inherently difficult and, more aptly, is related to statistical 
probability. Whereas Lecht et al. relate certain events to national goals, 
Bell asserts that events are created by the intersection of social vectors 
(interests, forces, pressures, and the like). While to some extent it is 
possible to assess the strength of individual vectors, one would need a 
"social psychic" to predict exact crosspoints where decisions and forces 
combine not only to create an event but, more importantly, its outcome. 

. Lecht et al. ( 1974) have pointed to the significant influence of national 
goals on personnel requirements. As examples they cite the impact of 
Medicare and Medicaid legislation in enlarging personnel needs in the 
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health occupations, and the role of the space program in the early sixties 
in increasing the demand for engineers and scientists. Of more recent 
origin is the changing outlook brought about by the "energy crisis," an 
example of a dramatic and relatively sudden change in needs, require­
ments, and perceptions that has affected our national goals. Thus, 
although some people perceived the need for a comprehensive energy 
policy for the United States long before the 1973 fuel crisis, it was not 
until then that a large part of the general population and a large number 
of experts agreed upon this national goal. 

"Goals research," which is designed to help in the development of 
criteria to use in judging actual and evolving events, could be an 
important adjunct in the process of evolving manpower policy and 
projections. However, the attainment of goals inherent in our national 
commitment to a quality environment is based upon a number of 
assumptions that appear quite disparate when viewed by different people. 
For example, Moeller (1974) states: 

An assessment of manpower development activities within EPA has caused the 
committee to conclude that far too little effort is being directed ~ career 
developmental opportunities for EPA employees, that short-term technical 
training is being hampered by policies such as the assessment of user charges, and 
that the need for qualified technicians, such as those who maintain air pollution 
control equipment on automobiles, is being almost totally neglected. Suffering 
from a similar lack of attention are air pollution manpower and training needs of 
state highway departments and planning agencies. Because of cutbacks in 
training grant funds for colleges and universities, much of the momentum and 
enthusiasm formerly common to those working in such programs has been lost. 
As a result, there has been a deterioration in the quality of graduate air pollution 
educational programs and this decline is accelerating. 

Conversely, Alden1 believes that the present pool of engineers and 
scientists, though not specifically or exclusively educated for careers in 
environmental control, will be capable of meeting most of the needs. 
Alden further believes that relatively minor changes in curriculum will be 
sufficient for the task. 

For many years, information and statistics related to environmental 
personnel needs have been collected by many organizations. This 
information has been valuable in developing a data base and, to some 
extent, a methodology for the projection of personnel needs. However, 
there has not been a comprehensive and comparable data system 
developed for all types of environmental personnel needs. This is 
especially true in industry and the private sector, where the functions of 
environmental control may be assigned to persons who are not 

lPenoaaJ communication from John D. Alden, Engineering Manpower Commission to 
P.R.. Atkins, Aluminum Company of America. 
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exclusively involved in these activities. The result is a wide variety of 
definitions, coverage, timing, and data collection methods, and this gives 
rise to problems of statistics that are not comparable and to weaknesses 
in much of the data. The Panel recognized these problems and has made 
an eft"ort to minimize the more glaring inconsistencies among various 
projections-as, for example, an absence of common reference periods­
to make possible a more consistent and manageable basis for analysis. 

In a review of environmental personnel projections, it is not always 
clear what is included within the rubric of environmental measures, and it 
is often assumed that this is a clearly defined and agreed upon series of 
events. In practice, environmental measures embrace activities ranging 
from noise abatement to recycling of wastes, and environmental 
considerations are often only one element among many. On the one 
hand, a business firm may invest in equipment specifically intended to 
neutralize water chemically prior to its discharge into a lake or stream, or 
to eliminate toxic gases from industrial emissions. On the other hand, a 
plant may be replaced before it is obsolete primarily because the new 
facility, along with other advantages, generates less pollution. 

Concern with environmental considerations may hasten the introduc­
tion of new technologies that have been available for some time and now 
become practicable because they are less likely to produce pollutants. 
There are reports, for example, that environmental considerations have 
accelerated the use of the pelletizing process in the iron and steel industry 
and the hydrogen process in petroleum refining. These actions raise 
questions of whether changeovers in processes and the more rapid 
introduction of new plants should be included in measurements of 
environmental activities. aearly, a common definition of what consti­
tutes environmental activities is necessary if various cost estimates and 
personnel projections are to be compatible with one another. 

ENVIRONMENTAL MANPOWER STUDIES 

In the diverse literature on environmental control personnel, one can 
discern that a unified approach seems to be evolving. However, there is a 
great range in the quality and objectives of this literature. Some people 
look at the problem and analyze supply from the viewpoint of producing 
personnel with needed skills, and their use by industrial categories and 
the consultants who serve these categories. Other people establish 
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demand norms based upon existing employment, usually by category, per 
million dollars spent. Thus, the problems involved in an attempt to 
develop national demand and supply information on personnel for 
pollution control are legion and most of the literature is replete with 
caveats about the "data sets" or the large problems of the economic 
outlook, energy needs and supply, and technological developments. 

An important aspect of the whole environmental personnel problem is 
the fact that the literature reveals several different perceptions of its 
relation to national goals and priorities. For example, we are reminded by 
Lecht et al. (1974) how rising expenditures for national defense and space 
exploration goals increased requirements for scientific manpower (and 
skilled and semi-skilled labor) in the early 1960s, and of the eft"ects in 
terms of diminishing requirements when research and development 
outlays leveled oft" in the early 1970s. At the same time, others complain 
that during a period of rising expenditures for pollution control activities 
to correct existing problems and to plan for future amelioration of 
pollution, the training programs developed in the 1950s and 1960s were 
being cut, degraded, or completely abandoned. 

It is true that, to a degree, environmental pollution control and 
environmental engineering are being introduced into the specialties at the 
undergraduate level, and therefore a larger pool of environmental 
specialists will be available in the future. But when viewed from the 
vantage point of needs-in the steel industry alone, $32.3 billion (in terms 
of 1975 dollars) may be needed to meet 1980 capital requirements for 
pollution control, replacement, and expansion costs, and $48.9 billion 
may be needed to meet 1983 requirements (A.O. Little 1975)-it is clear 
that the sheer magnitude of the expenditures demands a high degree of 
expertise. Moreover, such calculations do not take into account the newly 
discovered need to deal with environmental pollution control and 
planning in an energy conserving manner. This new element. which 
hitherto, even when acknowledged, was met only in the breach, must now 
be included in all calculations. 

The inherent difficulty of approaching the problem in a highly specific 
manner is illustrated by the following quotation. The quote, which is not 
directly related to the manpower problem, is from a recent analysis by 
Luken et al. (1976) of the generation, discharge, cost of control, and 
regional distribution of liquid wastes to be expected in meeting the 
requirements of the Water Pollution Control Act. The discussion 
concerns the analysis of industrial activity and the need to reduce the 
number of relevant variables to what is usable and available: 

It would be highly desirable to analyze in more detail the range of available 
options for achieving reduction in residuals discharge and the costs of achieving 
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that reduction. The type of information would obviously be subcategories of four­
digit (Slq which could achieve higher levels of residuals discharge reduction at 
lower costs than other activities. But many such options are plant and site specific, 
so that it is impossible to consider them in a national analysis. 

For similar reasons. the data set available to use as a basis for 
environmental personnel projections for industry and the private sector is 
meager. However, there is considerable literature on these requirements. 
In a general sense, it can be divided into two major segments: one deals 
with reporting current manpower use (numbers and kind); the other is 
devoted to one of several aspects of future demand and supply 
projections. 

It is important to recognize that this literature, although it consists 
primarily of study reports, some professional and technical journal 
articles, and a few books, bas a measurable social impact of its own. 
University career counselors and professors inevitably read articles and 
papers related to personnel needs, and it is their perception of the data 
presented, the conclusions drawn, and the projections made that is 
transmitted to students. The importance of this information increases as 
government support of training in environmental control curricula 
decreases. Its importance is enhanced because of the increased invest­
ment students must make in heeding advice and counsel on a possible 
professional career in the field of environmental control. 

Even before the formation of EPA, serious questions were being raised 
about bow to predict future personnel needs for environmental control. 
The following quotes are from a 1970 HEW report to Congress (U.S. 
Congress, Senate 1970) which drew heavily from a report (Faith 1969) 
prepared for the National Air Pollution Control Administration. Al­
though the data are several years old, the material is quoted for its 
intrinsic value and to show the views at the time: 

Industrial Plants. Air pollution research and control activities in industry involve 
a broad spectrum of personnel, ranging from top management to equipment 
operators and maintenance men. In nearly every department of a manufacturing 
organization, there is an interaction between the specific departmental activity 
and air pollution control. 

One function of corporate management is to be aware of regulations and trends 
that affect company operations. In this report, environmental control represents 
an area of rapidly increasing importance. Most large companies with multiplant 
operations assign at least one man to the field of air and water pollution. In many 
cases, it is not uncommon for an equivalent of 1.5 man-years to be devoted to air 
pollution control. In addition to personnel at corporate headquarters, one 
employee, usually an engineer or chemist, is assigned full time to air and water 
pollution problems in each of the larger plants of the organization. At the plant 
level, aid is given to the plant manager on matters pertaining to local regulations, 
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TABLEE.l General Manpower Matrix by Industry in 1969 and Estimates for 1974 (Man-Years for Air ~ 

Pollution Control) ~ 

Professional Operation and 
and Executive Technician Maintenance Total -

Industry 1969 1974 1969 1974 1969 1974 1969 1974 

Rock product processing: 
Cement (portland} 1S 13S 0 17S 300 4SO 37S 760 
Other (lime, glass il ceramic, gypsum} 71 91 7 7 1S 110 1S3 208 

Chemical1 9SO 1,700 lSO 1,200 1,400 l,7SO 2,SOO 4,6SO 
Food and kindred products2 2143 3063 0 0 IS IS 229 321 
Steel and related manufacturing: 

Integrated steel mills 400 790 17S 200 1,400 1,800 l,97S 2,790 
Electric steel operations 20 3S 0 0 1S ISO 9S 18S 
Gray-iron foundry 40 40 0 0 so 1,800 90 1,840 

Nonferrous metals: 
Copper (primary smelting} 69 162 38 90 230 600 337 8S2 
Lead il zinc (primary il secondary smelting} 121 IS2 28 38 1SO 1,140 899 1,330 
Aluminum reduction 70 144 30 n 140 144 240 360 
Nonferrous foundries 20 20 0 0 so 1SO 70 770 

Petroleum: 
Petroleum refining 6SO 740 200 260 2,000 2,600 2,8SO 3,600 
Other (hot paving mix, asphalt-saturated 
felt} 0 0 0 0 0 140 0 140 

Steam-electric powerplant 200 2,080 so 870 60 lSO 310 3,100 
Pulp and paper 240 sso lSO 220 210 330 600 1,100 
Rubber 20 60 0 40 0 0 20 100 

1 Jnclud• alkalll and chlorine, Intermediate coal-tu products, phumaceutlcal preparations, paints and allied producta, fertWz .. , qrlcultural 
~hemlcala, soa111 and deterpnta, synthetic rubber and fibers, plaatlca, other lnorpnlc and orpnlc chemlcall. 

Includes meat, flab, canned and frozen foods, Roura and cereals, other mWln1 and allied operations, fatl and olll. 
3 Jnclucl• 150 man-yean for renderln1 opentlona. 

SOURCE: U.S. Consr•. Senate (1970). 
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public complaints, effectiveness of controls, and liaison with local authorities. 
Process and equipment design is important in any operation where either the 

process must be modified to prevent pollutant formation or pollutants must be 
captured before discharge into the atmosphere. Where collection equipment is 
required. this function is often shifted to the manufacturer of the equipment. 

Research and development is particularly important in industries with the 
greatest air and water pollution problems. Research and development time is 
required for solution of specific problems. In the chemical industry especially, 
new process developments need evaluation as to their impact on air and water 
quality. 

Process control is a necessity even after air pollution control equipment is 
designed and installed, because the equipment can seldom be operated continual­
ly at the desired efficiency without monitoring. Technical manpower, usually 
engineers, chemists, and technicians, are required to monitor operating proce­
dures, equipment efficiency, stack emissions, and ambient air concentrations. 

Use of air pollution control equipment results in additional manpower for 
operation and maintenance. The additional manpower is similar to that already 
employed in industry; the required increase is variable, depending on equipment 
size and type. 

For performance of the functions described above, industry prefers profession­
al and subprofessional personnel to be well trained in their basic disciplines, have 
suitable experience in the specific industry, and obtain expertise in air pollution 
control by post-job entry study, practice in the field, and attendance at meetings. 
Industry does not express a need for manpower highly trained in air pollution 
control technology. Manpower requirements for ~c industries were estimat­
ed by using current data on manufacturing establishments. Air pollution control 
manpower was estimated for a typical plant for each industry; these estimates 
were then extrapolated to a national figure. The industries chosen and the 
estimates made are summarized [in Table E.l). Three manpower categories are 
shown in each industry: executive and professional; technician; and operation 
and maintenance. 

As shown in [Table E. l ], the estimates indicate that the manpower needs of 
industry will be doubled, as a minimum, by air pollution control requirements 
arising from implementation of the Air Quality Act. The actual number of 
employees will be at least twice the indicated man-years. 

A factor not considered in [Table E.l] is the manpower required for industry 
compliance with permit systems. Assuming the man-years required for the 
preparation of permit application amount to three times the man-years required 
for review, and using the predictive model output for State and local agencies, it is 
estimated that 3,500 engineering man-years will be required in addition to the 
estimates in (Table E. l ). 

The amount of inspection of air pollution control facilities is another factor of 
importance. If annual inspection is assumed, and because it is common practice 
for industry to have available a person qualified to accompany the inspector on 
his rounds, it is estimated that an additional 1,000 man-years would be required 
based on the predictive model output for state and local agencies in addition to 
the estimates in [Table E. l ]. 

A third factor not considered in [Table E.l] is the effect of regulations for the 
control of sulfur oxides emissions from power plants. If emissions are controlled 
by using low sulfur fuel, no additional manpower would be required. If control is 
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effected by removing sulfur oxides from stack gases, then additional manpower 
will be needed. 

The difficulties inherent in trying to arrive at an accurate census of 
environmental personnel currently employed are illustrated by two sets of 
data on the subject. The Third National Environmental Engineering 
Education Conference2 reported that the engineering and scientific 
manpower employed by industry was 3700 in 1974 and was projected to 
be 12,100 in 1976, and that the employment of consulting engineers was 
7600 in 1971 and would be 11,800 in 1975. This can be contrasted with a 
1976 statement by Isaiah Gelman3 on behalf on the National Council of 
the Paper Industry for Air and Stream Improvement, Inc., that, 

based on an estimated (projected) capital outlay of$6SO million for environmen­
tal protection capital projects in 1975 and $250 million in operating expenses, 
current manpower involvement within the industry can be estimated at 5500 to 
6000 man yean per year. Of these perhaps 1300 to 1400 can be classed as scientific 
and engineering professionals, 1200 to 1300 as technicians, 2400 to 2600 as 
facilities operators, and 600 to 700 as in the management and administrative area. 

Furthermore, Gelman says, .. External to the industry one can estimate 
that detailed scientific and engineering services require consultant supply 
of 500 to 750 man years per year." It is difficult to conceive that, of the 
12, I 00 scientific and engineering man years per year projected in industry 
for 1976, 1300 to 1400, or approximately 11 percent, were subsumed in 
1975 under one category, the paper industry. Obviously, the independent 
projections made in these two studies incorporated different assumptions 
and used different base points. 

GENERAL ECONOMIC PERSPECTIVE 

Most studies suggest a recognizable relationship between total expendi­
tures for pollution control and personnel requirements. This figure is 
difficult to develop accurately because of the varying nature of pollution 
control activities from industry to industry and from media to media. For 
example, water pollution control activities appear to be more labor 
intensive than air pollution control activities. Also, research and 
development in pollution control are changing rapidly, as are the 

•Roberts, J.B. (1973) Summary or the 3rd National Environmental Engineering Education 
Conference. Proceedings or the Third National EnviroDDIClltal Engineering Conference. 
Philadclpbia: Drael University. 
IGelman. I. (1976) Environmental Manpower Needs-As Viewed from a Paper lndustty 
Perapec:tive. New York: National Council of the Paper Industry for Air and Stnam 
Improvement, Inc. (Unpublished.) 
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financial commitments necessary to maintain a man-year of research 
effort. 

Nevertheless. the concept of the demand for environmental manpower 
is meaningful in tenns of the employment generated by private and 
public spending on pollution control. It is possible to detennine the 
parameters of environmental manpower demand by examining past and 
present expenditure patterns by government and industry. While such 
parameters lack much of the fine detail needed for proper policy 
assessment, they do provide a realistic frame of reference within which to 
examine the many fragmentary bits of demand information that have 
been developed. 

The Panel employs 1974 as the base year because reasonably 
comprehensive and complete data are available for that period. For 
example, the Bureau of the Census has reported that total government 
spending on selected environmental quality control activities during FY 
1973--74 amounted to approximately $7 billion (U.S. Bureau of the 
Census 1976). This appears to be a fairly conservative figure as it includes 
only activities related to water quality control ($4.6 billion), air quality 
control ($297 million), and solid waste management ($2 billion). Fairly 
substantial activity in water supply, noise, radiation, and pesticide 
control is excluded. Therefore, actual government spending on all forms 
of pollution control certainly exceeded $7 billion in 1974. 

The Bureau of Economic Analysis (BEA) in the Department of 
Commerce has recently begun to compile capital spending data for 
pollution control by industry (Cremeans et al. 1975, Segel and Rutledge 
1976). These data also are limited to water quality, air quality, and solid 
waste management expenditures and show that in 1974 a total of $5.6 
billion were invested in new pollution control plants and equipment. That 
represents only 5 percent of total new plant and equipment purchases by 
industry during 1974 but is still a substantial investment. Total industry 
spending during the year was clearly higher than these data indicate 
because the survey did not cover operation and maintenance costs or 
abatement costs incurred in noise. radiation, and pesticides programs (see 
Table E.2). 

There is a wide variety of other estimates of past and future pollution 
control costs. For example, the Seventh Annual Report of the Council on 
Environmental Quality (1976) estimates that private industry spent 
approximately $14.7 billion in capital and operating and maintenance 
costs in 1975 for pollution abatement and will spend approximately $38.4 
billion for these purposes in 1984 (in 1975 dollars). Most of the 1984 
expenditures were expected to be for air and water pollution control. 
Table E.3 summarizes these projections. 
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TABLEE.2 New Plant and Equipment Expenditures by U.S. Business for the Abatement of Air, Water, and Solid Waste 
Pollution,1 1974-76 

(millions or dollars( 

1974 1975 Planned 1976 

Pollution abatement Pollution abatement Pollution abatement 

Solid Solid Solid 
Total Air Water WUtC Total2 Tntal Air Water wute Total2 Total Air Water waste· Tota12 

--
Manufacturina J,656 2,ISJ l,2SI 2S2 4S,79S 4,47S 2,494 1,736 245 48,314 4,488 2,IS7 2,074 2S7 S0,710 

Durable 1oocls 1,648 l,llS 437 9S 22,669 l,77S 1,161 S29 8S 22,046 1,762 1,020 668 7J 22,22S 
Primuy metals' 798 620 143 JS 4,80S l,012 7SO 221 41 S,892 1,007 67S 300 31 5,831 

81111 furnaces. steel works 24S 160 70 IS 2,030 396 261 IJS I 2,926 S40 340 197 3 2.866 
Nonferrous metals 500 409 71 19 2,292 S46 42S 82 39 2,267 396 272 98 26 2,112 

Electrical machinery 207 68 128 II 3,060 136 34 93 9 2,327 158 32 116 II 2,391 
Machinery, ucept electrical 77 37 27 IJ 4,264 83 40 37 6 4,736 106 42 61 2 4,867 
Tt1nspor11tion equipment' 140 67 so 24 3,826 116 SI so IS 3,387 137 SI 61 17 3.308 

Motorfthidn 115 SS 38 23 2.812 86 35 )8 13 2,206 114 39 59 16 2,374 
Aircraft 22 10 II I 766 26 14 II I 9U 20 II • I 713 

Stone, clly, and sllu 191 174 14 3 1,413 198 164 JI 3 l,389 164 118 42 4 1.427 

Other du11ble11 m 150 76 9 5,231 229 122 97 10 •.m 191 102 81 8 4,401 
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Nondunbte 1ood1 2,008 l,037 814 157 ll,126 2,700 l,HJ 1.208 160 26,261 2.726 1,137 l,405 IM 28,485 
Food includlnf be .. ,..., 150 56 85 10 J,206 175 71 92 12 3,JIJ 203 90 93 20 J,754 
Tnllles 28 10 15 l 1149 31 IS 15 I 680 46 14 32 I 787 
Paper 491 308 158 25 2,546 489 273 189 27 2.908 502 213 274 15 3,347 
Chemicals 469 192 246 30 5,628 684 250 394 40 6,300 786 247 471 61 6,844 
Petroleum 796 416 296 84 7,868 1,239 684 483 72 10,497 1,100 530 490 81 11.245 
Rubber 47 33 II 2 1,475 41 25 14 2 1,037 54 28 22 4 l,178 
Other nondutables3 28 21 4 3 1,554 41 14 22 6 1.463 34 IS 16 3 1.330 

Nonmanufac1urtnc 1,961 1,190 624 147 66,124 2,074 1,296 626 IS2 65,175 2,859 1,703 968 117 68,975 

Mining 57 24 25 9 3,097 73 32 31 10 3,823 99 44 44 II 3,666 
Raihoad 29 12 14 2 2,484 JS II 21 3 2,539 35 8 24 3 2,287 
Air tramportation 7 4 2 I 1,970 II 6 4 I 1,841 14 7 5 2 1,262 
Other tnnoportation 46 II 28 6 2.034 41 12 19 10 2,901 S8 14 28 IS 2,821 
Public utilities 1,622 l,oJI 499 92 20,597 1,700 1,138 466 96 20,313 2,431 1,557 747 128 23,993 

Electric 1,578 1,011 477 90 17,649 1,650 1,123 438 89 17,030 2,386 1,547 71S 124 20,052 
Gu and other 44 20 22 2 2,948 so 16 28 6 3,283 45 10 32 l 3,941 

Communication, commerda.I and otber4 201 108 56 37 35,942 214 97 84 33 33,758 221 74 119 28 34,946 
-- -- -- --- -- -- -- -- --- -- -- -- ---

AU industries 5,617 3,343 1,876 398 111,919 6,549 3,790 2,362 396 113.489 7,346 3,860 3,042 444 119,685 

1 Excludes apiculluraJ businesa; real n1a1• operators; medicel. le1el, educational, end cul1ural servicH; •nd nonproOc Ol'l•nizaUon1. Exclude• ouelay1 ch-.ed lo current account. 
1 E11ima1es of lotal plane and equipment (P. Ir. E.) expendilures ( 1974, 1975, and planned 1976) ere u of lh• 1urwy dale. to allow comparison wilh eslim•I" of pollulk>n ab•l•nMnl expendilures.. Up-
daled eslimate. of lolal P. 6. £.expenditures can be found in '"Pl.tnl and Equipmenl Expenditure PrOIJ'atn•," Survey of Current Busine11. March 19'76, pp. 14·19. 
, lnclud1rs indu11rin nol shown 1ep•11lely. 
'Conli111 of trade, ttrvice. con11ruclion, finance, and insurance. 

NOTE: Oe1aH1 may nol add 10 totals beceuH of roundin1. 

SOURCE' Seael ond Rutled1e (1976). 

~ 
'C 
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TABLEE.3 Estimated Total Pollution Control Expenditures in the Private Sector, 1975 and 19841 "' 8 

1975 1984 Cumulative (1975-1984) 

Total Total Capital Total 
O&M Capital Annual O&M Capital Annual Invest· O&M Capital Annual 

Pollutant/Source Costs Costs2 Costs3 Costs Costs2 Costs3 ment Costs Costs2 Costs3 

(in billions of 1975 dollars) 

Air Pollution 
Industry 2.1 2.4 4.5 4.9 5.6 10.5 24.0 34.8 39.S 74.3 
Utilities 1.0 1.0 2.0 3.S 3.5 7.0 19.0 21.0 21.0 42.0 

Water Pollution 
Industry 1.9 1.7 3.6 7.4 S.1 13.1 41.4 40.6 33.0 73.6 
Utilities 0.6 0.4 1.0 1.4 0.8 2.2 3.8 10.5 6.3 16.8 

Solid Wastes 2.9 0.7 3.6 3.9 1.1 s.o S.6 28.4 8.8 37.2 

Noise NA NA NA 0.3 0.3 0.6 1.7 1.8 1.6 3.4 

Total 8.S 6.2 14.7 21.4 17.0 38.4 95.5 137.1 110.2 247.3 

1 
2 Original table Included public expenditures as -u. 

Interest and depreciation. 
30peratlon and maintenance plus capital COits. 
NANot avallable 

SOURCE: Councll on Envlronmentll Quality (1976). 
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Chase Econometrics Associates (1975) reported to the Council on 
Environmental Quality that incremental pollution control expenditures 
for private industry for 1973 to 1977 would be $25.6 billion-54 percent 
for air pollution control and the rest for water pollution control. For 1978 
to 1982, capital expenditures would be $4.8 billion (in 1973 dollars)-30 
percent for air pollution control and 70 percent for water pollution 
control. 

McGraw-Hill (1976) recently reported the results of a survey citing 
U.S. industry plans to spend $9.46 billion for pollution control in 1976 
and, eventually, to invest $30.6 billion (in 1976 dollars) to bring existing 
facilities into compliance with current environmental standards. The 
preliminary plans of industry indicated that pollution control spending 
may peak in 1977 or 1978 and that expenditures in 1979 would be $8.67 
billion. Air pollution control is approximately 60 percent of the total; 
water pollution control, approximately 30 percent; and solid waste 
control, approximately 10 percent. 

EPA (1976) has estimated that total capital investment for industrial 
pollution control between 1975 and 1985 will be $100.14 billion, with the 
rate of capital expenditure beginning at about $16 billion a year, peaking 
in 1979, and falling to approximately $3 billion a year in 1985 (in 1975 
dollars). Annual operating and maintenance costs were estimated at$ I 58 
billion in the same period, as shown in Table E.4. 

MANPOWER FACTORS 

In 1973, Bezdek and Hannon (1974) estimated that $1 billion (1975 
dollars) allocated to the construction of wastewater treatment facilities 
would employ a total of 82,000 people. However, much of this 
employment would be related to construction rather than to pollution 
control. The Bureau of Labor Statistics estimates that only 53,600 (in 
1972 dollars) jobs would be generated for each billion dollars spent on 
construction of wastewater treatment systems, but that 78,000 jobs would 
result from a billion dollars spent for research and administration of 
pollution control programs (U.S. Department of Labor 1975). Ch'uan­
K'ai Leung and Klein (1975) report that approximately 70,000 jobs were 
generated, on the average, by the expenditure of a billion dollars for 
pollution abatement in 1975. In each of these cases it should be 
emphasized that both direct and indirect employment impacts were 
estimated. Direct employment, the concern of this panel, represents 
about half of total employment. 

To be more specific, the BLS found that an average of31,700jobs were 
generated directly in 1970 by each billion dollars of federal spending on 
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TABLEE.4 Estimated Annual Cost to Industry of Pollution Control, 1975 through 1985 

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 Total 

(in billions of 1975 dollus) 

Air Pollution 
Capital Investment 7.90 3.30 5.50 6.00 4.20 1.73 1.42 0.95 0.50 0.60 0.62 32.72 
Operation and 
Maintenance 3.01 4.15 4.67 5.07 5.42 5.67 5.70 5.72 5.74 5.76 5.78 56.69 

Water Pollution 
Capital ~nvestment 6.70 5.00 6.00 4.90 6.90 7.90 7.50 6.80 4.91 2.00 2.26 60.87 
Operation and 
Maintenance 3.00 4.00 4.99 6.00 7.10 8.20 9.20 10.20 11.20 10.38 10.38 84.65 

Solid Wastes1 

Capital Investment 1.00 0.65 0.79 0.75 0.72 0.69 0.65 0.54 0.38 0.18 0.20 6.55 
Operation and 
Maintenance 0.72 0.98 1.16 1.33 I.SO 1.67 1.76 1.88 2.00 1.91 1.79 16.70 

1 Solid waat• data added to EPA data by auumin1 solid waat• capital inve1tment at 7 percent of air and water investment, and solid wastes 
operation and maintenance at 12 percent of air and water operation and maintenance. 

SOURCE: U.S. EPA (1976). 
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pollution control activities ( 1975). Allowing for a 20 percent reduction in 
the job generating power of such spending due to inflation during the 
intervening years, a billion dollars in 1974 would support direct 
employment of about 25,400 persons. This should be compared with the 
results of the 1974 Census study of government spending and employ­
ment for pollution control (U.S. Bureau of the Census 1976). The Census 
study showed that total spending of nearly $7 billion in 1974 created over 
225,000 jobs, or a direct employment ratio of 32,400 per billion dollars in 
government alone. Allowing for some nongovernmental direct employ­
ment as a result of this spending would easily put the ratio to at least 
36,000 jobs per billion dollars or higher. 

It is reasonable that the BLS study indicated lower direct employment 
impacts than the Census report. Federal spending tends to be concentrat­
ed in technology-intensive areas and on relatively highly-paid scientists 
and engineers. Fully 88 percent of federally generated employment was at 
professional, technical, or managerial levels, according to the BLS study. 
Conversely, local government environmental spending includes substan­
tial amounts for solid waste management and other purposes where larger 
numbers of lower-skilled personnel are employed. 

Data developed by the Manufacturing Chemists Assocation (MCA 
1975) indicate that the employment impact per million dollars is 
diminishing rapidly. In 1962, $1 million spent on pollution control 
operation, maintenance, and research generated an average of 43 jobs in 
the chemicals industry. Due to a combination of inflation and higher 
capital investments, that ratio dropped to an industry average ofonly 15 
jobs per million dollars in 1975. Table 4.11 of the Committee report 
presents the MCA data. 

The Aluminum Company of America (ALCOA) recently analyzed 
Bureau of the Census data from various operating locations and found 
that environmentally-related personnel, exclusive of corporate staff, 
amounted to 18.2 full-time workers per million dollars of expenditure for 
operating and maintaining environmental management facilities. 4 This 
may or may not be typical of the nonferrous metals industry, but 
nevertheless it is of interest for comparative purposes. 

ESTIMATING OVERALL EMPLOYMENT IN INDUSTRY 

The wide differences in pollution control cost estimates from different 
sources indicate the difficulty in determining future capital costs or 

•Personal communication from J.B. Whitchurch to P.R. Atkins, Aluminum Company of' 
America, April 1976. 
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requirements for environmental personnel. On the one hand the very 
proliferation of cost estimates reveals the uncertainty that surrounds the 
entire environmental effort. While this is understandable and is perhaps 
inevitable in a new program of this type, it does complicate manpower 
planning. On the other hand, the manpower factors themselves are 
uncertain and changing both with the value of money and with 
technological innovation. 

In a situation like this it was necessary for the Panel to exercise 
judgment and select cost and manpower figures which seemed most 
reasonable. For purposes of this section, the results of the Bureau of 
Economics Analysis (BEA) survey of capital costs for pollution control in 
1974 are used (Segel and Rutledge 1976). The BEA survey shows that in 
1974 industry spent $5.6 billion on capital equipment for pollution 
control (water, air, solid waste). This would add some $2.2 billion to 
industry expenditures during 1974. Economic studies done for EPA 
suggest that during early stages of development, industrial operation and 
maintenance costs for pollution control are about 40 percent of capital 
costs. 

The range of manpower factors described above extended from a low 
of I 5, 100 jobs per billion dollars for operational personnel in industry to a 
high of 36,000 jobs per billion dollars for local government. The effect of 
applying a range of these factors to industry spending in 1974 is shown 
below. A much lower direct employment estimate is placed on operation 
and maintenance than on capital investment. 

1974 1974 1974 
Expenditures Direct Employment Direct 
CS billions) (per S billion) Employment 

Capital 
Investment SS.6 30-36,000 168,000-201,600 
Operation and 
Maintenance $2.2 15-19,000 33,000- 41,800 

Some environmental spending is certainly omitted from spending 
totals and for that reason the employment ranges may underestimate 
actual 1974 employment. On the other hand, a very substantial number of 
those employed directly on pollution control projects do not constitute 
part of the specialized labor forces that are the focus of this Panel's 
concern. The figures do, however, suggest an order of magnitude for 
overall employment created by industry spending on pollution control in 
1974. 

Copyright © National Academy of Sciences. All rights reserved.

Manpower for Environmental Pollution Control:  A Report to the U.S. Environmental Protection Agency From the Committee for Study of Environmental Manpower, Commission on Human Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=20329

http://www.nap.edu/catalog.php?record_id=20329


Appendix E 

OTHER STIJDIES OF ENVIRONMENTAL MANPOWER DEMAND 

IN THE PRIVATE SECTOR 

405 

For the private sector, more data arc available on projections of 
personnel requirements in water pollution control than there arc in air 
pollution control, but the estimates vary widely owing to the use of 
diff crcnt methodologies and scenarios. In the main, most of the data 
generated before passage of the 1972 Water Pollution Control Act missed 
the mark because of the rapid acceleration of expenditures by the private 
sector resulting from the mandates of that Act. 

In 1972, EPA submitted a report to Congress using data from the 1968 
Census of Water Use in Manufacturing and an inventory of all 
wastewater treatment plants to estimate 1976 personnel requirements 
(U.S. Congress. House 1972). It concluded that the most critical need is 
for operators and operator training, and that environmental engineers 
will be needed, largely because of the increased technological sophistica­
tion of control processes. In the main, the report emphasized that higher 
training will be needed at all levels and that technological developments 
will continue to affect this need for additional training. The results of the 
studies are shown in Tables E.5 and E.6. 

Using essentially the same data base as the 1972 EPA report to 
Congress, Middlebrooks ( l 974a) concluded that there would be a 300 to 
400 percent increase in total personnel employment in industrial water 
pollution control from 1974 to 1979. In addition, he concluded that 
process control technicians and operators probably would be in the 
greatest demand and that the need for intensive educational and training 
activities would be heightened. 

TABLE E.S Labor Force Growth in Water Pollution Control by Personnel 
Category, 1971 and 1976 

1971 Personnel 1976 Personnel 
Personnel Category Employed Requirements Percentage Increase 

Professional 25,400 42,220 66% 
Operator 49,300 92,900 88% 
Technician 26,900 47,300 76% 
Other 47,800 71,800 SO% -

Total 149,400 254,220 70% 

SOURCE: U.S. Conll'-· House (1972). 
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TABLE E.6 Additional Water Pollution Control Personnel Required by 
1976, by Personnel Category 

Employment Sector 

Personnel Nongovem- Federal 
Category mental Local State (Non-EPA) EPA Total 

Professional 10,200 1,300 3,400 1,300 600 16,800 
Operator 33,300 8,900 1,400 43,600 
Technician 18,400 1,200 400 200 200 20,400 
Other 10,400 11,700 800 400 600 23,900 

Total 72,300 23,100 4,600 3,300 l,400 104,700 

SOURCE: U.S. Conll'- House (1972). 

Middlebrooks (1975) published another statement in which he con­
cluded that in 1976 approximately 920,000 people would be involved in 
industrial water pollution control activities. This is approximately 6 
percent of the entire U.S. work force in the manufacturing category. The 
chemical industry was expected to have 20 percent of its total work force 
in water pollution control. 

The Middlebrooks report states that similar predictions of total 
personnel requirements, using an EPA model and another model, suggest 
that from 1.8 to 3.7 million persons would be involved in water pollution 
control in 1976. In the same report, Middlebrooks estimated that in 1976 
the number of people employed in all pollution control activities 
(including those working in the air, water, and solid waste sectors) would 
total 3.5 million. 

These estimates appear to include both direct and indirect employment 
and count all persons having a cursory or part-time involvement with 
pollution control along with those employed on a full-time basis. As such, 
the limitations on these data should be recognized. While substantially 
overstating pollution control employment in the sense it has been used by 
this Panel, the data do suggest the large numbers of workers who are 
affected in some way by environmental programs. 

Middlebrooks (1974b), in a report to EPA, concluded that personnel 
needs in the specialized equipment industries would more than double by 
1978 and that there was a significant demand for well-organized, short­
term educational programs. The projection was made that professional 
staff for these industries would increase to more than 5000 persons and 
that technical staff would increase to 16,000 persons. Engineering was the 
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largest professional category, with about 80 percent of the total 
professional work force; operating and maintenance personnel made up 
about 90 percent of the technician group. Middlebrooks noted that only 
19 percent of all professionals were licensed in these industries and that 
there was little incentive for licensing or certification. 

In a report to the National Science Foundation (Lecht et al. 1974), the 
National Planning Association found that the overall increase in the 
projected demand for scientists and engineers in five major private 
sectors of the economy-food, paper, chemicals, primary metals, and 
petroleum refining-varied considerably according to the policy scenario 
chosen. If the pollution control mandates existing at that time were 
carried out on schedule, the report showed, a projected increase of 58 
percent would occur in the demand for scientists and engineers between 
1970 and 1980, and there would be a 70 percent increase between 1970 
and 1985. The total demand in 1985 in this situation was estimated to be 
307,000, a large increase over the employment level of 180,600 in 1970. 
Table E.7 summarizes the numerical projections. 

The National Planning Association report also stated that there is a 
need for a federal manpower budget to act as an advance warning system 
for indicating the expected consequences of federal government expendi­
tures in all segments of the manpower pool involved. 

In 1973, J.B. Roberts concluded from the "Proceedings of the Third 
National Environmental Engineering Education Conference" that the 
role of environmental engineers .will expand and increase in complexity 
as population increases and environmental constraints become more 
sophisticated.5 In addition, a 100 percent increase was projected in the 
number of nongovernmental environmental engineering positions during 
the next five years. The conference decided that it was necessary to have 
an undergraduate environmental engineering curriculum, a flexible 
graduate curriculum, more emphasis on interdisciplinary education, a 
stronger continuing education program, and increased financial support 
by the government for both graduate and undergraduate environmental 
education. 

The best and most recent data on scientific and engineering employ­
ment for pollution control by industry are provided by the 1974 National 
Survey of Scientists and Engineers.& This survey, sponsored by the 

llSee note 2 above. 
•Data from the 1974 National Survey or Scientists and Engineers WU obtained from the 
Bureau of the Census and tabulated by the Committee. See Appendix B for additional 
background material. 
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TABLE E. 7 Projected Needs for ~cientists and Engineers in 1980 and 1985 in All Fields, Including Pollution Control 

1970 1980 1985 --
Prelent Environmental Present Environmental 

Baseline Policy Goals Policy Goals 
Category Employment Scenario Scenario Scenario Scenario Scenario 

Scientists 80,400 113,322 127,620 143,767 136,481 150,913 
Engineers 100,200 138,403 158,190 174,042 171,180 180,739 --- ---

Total 180,600 251,735 285,810 317,809 307,661 331,652 

SOURCE: Lecht et al. (1974). 
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National Science Foundation, showed that in 1974 about 80,000 industry 
scientists and engineers claimed to devote a significant amount of their 
professional time to pollution control or environmental protection. A 
more complete presentation of these national data can be found in 
Appendix B, Methodology and National Data Aspects of Environmental 
Pollution Control Manpower, and in the Committee report. The 
summary shown below indicates the overall distribution of environmen­
tal scientists and engineers by type of employer in 1974: 

Private Industry 
Government 
Other 

Total 

79,926 
41,730 
12,894 

134,550 

PRESENT AND FUTURE PERSONNEL 
NEEDS IN THE ENVIRONMENTAL 
CONSULTING FIELD 

Middlebrooks et al. ( 1972) conducted a survey of consulting firms in 
water pollution control as part of an overall evaluation of personnel 
needs. He concluded that at present levels of federal aid for pollution 
control construction projects, the water pollution consulting industry 
would grow from 14,777 professionals in 1972 to 20,116 in 1976. 
Technician support staff would increase from 11,900 to 16,600 in the 
same period. 

In a more recent survey,1 estimates were made of the current 
population of environmental consultants based on listings in the World 
Environmental Directory (Gough 1975). Particular attention was given to 
the distribution of employees by pollutant category (air, water, solid 
wastes) and by job function (management, professional, technician). The 
results are shown below: 

1Penonal communication rrom R. David DiJulio, Environmental Research and Technolo­
gy, Inc., to P.R. Atkins, Aluminum Company or America. 
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Estimated Number of Environmental Consultants in the U.S. in 1975 and 
Distribution by Environmental Sector (in thousands) 

Pollutant Category 

Job Functions Air Water Solid Wastes Total 

Management 2-3 2-6 1~3 S-12 
Professional 4-12 7-20 2-S 13-37 
Technician 3-9 6-17 1-4 10-30 

These data have been used to project needs for environmental 
consultants in 1985. The projections are based upon a 200 percent growth 
from 1975 to 1985, anticipated increases in the percentage of profession­
als, and anticipated increases in the solid wastes and noise categories as 
needs grow in those areas. Estimates of the distribution of consultants by 
pollutant category were based on the growth in expenditures by category 
from 1975 to 1985 and are shown below: 

Estimated Number of Environmental Consultants in the U.S., 
1985 (in thousands) 

Pollutant Category 

Job Solid 
Functions Air Water Wastes Other 

Management 3-8 3-8 2-S 1-2 
Professional 12-33 12-33 6-17 3-9 
Technician 4-13 S-13 3-8 2-S 

Total 

9-23 
33-92 
14-39 

The World Environmental Directory also lists 3580 U.S. firms that 
off er environmental professional, consulting, or laboratory services. 
According to the editor, the publication has a capture rate of 80 to 90 
percent; it is at least that because firms not listed are generally the smaller 
firms. Thus, it can be estimated that there are 4000 to 4500 environmental 
consulting firms in the United States. With 10 to 25 persons employed by 
the average firm-an estimate derived from experience in this field­
there are 40,000 to 112,500 employees of such firms. In one large, full­
service environmental consulting firm, the employees are distributed in 
this way: there are about 20 percent in management; 33 percent working 
as professional engineers and scientists; 28 percent are technicians; and 
19 percent are clerical workers. The personnel estimates below were made 
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by applying the same distribution to the estimates of all consulting firm 
employees first cited: 

Estimated Number of Employees of Environmental Consulting Firms, 1975 

Job Functions Lower Estimate Upper Estimate 

Management 8,000 22,500 
Professional 13,200 37,125 
Technician 11,200 31,500 
aerical 7,600 21.375 ----

Total 40,000 112,500 

The growth rate in environmental consulting was rapid in the late 
sixties and early seventies as needs for new technology and enterprises 
exploded during the rapid clean-up period. As environmental control 
activities mature, the growth rate for consultants is expected to slow but it 
still will exceed other components of the environmental field. This will be 
particularly true during the 1980-1985 period, as the focus of environ­
mental activities shifts from control of existing facilities to the design of 
new facilities and as the need is created for new expertise and 
technologies. 

It is important to note, however, that consulting work is by its very 
nature cyclical and subject to wide swings in demand. Unless new 
funding is committed to pollution control after the present programs 
finish, or unless government and economic incentives exist for extensive 
process changes, demand for specialized consultants could easily fall off 
rapidly after the middle 1980s. 

SUMMARY OF PROJECTED 
PERSONNEL REQUIREMENTS 

Personnel requirements for operational maintenance of pollution control 
equipment in the industrial and private sector through the study period 
are expected to be substantially greater than at present. Not only will the 
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number of individuals in the engineering, science, and technician 
categories increase, but the degree of training and experience in relatively 
narrow specialty fields also can be expected to increase for some of the 
engineers and scientists. Much of the increase in expertise and experience 
will come from in-house training by employers, but even in these cases, a 
basic education in the environmental sciences will be needed. In addition, 
people will be needed from the fields of biology, botany, geology, water 
chemistry, atmospheric chemistry, economics, planning. and health, 
although the number of persons who will be needed from each of these 
fields will be relatively small. 

It has been assumed in this report that environmental personnel 
requirements in the industrial and private sector will increase according 
to the amount expended to comply with environmental regulations. The 
expected requirements for personnel as a result of expenditures to operate 
and maintain existing facilities are: 

Number of Full-Time Equivalent Environmental Personnel in Industry and 
the Private Sector (per Million 1975 Dollars of Environmental Expenditures) 

Occupational 
Categories 1975 1980 1985 

Engineers 5.0 4.7 4.6 
Scientists 4.0 4.2 4.3 
Technicians 9.1 8.5 1.5 

Total 18.1 17.4 16.4 

The base point for the projection is the ALCOA study cited earlier in 
this report. s The reduction in manpower per million dollars could very 
well be much greater than that shown if inflation remains high and 
productivity increases in the operation of pollution control facilities. 

While industry operation and maintenance employment will increase 
over time, there is considerable evidence that capital spending and the 
direct employment it generates will be cut back sharply by 1985 (see 
Table E.4). There is widespread consensus that most industries will be in 
substantial compliance with air and water standards by that time and will 
have completed their major construction and equipment purchase 
programs. This probably will lead to a reduction in consulting and 

'See note 6 above. 
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specialized equipment production employment, at least from peak levels 
that may not yet have been reached. 

Thus, while demand by the private sector for specialized scientists, 
engineers, and technicians for pollution control is likely to remain strong 
over the next decade, the shifting emphasis from capital programs to 
operation and maintenance may very well keep total industry employ­
ment stable. Another factor tending to keep overall demand for 
evironmental manpower from rising is the continuous search by industry 
for economical process changes that reduce waste and thereby restrain 
the need for ever more complex and costly end-of-pipe treatment 
technologies. Still, it should be noted that industry is by far the largest 
employer of scientific and technical environmental manpower, and the 
simple maintenance of that high quality work force may require close 
cooperation with government and educational institutions. 

EDUCATION AND TRAINING NEEDS FOR 
ENVIRONMENTAL PERSONNEL IN 
THE INDUSTRIAL AND PRIVATE SECTOR 

It is generally assumed that environmental legislation and EPA regula­
tions already on the books or anticipated in the next few years will 
generate requirements for substantial numbers of engineers, technolo­
gists, and technicians with specialized knowledge in fields under 
consideration by the Committee for Study of Environmental Manpower. 
While such specialists will be needed in greater numbers than in the past, 
it also will be necessary for many personnel in other disciplines to have a 
general knowledge and understanding of environmental requirements 
and constraints affecting their professional work. Judging by past 
experience with the introduction of new technologies and new design 
criteria and constraints, it seems likely that much environmental work in 
.the future will be done by persons in traditional disciplines as a normal 
part of their jobs. Thus, although specialists will be needed in many areas, 
a significant portion of future environmental personnel requirements will 
be filled from the existing pool of scientists and engineers and by new 
graduates. Some of these persons will be released from other areas by the 
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shift of national priorities and funds from "old" areas, such as the design 
of energy-consuming products, to areas reflecting new environmental 
concerns. 

Environmental concerns in industry and the private sector are, and will 
continue to be, reflected in six general work areas: research and 
development; the production of equipment for pollution control; the 
operation, monitoring, maintenance, and repair of pollution control 
equipment; administrative duties resulting from environmental regula­
tions; plant and facility construction; and instruction and training. 

RESEARCH AND DEVELOPMENT 

There is a need for research and development of processes, techniques. 
and equipment to perform functions not now within the state of the art in 
pollution control, such as the detection and removal of pollutants that at 
present are not adequately treated. This is "pure" environmental work 
and obviously will require competent and experienced specialists, 
although in relatively small numbers. 

PRODUCTION OF EQUIPMENT FOR POLLUTION CONTROL 

The manufacture of equipment developed by specialists, and its incorpo­
ration in new or existing plants to achieve process controls mandated by 
environmental regulations, will be performed by persons normally 
engaged in the design and production of the type of machinery or 
equipment that is involved. These persons will not need to be environ­
mental specialists, but they will have to be knowledgeable about 
environmental factors. This knowledge probably can be gained in short 
refresher courses, on-the-job instruction, and in college courses. The 
personnel requirements generated by the added complexity of the new 
products will be only slightly greater than would normally be needed for 
equipment production. 

OPERATION, MONITORING, MAINTENANCE, AND REPAIR 
OF POLLUTION CONTROL EQUIPMENT 

Additional people will be required to carry out these functions, but the 
number of these people and their environmental expertise probably need 
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not be high. For example, the addition of a few monitoring instruments to 
existing control panels may not require additional operators, and the 
maintenance and repair of instruments and machinery should not require 
new skills on the part of technicians. Existing technical curricula should 
provide the kinds of technicians needed and there should be on-the-job 
training to familiarize them with new equipment as it is developed and 
installed. 

ADMINISTRATIVE DUTIES RESULTING 
FROM ENVIRONMENTAL REGULATIONS 

The imposition and enforcement of new environmental regulations will 
create a need for people in the regulated industries to write impact 
statements, do inspections, monitor, keep records, and conduct some on­
the-job training and indoctrination. The main requirements in such jobs 
will be an understanding of the regulations and standards involved, and 
the administration of production personnel. Presumably, most of these 
positions could be filled by people with a general education in 
engineering, technology, applied science, social science, or economics. 

PLANT AND FACILITY CONSTRUCTION 

Unquestionably, there will be requirements for the construction of new 
plants or the modification of existing plants. Design specifications will be 
developed by engineers, architects, and other technicians who have an 
expert knowledge of environmental requirements, but relatively few of 
these persons will be needed because of the already specialized nature of 
plant design. In any highly technical area (such as off-shore oil rigs, 
petrochemical plant design, tunneling), the number of specialized design 
firms is small. For actual supervision of construction, a general civil 
engineering education normally is sufficient. If large numbers of pollution 
control projects are placed under construction at one time, there 
obviously will be a need for more construction workers, but this will be a 
one-time operation. Once the necessary plants are built, these needs will 
diminish. It is therefore preferable that the personnel needs be met by 
diverting construction workers from low~r priority jobs so that the nation 
will not be faced with large numbers of unemployed mechanics and 
technicians when pollution control facilities are in place. Operation of the 
plants, most notably wastewater treatment and water purification 
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facilities, will require additional technically-trained personnel, but most 
of them can be trained in a relatively short time in existing schools or by 
apprenticeship and on-the-job training programs. 

EDUCATION AND TRAINING 

Experts will be needed to conduct educational and training programs, but 
their numbers will be relatively small. Most college departments of 
engineering and technology have experts in areas of environmental 
concern; by enlarging the classes of these experts, the number of 
graduates with some background in environmental sciences can be 
increased to some extent. These expert teachers also can be used as 
visiting consultants to conduct on-site courses. Postgraduate programs in 
highly specialized fields should receive special consideration. Establishing 
centers of excellence in various environmental fields could provide a 
corps of specialists to maintain ongoing research and training programs. 

AN ASSESSMENT OF PERSONNEL REQUIREMENTS 

In general, the Panel believes that environmental personnel needs for 
industry and the private sector will be met primarily from the existing and 
expected future stock of science, engineering. and technology graduates. 
In respect to the people who will be needed to operate and maintain 
pollution control equipment, to perform administrative duties resulting 
from pollution controls, and to build plants and other facilities, the 
technology is not so complicated that it prevents personnel needs from 
being met on a local basis as they arise. The requirement for people to 
manufacture and install control equipment will generate needs for some 
additional personnel. However, these people will be in fields where the 
personnel pool is already large and where new graduates are being 
produced in reasonable numbers. The requirements for research and 
development and for experts to conduct education and training could 
warrant programs to train additional specialists at the graduate degree 
level. Because of the time it takes to develop these competencies, some 
advance planning should be done; however, the time period can be 
shortened by providing further education to people already at the 
bachelor's or master's level in a related field of engineering or science. If 
such a program is undertaken, it should be kept small and personnel 
needs should be carefully and continuously monitored to avoid either 
shortages or overproduction of the kind that has taken place in years past 
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in high energy physics, aerospace science and technology, and teaching. 
Since most environmental activities in industry and the private sector 

probably will be done as a regular part of an employee's everyday work, it 
would be desirable to include environmental courses in general engineer­
ing and other technology curricula as soon as possible. This could be 
stimulated by competitive grants for the development of model courses or 
of modules and textbooks suitable for general adoption. 

In addition, much of the environmental talent that will be needed by 
industry and the private sector will be developed through in-service 
training and orientation. Many industries, and perhaps trade organiza­
tions, will develop their own formal in-service training programs, while 
others will rely heavily on short courses, seminars, and symposia offered 
by universities and pollution control agencies. A rapidly increasing data 
base for environmental decision making suggests that continuing 
education will play a major role in ongoing training programs. It is 
anticipated that SO percent of the professionals involved in environmental 
activities should attend at least one training session every three to five 
years. Thus, the requirements for training courses could be 150,000 man­
week units each year through 1985 for the pri,:ate sector alone. 

The matter of meeting requirements for technicians should not be 
overlooked. Although training time for technicians is probably not longer 
than two years, the technician labor market is quite localized and few 
specialized courses exist. Although some technician training will occur 
through in-service programs, additional emphasis will be placed on 
outside training as the operation of facilities becomes more stringent than 
at present. It would be desirable, therefore, to stimulate the development 
of high quality curricula and environmental modules, textbooks, and 
training aids suitable for adoption in general technician programs. It is 
anticipated that most operators should receive additional external 
training every five years, which creates a requirement for 55,000 man­
week units of additional outside training for technician and operating 
personnel in the private and industrial sector. 

Outside training programs can be conducted by universities, EPA 
contractors, or by EPA. There are advantages to all of these approaches. 
Perhaps a mix of the three types of programs would be the best way to 
provide the external training that will be required by the private sector. 
But whatever the mode of training, it is imperative that industrial 
participation be present in the training programs to ensure that the 
material presented will upgrade the professional and technical workers in 
industry. Towards that end, formal liaison programs between major 
industrial categories and training administrators should be established. 
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As environmental activities become a more normal part of industrial 
operations, the amount of expertise and specialized training required for 
a relatively small number of persons will increase. Industry will rely 
heavily upon planners, economists, biologists, ichthyologists, foresters, 
geologists, water chemists, atmospheric chemists, mathematicians knowl­
edgeable about dispersion modeling, health experts, and the like, to 
provide answers to the complex questions associated with environmental 
control programs. These individuals not only will assist industrial clients, 
but will work to increase the data bank upon which future environmental 
decisions and regulations will be based. 

Thus, there will be an ongoing need for highly specialized environmen­
tal training programs to produce the personnel needed to fill these 
positions. Normal growth and interest in these fields will provide an 
adequate supply of trained persons. It is not anticipated that major 
alterations in the present educational system will be required to 
accomplish this task, nor will economic assistance from government be 
necessary over and above the normal economic stimulus offered for 
graduate programs in highly specialized fields. 

Since it appears that environmental activities will become a part of 
almost all future decision making, it is recommended that general 
environmental training be incorporated into curricula for all technically 
trained individuals who are planning a career in the industrial and private 
sectors. This training would provide decision makers with the basic 
knowledge of the critical nature of environmental problems and an 
understanding of the potential impacts of certain decisions. Although 
such programs would not require major modifications of existing 
university structures, it is recommended that efforts be made to stimulate 
development of general environmental courses at all major universities. 
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CERTIFICATION REQUIREMENTS 

At present. there is little incentive for people working in environmental 
fields in the private sector to be registered or certified, with the exception 
of consulting engineers. Several states now require that wastewater 
treatment plant operators have some level of certification based on 
treatment plant size and the type of wastes being handled. However, 
these requirements usually are minimal. 

With growing sophistication of treatment processes and the operation 
of control equipment. the need for skilled, well-motivated operators will 
intensify. For this reason, a certification program probably will prove 
beneficial to the proper operation of in-place equipment. There is little 
motivation in the private sector to develop certification programs and this 
development may have to come from the government and from 
professional societies. Since the turnover rate for environmental person­
nel in industry is large and since a number of people become involved in 
pollution control activities on a less than full-time basis, certification 
programs should not be so complicated that people cannot complete the 
requirements in a reasonably short time, with periodic reexamination and 
upgrading through the use of short courses and continuing education. 

Certification programs should be developed on a state basis because 
requirements vary significantly from state to state, particularly in areas 
such as solid wastes management. community noise control, and 
pesticide applications management. Full participation of the private 
sector should be encouraged in the development of certification programs 
and the conduct of certification procedures. In the past. certification 
programs have emphasized municipal wastewater treatment; such 
programs should be expanded to all industrial wastewater, air pollution 
control, and solid wastes management programs. 

The development of a comprehensive certification program will 
accelerate the demand for effective, concise, continuing education 
courses to give technicians, operators, and professionals the basic 
information needed to use environmental control equipment properly. 
Since the industrial sector relies heavily on internally trained personnel to 
handle not only environmental control functions but other services and 
production-related activities, short-term environmentally-related training 
activities will be attractive. 
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A substantial amount ofliterature deals with the impact of environmental 
legislation and regulations on future requirements for engineers, scien­
tists, technicians, and others. Although this literature can provide many 
significant indications of future problems and developments, it also 
presents serious data base problems, conceptual and methodological 
problems, and problems of interpretation. To improve the making of 
projections, L1tese steps might be taken: 

• make periodic surveys of the supply of engineering, scientific, and 
technical personnel to determine who is involved in environmental 
protection work, what they are doing, and what specialized knowledge 
they require; 

• develop common definitions of what constitutes environmental 
protection activities for more reliable and stable estimates of expendi­
tures for pollution abatement; 

• use the U.S. Department of Labor's newly revised economic growth 
model to indicate the personnel impacts of environmental measures in 
the coming decade on an industry-by-industry basis; 

• prepare scientific personnel impact statements (this would be done 
by appropriate government agencies) to show anticipated changes in 
requirements for scientists, engineers, and others as a result of changes in 
government regulations or legislation receiving serious consideration; 
and 

• improve projection methods to take account of the impact of 
changes in earnings of scientific personnel, as well as changes in 
expenditures for the employment of scientists and engineers. 

Information on scientific personnel requirements is available in special 
studies by the BLS in the U.S. Department of Labor or by universities or 
nonprofit research organizations for the NSF. Most of these studies make 
use of some version of the input--0utput approach to estimate scientific 
personnel requirements generated in pollution control by expenditures 
for plant and equipment, operations and maintenance, monitoring, and 
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research and development. The personnel estimates typically ref er to 
"direct" employment in industries producing the end product or carrying 
on the pollution control activity, and to "indirect" employment in the 
major industries supplying goods and services to the end product firms. 
BLS projections usually are "spinoffs" from the basic personnel matrix 
derived from its economic growth model. 

Expenditure estimates for environmental measures are the takeoff 
point for personnel projections; each revision of expenditure estimates by 
EPA or other government agencies carries with it an implied change in 
personnel requirements. In the past, there have been frequent and major 
changes in estimates of future outlays for pollution abatement from EPA 
and other sources. While it is understandable that program changes, new 
legislation, and lack of experience can create significant changes in 
expenditure projections, more reliable and less frequent changes in the 
outlay figure constitute an important step in improving the data base for 
personnel projections. 

In the private sector, changes in environmental personnel needs are 
largely due to changes in legislation and regulations. Discussions and 
hearings on proposed changes in standards or in legislation often are 
concerned with the costs these changes imply but, so far, too little 
concern has been given to the effects of expenditures in generating 
personnel requirements. To encourage awareness of the consequences of 
its own actions in the environmental area in terms of personnel use, the 
federal government should report regularly on effects that major changes 
in legislation or regulations and that future pollution abatement 
expenditures are likely to have on personnel requirements. In addition, 
government reports should review the consequences of state and local 
mandates on personnel needs. 

Much of the basic economic framework for scientific personnel 
projections, and many of the projections themselves, are derived from the 
economic growth model of the U.S. Department of Labor. This model 
has been revised to allow for higher unemployment rates than those 
assumed in earlier versions, and to take account of the effects of higher 
energy costs in increasing or decreasing employment in over 100 
industries. It would be desirable for the Department to undertake an 
application of the model to show the effects of higher costs resulting from 
environmental measures on personnel use on an industry-by-industry 
basis. 

At present, scientific personnel projections are largely "requirements" 
projections that deal with the demand side of the scientific and technical 
manpower labor market. More knowledge of the demand side, by itself, is 
unlikely to show where bottlenecks are likely to appear and the kinds and 
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the number of specialists that should be trained. There is considerably 
less knowledge about the supply side of the problem. Even though there is 
a significant amount of information on new graduates. there is little 
systematic information on how many or what kinds of scientists and 
engineers are involved in designing, operating, and maintaining pollution 
abatement equipment; in environmental research and development; in 
monitoring; or in the construction of plants or production of control 
equipment. It may well be that, in many areas, much of this work can be 
done by persons with the present scientific and technical skills, or with 
minor additional training. However, other aspects of environmental 
protection, such as designing new types of equipment, doing research, or 
providing technical advice on pollution control, may require different 
and highly specialized skills. A high priority should be given to surveys of 
who is doing what in the environmental area and of the kinds of training 
required. These surveys should be repeated every two or three years by 
joint action of the NSF, EPA, and/or the Department of Labor. An 
example of a survey of this type that deals with water pollution is 
described in an article by Middlebrooks (1975). Together with projections 
of degrees in relevant fields and of personnel requirements, such surveys 
could provide a basis for anticipating bottlenecks and training needs. 

There has been considerable controversy among economists about the 
use of the input--0utput approach as a basis for personnel projections. 
The projections have been questioned because they usually assume a 
fixed relationship-that is, a constant manpower coefficient-between 
expenditures and employment. In practice, expenditure-employment 
relationships change as technology or as salaries and other elements of 
jobs change. It is apparent that technicians can be substituted for more 
highly paid professionals if there are serious shortages of professionals, 
and that instruments and automated processes sometimes can be 
substituted for both groups. It would be desirable to develop econometric 
projection models which give heavier weight to changes in salaries or to 
the possibilities of substituting one type of skill or expertise for another or 
of equipment for personnel. However, econometric manpower models 
probably would be no more able to anticipate changes on the demand 
side arising from shifts in government policy, or the effects of technology 
changes, than are the less sophisticated projection techniques. 

Present techniques are least useful in anticipating the effects of major 
technological changes upon engineering, scientific, and technical person­
nel. Typically, projections assume that, over the next 5 or 10 years, 
technological changes will represent continuous modifications of technol­
ogy or that there will be further introductions of new technology. Often, 
this is a reasonable expectation, but insofar as there are major 
discontinuous changes in environmental technology-as, for example, 
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changes facilitated by implementation of the Best Available Technology 
standard-the projections probably will become outmoded. For this 
reason, long-term projections covering 20 or 30 years are more open to 
question than those covering 5 or 10 years. Improvements in the difficult 
art of technology forecasting probably are the prerequisite for significant 
progress in anticipating the personnel dimensions of technological 
change in environmental or other areas. More frequent monitoring of 
personnel changes in pollution abatement, as they relate to the technolo­
gy in use, can increase the likelihood of producing "surprise-free" 
projections. 

As a final step, greater recognition should be given by the producers 
and users of the scientific personnel projections to the capabilities and 
limitations of the projections. The projections essentially are based on a 
series of assumptions about the growth of the Gross National Product 
(GNP), technological and productivity changes, population changes, and 
future pollution programs and expenditures. What appear to be reason­
able assumptions about the future often change and, when they do, the 
personnel implications also change. While the presently available 
projections might be greatly improved, their value as predictions will 
continue to be limited by the fact that they represent attempts to 
anticipate what is inherently an uncertain future. 

CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSION I 

The presently available environmental personnel data base and predic­
tive tools are severely limited in usefulness. Because a number of the 
persons involved in environmental activities also are involved in other 
areas of industrial and consultant work and because the spectrum of 
environmental activities is broad and changing rapidly, past personnel 
assessments are useful only as crude indicators. 

RECOMMENDATION I 

• The Panel recommends the design and conduct of a long-term personnel 
study to produce the data necessary to make possible an accurate assessment 
of present and future personnel and training needs. 
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CONCLUSION 2 

There is a quantifiable relationship between operating and maintenance 
costs associated with environmental control and ongoing personnel 
requirements for environmental programs in the private sector. There is 
also a relationship between capital requirements and environmental 
personnel, but this relationship may be more variable than that involved 
in operation and maintenance. 

RECOMMENDATION 2 

• Environmental expenditure projections should be used as a basis for 
estimating the number of environmental personnel needed by the private 
sector. 

CONCLUSION 3 

As the environmental disciplines mature, there will be a shift in personnel 
requirements as a function of expenditure. More emphasis will be placed 
on planners, impact analysis specialists, highly specialized consultants, 
and environmental managers. However, there still will be a continuing 
need for well-trained technicians and operators as well as qualified 
environmental engineers. 

RECOMMENDATION 3 

• Education and training programs should be established to ensure 
comprehensive training of personnel. 

CONCLUSION 4 

Based on projections of expenditures to achieve the goals of the Oean Air 
Act, the Federal Water Pollution Control Act Amendments (including 
solid waste disposal), and the Safe Drinking Water Act, the full-time 
equivalent personnel required for the industrial and private sector in 1975 
to 1985, is estimated to increase slightly. The need to maintain and 
improve the quality of these workers, however, will create a sustained 
demand for new entrants with specialized skills. 
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RECOMMENDATION 4 

425 

• Steps should be taken to ensure that the necessary personnel and 
training mechanisms are available to satisfy environmental personnel 
requirements of industry and the private sector. 

CONCLUSION 5 

Environmental personnel needed for achievement of the goals and 
objectives of existing environmental regulations will be involved in more 
sophisticated design, operation, and planning programs as the require­
ments of the legislation impose more and more restrictive limitations on 
emissions and discharges. 

RECOMMENDATION 5 

• The Panel recommends development of well-structured educational 
curricula to incorporate environmental concerns in a variety of degree and 
non-degree programs so that consideration will be given to the environmental 
aspects of projects at an early stage. 
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