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PREFACE 

In 1956, the World Health Organization published a monograph "The 
Training of Sanitary Engineers : Schools and Programmes in Europe and in 
the United States " by M. Petrik. 1 This publication, widely used throughout 
the world, is now out of print. 

A good many changes have taken place in engineering education since 1956 
and these have, in turn, had their impact on sanitary engineering. In order 
to assess these changes, WHO convened an Expert Committee in 1967 to 
review the education and training of engineers in environmental health. 2 The 
present publication is an outcome of this meeting. The general objective is 
to provide guide/ines for the education of the kind of engineer who will be 
needed in environmental health in the latter third of the 20th century. 

A/though the scope of this publication is limited to the preparation of 
engineers for environmental health work, WH 0 is fully conscious of the 
need for unified action by medical and paramedical specialists, social scientists, 
planning and programming experts, and others whose knowledge, ski!! and 
experience are essential for protecting the environment from damage that 
may render it harmful to man and to the vital elements on which he depends. 

The changing concepts of environmental health and how these are rejlected 
in a new approach to sanitary engineering are first discussed. This is followed 
by a review of certain important trends in engineering education which will 
affect future generations of engineers throughout the world. The most impor
tant section of the book is undoubtedly that dealing with the new developments 
in environmental health engineering, many of which will be incorporated into 
educational programmes in the future. 

The section dealing with examples of environmental health engineering 
programmes in various areas of the world is an indication of the position of 
sanitary engineering education in 1969. There is little reference in these 
programmes to the resources approach, to systems analysis, or to new ap
proaches in epidemiology; these are being incorporated in new curricula and 
are part of the graduai change in emphasis from sanitary engineering to 
environmental health. 

The primary objective of this publication is to indicate those trends which, 
it is hoped, will influence the drawing up and planning of curricula in the future. 

To assist in planning this publication and in co-ordinating the various 
contributions, Professor John A. Logan was appointed as a special consultant 
and technical editor; the valuable guidance he has provided is deeply appre
ciated. The World Health Organization expresses its gratitude to the 20 
contributors who have collaborated in the preparation of this publication. 

1 Wld Hlth Org. Monogr. Ser., 1956, No. 32. 
2 Wld Hlth Org. techn. Rep. Ser., 1967, No. 376. 
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PART 1 

THE WORK OF THE ENVIRONMENTAL 
HEALTH ENGINEER 





ENVIRONMENTAL HEALTH ENGINEERING 

John A. LOGAN, D.Sc.* 

Environmental health engineering can be considered as sanitary engi
neering brought up to date to meet the needs of the world of the future. 
Sanitary engineering is essentially disease-oriented: it may be defined as the 
use of engineering principles and engineering deviees for public health pur
poses. Environmental health engineering, on the other band, is the appli
cation of engineering principles to the control, modification or adaptation 
of the physical, chemical or biological characteristics of the environment in 
the interest of the health, comfort and social well-being of man. It is con
cerned with the conservation and development of the world's resources for 
the well-being of mankind as measured by such indices as convenience, 
efficiency and health. It is as much concerned, therefore, with the creation 
of a favourable environment as it is with the elimination of environmental 
stress and the amelioration of unfavourable conditions. This calls for the 
safeguarding of man's air, water, food, and land resources. It requires the 
control not only of the quantity and quality of these basic necessities but 
also of waste by-products, whether solid, liquid or gaseous. These by
products, if uncontrolled and allowed to accumulate, lead to widespread 
disease and physical damage, and could literally make human existence 
impossible. 

Of the factors which affect health, the environ mentis one of tho se whose 
importance is !east appreciated: René Dubos bas said that where a man 
lives and how he lives will have a greater effect on his health than the 
microbes he encounters or the genes he inherits. Although the environ
ment as a factor in health bas been recognized since the time of the Greeks, 
scientific evidence of the role of the environment bas been available only for 
the past hundred years. Sir Edwin Chadwick pioneered modern sanitation 
and environmental control in England in the 1840's when he developed 
water-borne sewerage. Shortly afterwards, Dr John Snow, again in Eng
land, dramatically demonstrated the fact that cholera could be transmitted 
by a contaminated well; he removed the handle of the Broad Street pump 
in London in 1854 and thus stopped the spread of a virulent cholera epi
demie. Lemuel Shattuck, a Boston bookseller, introduced sanitary reform 

• President, Rose Polytechnic Institute, Terre Haute, Indiana, USA. 

-11-



12 EDUCATION OF ENVIRONMENTAL HEALTH ENGINEERS 

into the USA when he organized the Massachusetts State Board of Health 
in 1869, which called for the first time on the services of engineers. Louis 
Pasteur shortly afterwards deve1oped the germ theory of disease; Sir Ronald 
Ross discovered the role of the anopheline mosquito in the transmission 
of malaria, and General Gorgas made it possible for the USA to construct 
the Panama Canal by controlling yellow fever by sanitary means in the 
Canal Zone. All of these pioneers, as well as a great many others, laid 
the foundations which made it possible for engineers to make their vitally 
important contributions to sanitation: the control of typhoid fever through 
the use of water filtration and chlorination; the control of cholera by sani
tation and water purification; the control of typhus by the use of insecticides;. 
assisting in the control of tuberculosis by improvements in housing; and the 
control of malaria and yellow fever by mosquito control and eradi
cation. 

Environmental sanitation (important as it has been and as it remains) has 
definite limitations, and these have become increasingly obvious during the 
past decades. While the incidence of communicable disease has been dras
tically reduced wherever modern sanitation principles have been applied~ 
sanitary engineering practice has led to new problems which approach in 
their magnitude the disease-prevention problems which it has helped to 
solve. The uncontrolled discharge of water-borne sewage has led to wide
spread stream and lake pollution and the possibility of the loss of invaluable 
water resources; careless solid waste disposai has resulted in widespread air 
pollution and the loss of property values for aesthetic reasons; the fact that 
sanitary engineers have generally limited their interest in water to public
water supplies has hampered the development of a rational use of water 
resources by the adoption of water-resource planning; air pollution has 
become widespread, and urban blight and decay a matter of universal con
cern. All of these are important environmental problems; by limiting their 
interest in environmental control to environmental sanitation, engineers 
have made important contributions to public health but have been a party 
to environmental deterioration on a massive scale. 

The new concepts of environmental health and environmental health 
engineering are both based directly on the World Health Organization's 
concept of health as a state of physical, social and mental well-being and 
not merely the absence of disease or infirmity. This "positive" definition 
ofhealth recognizes that, although a person may not suffer from any obvious 
morbid condition, chronic unemployment or life in a slum environment may 
produce inefficiency and crippling handicaps as surely as can tuberculosis 
or malaria. While, as already mentioned, sanitary engineering has been 
traditionally disease-oriented, environmental health engineering is " well
being "-oriented; while sanitary engineering has limited its interest to envi
ronmental sanitation, environmental health engineering is concerned with 
the preservation, modification and adaptation of the environment, not only 
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to control hazardous conditions but also to provide man with the most 
favourable environment possible. 

The power to control his environment, now possessed by man, consti
tutes a tremendous responsibility, as pointed out in the report of the WHO 
Expert Committee on Environmental Health Aspects of Metropolitan 
Planning and Development: 3 

For the fust time in history, man has it within his power to control his environment 
and make the benefits of science and technology, as expressed through education, medicine, 
engineering, and agriculture, available to ali. Never before have so many people and so 
many nations been concerned about human welfare and the human condition. The 
problems to be faced in social and economie development are tremendous, but man has 
the ability to be equal to the challenge. 

The same idea had been previously expressed in the 1953 Chadwick 
Lecture in London: 1 

Man's physical progress depends essentially on his ability to control his environment, 
and great areas of the world are at the present time uninhabited or contain populations 
which suffer from poverty, malnutrition and generally unsatisfactory living conditions, 
because of environmental factors. Any rational solution to the population-resources 
problem must be developed around environmental control. 

The practice of environmental health engineering is based on the " sys
tems " or " resources " approach: the realization that in dealing with the 
·environment we are dealing essentially with water, air and land systems, and 
that these represent resources which must be conserved as weil as used in 
the best interests of man. 

This means that the engineer can no longer be concerned solely with 
public water supply, waste water disposai, air pollution or solid wastes. In 
dealing with water he must recognize that it is not used solely for public 
water supply purposes; its uses in agriculture and industry, for recreational 
and transportation purposes, and for power generation are also important, 
and aesthetic aspects cannot be neglected. Thus public water supply must 
be developed as a logical part of a broad water resources plan and the 
engineer involved must be responsible for ensuring that such a plan is 
developed. 

Our air resources are not unlimited and must be used rationally. Air 
pollution over wide areas is a matter of direct interest not only to those 
concerned with aesthetics and morbidity, but also to the engineer, who 
must be responsible for the beneficiai use and conservation of our air 
resources. 

In dealing with solid waste disposai, engineers are directly involved in 
questions of land use and indirectly in those of air and water pollution. 
Housing is another major problem; although somewhat neglected, its 
importance is being increasingly recognized as people throughout the world 
rebel against the unsatisfactory conditions existing in most urban areas. 
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It is obvious that there is a close relationship between environmental 
health engineering and regional and urban planning. To quote again from 
the WHO Expert Committee report referred to above: 4 

One of the most promising events of recent years has been the growth of a rational 
approach to social and economie development: the acceptance of long-range economie, 
social, and physical planning. Planning is now widely practised at the national, regional, 
and local level. Unfortunately, city and regional planning has, until recently, been 
primarily concerned with rectifying problems of immediate and pressing importance 
rather than with the development of effective long-range programmes for the future . . . 
The health agencies have an important responsibility in planning. If planners are to 
develop effective programmes, they must rely on the environmental health profession for 
guidelines, standards, and justification in terms of health. There is no more effective 
way of justifying planning standards than to relate them directly to health standards. 
The problem faced by planners is therefore, in the final analysis, an environmental health 
problem. 

Environmental health engineering differs from sanitary engineering in 
that adequate provision is made to take into account its economie and 
social consequences. This requires a degree of engineering statesmanship 
and responsibility which is consistent with true engineering professionalism. 
As Admirai H. G. Rickover has said, " 1 can think of no better way to raise 
engineering to the highest professionallevel than by practising it in such a way 
that every si de effect is carefully considered and nothing is done which might 
conceivably damage fellow citizens, especially those as yet unborn. In fact, 
1 should like to see an engineering oath expressing this sense of responsi
bility. It might weil be something like the ephebic oath sworn by ali young 
Athenians when, at the end of two years of preparation and service, they 
became full citizens. Each of these young men-{;alled ephebi-promised 
solemnly to leave his city 'not less but better than he found it'. " 2 

Environmental health engineering has similar professional objectives: 
the control, modification or adaptation of the physical, biological or 
chemical environment in the interest of man's health, comfort and social 
well-being. 

REFERENCES 

1. Logan, J. A. & Burden, R. P. (1954) Bull. Hyg. (Lond.), 29, 222 

2. Rickover, H. G. (1959) Education andfreedom, New York, Dutton, p. 81 

3. Wld Hlth Org. techn. Rep. Ser., 1965, No. 297, p. 8 

4. Ibid., p. 11 
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disease vectors. Successful as an expert may be in one area and with one 
problem, he must always be prepared to find his successful pattern inappro
priate to another area or another problem. 

Scope of environmental health 

The term environmental health covers at least the following: water supply 
engineering, sewage treatment, solid waste disposai, the control of disease 
vectors, air pollution control, water pollution control, radiation protection, 
environmental biology, industrial hygiene, industrial toxicology, urban 
noise control, the prevention of road accidents, town planning, architecture, 
the peaceful uses of outer space, and preventive, occupational, and aerospace 
medicine. 

Most of these subjects are concerned with physical, chemical, or biolo
gical environmental agents, and not the social environment as exemplified 
by culture and by social, economie, political and administrative institutions. 
Yet these too affect health. A fragmentary approach will thus obviously 
not provide an adequate basis for environmental health in the most modern 
meaning of the term. Most environmental health programmes have been 
extended in response to new problems which have arisen. More important 
than the programmes, however, are the common patterns of activity 
reflected. Surveillance and monitoring (both of the environmental factors 
and of reactions to them) is one fundamental class of activities, often having 
elements common to many programmes. Environmental management is 
an activity which the health authorities share with many other govern
mental agencies. Indeed, it is one of the most serious weaknesses resulting 
from the existing fragmentation of responsibility that, when a highway, 
power, or housing system is planned, the authorities responsible for trans
portation, public utilities or construction are so powerful as to overwhelm 
the health authorities, who alone are concerned with the environmental 
health aspects of such projects. If competency in comprehensive environ
mental health planning can be developed, a better balance in environmental 
management can perhaps be reached. Indeed, the economie implications 
of such large-scale plans as those for transportation and power networks 
and housing complexes are often cited as reasons for paying minimal 
attention to the health implications. Yet the economie implications of 
environmental health are of great importance, even if inadequate! y studied, 
and the efforts devoted to comprehensive environmental health planning 
can provide attractive opportunities for systematic studies of the economie 
implications of health. 

Environmental health monitoring and surveillance 

Environmental health monitoring and surveillance include two classes 
of activity, each a pp lied to two different types of phenomenon. Systematic 

2 
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collection of data by standardized procedures can be carried out either for 
examination at convenient times or under convenient circumstances or as a 
basis for action; these two activities, conveniently distinguished as monitor
ing and surveillance, are often confused with each other and opportunities 
for the use of the same techniques to solve different environmental health 
problems are overlooked. For example, the same carbon monoxide 
measuring instrument can monitor air quality in an occupational situation, 
or, if samples in plastic bags are brought to the instrument, estimate the 
dose of inhaled cigarette smoke, the level of community air pollution near 
a traffic artery, or the adequacy of ventilation in bouses and apartments 
heated by gas or charcoal burners. Excess mortality, either over a few 
days or for a season, may be a sign that the measures used for environmental 
health protection are inadequate, but the protection required could take 
any one of a dozen forms. 

Either the environmental agents affecting human health, such as heat, 
viruses, polluted water, insanitary food, or photochemically polluted air, 
or the indices oftheir effects on human health, such as mortality, morbidity, 
chronic illness, accelerated aging, the impairment of function, sensory 
irritation, or other damage to health, can be monitored or kept under 
surveillance. For greatest efficiency, a single programme can very weil be 
made to provide information on a large number of factors, since with 
growing statistical sophistication interactions between such factors can be 
discerned. Many procedures, such as daily mortality monitoring in large 
metropolitan areas, now used in research, should be carried out as part of 
the systematic and regular activities of vital statistics registries. 

Environmental epidemiology 3-the systematic study of the health effects 
of defined environmental factors on defined populations-makes exacting 
demands on monitoring and surveillance systems, but the results obtained 
are of great importance in environmental health evaluation. 

Environmental hazards and quality evaluation 

The qualitative and quantitative study of the effects of various environ
mental factors on human health and well-being and on the biosphere 
involves environmental physiology, laboratory and clinicat toxicology, and 
environmental epidemiology. The effects are less likely to appear as 
rates for disease entities, but rather as measurable deviations from health 
and well-being, such as accidentai injuries, skin irritation or inflammation, 
cough or headache, altered immunity or respiratory or neurological func
tion, community or job dissatisfaction, changed blood constituents, or 
abnormal substances in the blood or urine. A systematic study of environ
mental hazards must therefore develop measurable criteria of health. 



CHANGING CONCEPTS 
OF ENVIRONMENTAL HEALTH 

John R. GOLDSMITH, M.D. • 

Mankind today faces a situation strikingly different from that which 
has existed up till very recent times. While more than half mankind still 
faces the threats of starvation, communicable and parasitic diseases, con
taminated water, impure food, and inadequate shelter, a favoured minority 
lives in a protected environment, in which pure water is taken for granted, 
human wastes are discreetly conveyed far from the home, nutritious and 
abundant food supplies are available and comfortable housing is accepted 
as the right of even the poorest members of society. 

This favoured position of the favoured few has been bought at the priee 
of the large-scale, indeed often world-wide, exploitation of the environment. 
The use of coal increases the carbon dioxide content of the air and con
taminates the environment with sulfur compounds. Lead-the product 
of hundreds of millions of years of radioactive decay-is being used up for 
various purposes: to store electricity, to control the combustion of petrol 
in cars, to insulate wires, and as a constituent of paints. Sorne of this lead 
is being widely distributed in the earth's atmosphere and the oceans, and 
even in the polar ice-caps. What harm this global contamination with 
lead may do is still a matter of controversy. Man can now build vast 
reservoirs and huge artificial rivers to irrigate the arid parts of the planet 
and make it possible to grow crops there, but the streams draining his 
cities and farms are being polluted to such an extent that the pollutants 
can no longer be removed by self-purification. Man can also plan the 
world-wide eradication of the ancient scourge of malaria, but the insecti
cides used to destroy mosquitos can themselves become pollutants, just as 
much as the fumes and gases from steel smelters and cement works. 

The most important principle of modern environmental health is that 
no advance in technology is without its risk of environmental degradation 
or hazard. Much of the progress which has occurred has been the result 
of the daring resourcefulness and idealism of engineers, but the harm done 
to the environment by modern technology is likewise the result of their 
work. If he is to be aware of, and possess the ability to prevent, such 

• Head, Environmental Epidemiology Unit, California State Department of Public Health, Berkeley, 
Cal., USA. 
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harm, the engineer of the future in environmental health will need to 
know enough biology, ecology and psychology to balance his knowledge 
of technology. He should know how to prevent his irrigation schemes 
from spreading schistosomiasis, his new settlements from becoming foci of 
urban filariasis, his irrigated fields from spreading hook-worm, his power 
stations from aggravating bronchitis, his lakes from putrefying, and his 
roads from becoming death traps for young drivers. 

Modern environmental health problems 

The modern expert in environmental health must be equipped to work 
both in a world of famine, disease and over-population, and in one with a 
long life expectancy, where people are accustomed to pure water, adequate 
food and shelter, but where there is a heavy burden of chronic disease. In 
both, economie considerations appear to be over-riding in any attempt at 
improvement of the environment, and the ability to formulate rational 
policies and to carry them out effectively is vital to success. 

The modern expert in environmental health must be capable of working 
on problems of air, water, soil, housing, or place of work, or on ali of them 
together, and of improving the situation in one place without making it 
worse elsewhere. He must see the environment as a whole, not as a series 
of disconnected parts. He must be taught to appreciate and to understand 
not only human disease but also human health. 

Environmental health calls for both the abatement of nuisances and 
their prevention. For the latter, planning is an absolute necessity, yet 
environmental health planning has scarcely begun even in the most developed 
countries. Nevertheless, it is practically certain that those trained in 
environmental health engineering in the next ten years will spend much of 
their professional lives in the field of environmental health planning, 
concerned with the prevention of environmental hazards and of environ
mental degradation. Their colleagues in such work may include econo
mists, technicians, politicians, physicians, bankers and writers. The expert 
in environmental health must be able to say with authority and on a 
reasonable basis where power plants or cities should or should not be 
located; how much of a fertile basin can be used for commercial and 
residential purposes; what type of waste disposai facilities a new industry, 
factory or crop will require; what type of engine can be used as the prime 
mover in a tranportation system; which domestic materials are suitable for 
a house and which must be imported. In less developed areas, the environ
mental health expert must understand the sequence of development in the 
provision of water supplies, the disposai of liquid and solid wastes, the 
provision of wholesome food and adequate food storage facilities, the 
prevention of occupational disease and industrial injuries, the abatement of 
air and water pollution, the prevention of soil pollution and the control of 
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Environmental hazards protection 

Measures to abate or to prevent environmental hazards or the degrada
tion of environmental quality may make use of social mechanisms, such as 
laws and regulations, or such public action as the provision of adequate 
water supplies. They may involve the protection of the individual from 
specifie hazards, e.g., by means of immunization, or the use of broncho
dilator drugs, or even by changing the patient's environment. Such social 
measures as air conservation, the enforcement of traffic laws and safety 
engineering are coming to play a greater role in protection against environ
mental hazards than the application of environmental methods of medical 
management. The possibilities of the latter, however, have not been systema
tically tested and more attention could well be given to them. Engineering 
has such an important role to play in the control of environmental hazards 
that the term " environmental health engineering " has been suggested as a 
substitute for sanitary engineering. The evaluation of environmental health 
hazards and their abatement, or the prevention of hazards and of environ
mental degradation, are the two basic activities in environmental health. 

International trends in environmental health 

A comprehensive report on environmental health in France by the 
Délégation Générale à la Recherche Scientifique et Technique of the Prime 
Minister's Office (1966-67) 2 includes a list of national and international 
agencies concerned with environmental problems. It concludes that the 
control of pollution and urban and industrial nuisances requires action of 
three types: the provision of technical information appealing to the indivi
dual and public conscience, the making of preventive laws, and the use of 
technical means of prevention. 

New methods and approaches are being developed for the control and 
prevention of pollution, and the feeling is growing that air, water, and land 
pollution should be prevented by the proper use of land and fuel, trans
portation systems, and taxation policy. In the USA, this feeling is exem
plified by the reports of the Air Conservation Commission of the American 
Association for the Advancement of Science (1965),1 the Environmental 
Pollution Panel of the US President's Science Advisory Committee (1965),7 

and the National Academy of Science-National Research Council (1966).5 •6 

In Sweden, a similar approach has been made to the problems of air and 
water pollution, and an agency for the conservation of ali natural resources 
has been established. 

A report 4 accepted by the United Nations Economie and Social 
Council (1965) on " Research into environmental pollution and measures 
for its control", prepared by WHO jointly with a group of United Nations 
specialized agencies and organizations, sums up the situation: 
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Both man and his govemments may adopt a passive attitude toward these [environ
mental pollution] problems and seek solutions only when problems become acute or 
clearly recognizable as a threat to health. Many of the easier solutions to these urgent 
problems and the apparently attractive ones may, however, merely convert one type of 
pollution to another; for example, pollution of the workplace may become pollution of 
the community's atmosphere, pollution of surface waters or of the land may become that 
of groundwaters or the ocean. 

In contrast to these passive attitudes more rational ones, based on research and current 
knowledge, can prevent or control pollution at its source. This requires an understanding 
of the phenomena of generation and distribution of pollutants and of their natural 
degradation in air, water, and soil, so that the self-purifying capacity of these media can 
be used for disposai of man-made wastes without producing deterioration in the quality 
of the environment. 

In this conservationist approach the fundamental processes are the acquisition of 
knowledge conceming pollutants, their detection, their distribution, their effects, their 
reactions, and their ultimate fate; the next step consists of establishing governmental 
policies and public attitudes which apply this knowledge and also seek to increase it. 

The fund of available knowledge is shared among ali member States; many bodies 
of air and water are also shared among several member States. The needed additional 
scientists, technicians, equipment and legislation must be provided by the several member 
States for both national and international programmes. International agencies and the 
mechanisms for their co-operation with one another and with organizations appear to 
be adequate for the co-ordination of the needed effort. 
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THE USE OF MATHEMATICAL ANALYSIS 

R. CHERADAME* 

There are few subjects that give rise to more discussion than the role of 
mathematics in the education of engineers. Opinions vary from country to 
country, and from generation to generation; even the most open-minded 
find it difficult to understand each other's viewpoint when they discuss this 
topic and often refuse to be convinced. Usually the difficulty is quite simply 
that they are not talking about the same engineers or that they do not speak 
the same mathematical language. 

Since the author does not believe that sanitary engineers constitute a 
special case, the question will be considered from the point of view of engi
neering education as a whole. 1t should first be remembered, however, that 
engineers are associated with every branch of modern industry, and that 
their duties may vary widely in character: sorne deal with the planning of 
major projects, others with specialized technical problems; sorne apply 
science in industriallaboratories, in the search for new materials or methods, 
others direct the construction of engineering works, etc. Even the border
line between the engineer and the technician varies from country to country. 
Clearly the part played by mathematics cannot be the same in the training 
of all of these individuals. 

An attempt will be made to show the benefits that engineers can derive 
from modern mathematics. But mathematics cannot be assimilated easily by 
every adolescent, while for sorne a mathematical training may even be a 
disadvantage. Consequently, while it is reasonable to say that all engi
neering students should learn mathematics, the level tbat they are capable 
of attaining will be one of the factors governing their choice of sorne given 
branch of engineering in preference to another. In particular, the scientific 
level reached by young people between 17 and 19 years of age will be an 
important factor as regards the time devoted to mathematics in their 
training. 

Countries with a very flexible organization in this respect are at an ad van
tage. This is the situation in France, where there are 138 colleges for 
engineers, each providing a different type of training at a different scientific 
level, as prescribed by law. It is also the situation in the USA, where each 

* Director of Studies, Ecole polytechnique, Paris. France. 
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university operates at a different level, in accordance with which it selects 
students from candidates of varying ability. In this unofficial, but very 
effective manner, each university can avoid having to accept students with 
an excessively wide range of ability and aptitudes, as is the case in other 
countries where the universities are open to anyone holding a secondary 
education certificate. 

Although many views have been expressed concerning the role of ma the
maties, this does not mean that they are generally incorrect, but merely that 
they represent only a part of the truth. For there are many kinds of 
mathematics. While mathematics may be regarded as a tool, and moreover 
one so important for the study of science and engineering that it can be 
said to be essential, it is also the science which approaches closest to philo
sophy. lt is essentially an abstract science, so that to practise mathematics 
involves forcing the mind to operate in a world constructed entirely by man, 
a world that, although detached from reality, is designed to give a certain 
picture of it. In that world, facts are replaced by concepts and natural 
processes by sequences of logical operations. 

Mathematics thus enables us to study real situations and the develop
ment of these situations by making use of their images in an abstract 
world, i.e., by replacing facts and their groupings in nature by concepts; the 
meaning of these concepts and the rules for their use have to be strictly 
defined by certain codes and laws. 

Mathematics can therefore be said to in volve three main activities: the 
establishment of concepts, formulation, and finally, operations. 

The establishment of concepts involves the construction of an abstract 
world which is susceptible to mathematical treatment. The basic mathe
matical entities are defined together with their sets and the internai organi
zation of these sets, i.e., the operations to which they can be subjected 
(algebraic structures), the relative position of the elements, and the passage 
from one to the other (topological structure, etc.). In brief, the basic 
materials and the working tools are brought together. 

Formulation is the translation of situations into symbolic mathematical 
language. The relations between the concepts representing the parameters 
of the problem are expressed by equations or simple expressions. 

Operations (a word which in French designates both the mathematical 
tool and the use of that tool), transform one formulation into another; this 
results in the graduai appearance of the logical consequences of the initial 
system of equations and leads ultimately to its solution. In France, at the 
present time, the research mathematician understands by " calcul " ali such 
uses of operations, from the four elementary arithrnetical operations, to 
simple algebraic operations and integral calculus, and finally to operational 
calcul us. 

These three types of mathematical activity are the concern of three 
different groups of men: mathematicians, engineers and technicians. The 
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establishment of concepts is the task of the pure mathematician. The other 
two activities are the task of the users. They serve, furthermore, as a means 
of distinguishing between engineers and technicians: the difference would 
seem to be that while the engineer must know how to formulate problems, 
varying in complexity according to his function, and outline new solutions, 
the technician needs only to apply known methods to the solution of 
problems. 

This special mission of the engineer does not always caU for complex 
mathematical treatment and it is for this reason that the need for a very 
thorough mathematical training is not recognized by everyone-even in 
France where it is traditional. 

In the interests of efficiency, however, simple problems will be referred 
more and more often to technicians and machines for solution. Further
more, the desire for precision will lead increasingly to the inclusion of a 
larger number of factors in every study, so as to reduce the proportion that 
are neglected or uncontrolled; this will make simple problems increasingly 
uncommon. It is for this reason that teams trained in advanced mathema
tics will eventually become indispensable, both to handle complex problems 
and to understand the machines that will help in their solution. 

In considering the value of mathematics in the education of engineers, 
it is necessary to have a clear understanding of the distinction between pure 
mathematics and applied mathematics. 

Pure mathematics is concerned solely with concepts. On the one hand, 
it defines their properties, which often take the form of theorems, and it 
brings them together into larger and larger constructs so that general 
methods can be defined. On the other hand, by linking them together, 
pure mathematics builds up that extraordinary complex of operations 
which renders the treatment of an initial formulation possible. In these 
two fields, pure mathematics cannot by definition deviate from extreme 
rigour in all the reasoning involved. 

But although a rigorous analysis may lead to beautiful, abstract con
structs, the engineer cannot usually comply with the requirement for extreme 
rigour. His problem is rooted in the real world, which is imperfect 
and imprecise, and he cannot be satisfied by knowing simply that a problem 
is insoluble (which will be the rigorous answer in almost every case); he is 
willing to accept an approximate solution, within certain limits. 

Both these kinds of approximations are involved in the use of applied 
mathematics. Firstly, a search is made for the mathematical model which 
is the closest to reality or which at !east gives a picture that is both close to 
reality and easy to manipulate. Secondly, successive pure mathematical 
transformations lead from this initial formulation to a final formulation 
that is more easily interpreted, and a practical result is obtained, either by 
simple numerical methods or by the use of an approximate solution when 
it is impossible to arrive at a rigorous one. 
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We can now see that a thorough training in applied mathematics provides 
the engineer with an excellent intellectual and practical tool. In tackling a 
complex problem in the design office, the engineer is obliged in the first 
place, like the mathematician, to carefully select a simple and suitable 
mode! of the situation under study. He must then analyse it thoroughly, 
which calls both for a careful examination and for an awareness of the 
significance and value of each basic assumption. The choice of the variables 
to be taken into account requires him to separa te the useless from the useful 
and to point out and justify his choice of variables to retain and to reject. 
Next, a synthesis based on the variables selected leads to the scheme to be 
adopted. 

The essential steps in the study of the engineer's problems thus require 
him to use the " mathematical method ". From the point of view of mental 
training, the repeated mathematical treatment of problems of a concrete 
nature: 

(a) accustoms the engineer to analyse a complex problem as accurately 
as possible; 

(b) leads to the choice of the groups of important variables and, if need 
be, to the breakdown of a complicated problem into a group of simpler 
ones; 

(c) once the group of variables has been chosen, accustoms the engineer 
to develop a suitable partial synthesis and, after a clear hypothesis has been 
postulated, to construct a valid, simplified mode!; this tendency to look 
automatically for a pattern is certainly one of the most important results of 
a mathematical training; 

(d) leads the engineer always to choose the method of approach bef ore 
embarking on any major work; 

(e) finally, accustoms him to strict intellectual honesty, since rigour is 
the sine qua non of mathematical reasoning. 

With regard to the exchange of ideas with other workers, the language 
and method of reasoning of mathematics are universal and constitute a 
particularly effective means of communication. 

Finally, on the purely utilitarian Ievel of the acquirement of knowledge, 
mathematics is a convenient means for describing and expressing natural 
phenomena in a manner understood by ali scientists. Every science is 
passing or has passed through the successive stages of description, induction 
and deduction. Mathematics serves as a support for this structure, first 
at the inductive and then at the deductive stage. 

Ail that has just been said demonstrates the importance of applied 
mathematics in the training of engineers, but pure mathematics remains to 
be considered. 
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Although, speaking objectively, it is not essential to study pure mathema
tics to be able to understand modern applied mathematics, it is nevertheless 
highly desirable. However, certain precautions must be taken in teaching 
pure mathematics if serious dangers are to be avoided. 

Pure mathematics accustoms the student to study a problem projected, 
as it were, into the inner world of ideas, rather than as a practical reality. 
Th us the pure mathematician, wrapped up in his mental processes, renounces 
intuition and forgets the concrete. It was indeed this mistrust of intuition 
that led to the development of a purely axiomatic structure from which 
have sprung a whole series of remarkable advances, but the engineer must 
safeguard himself against the normal inclination of the human mind to 
reason only with what it has completely mastered and subjected to its rules. 

Another serious danger is that of excessive concern for rigorous deduc
tion. 

The chief function of the engineer is to be a creator; the training he 
receives should give him both confidence and enthusiasm. Mathematics, 
too, should show him how to take effective action in his dealings with the 
material world. 

It is safe to conclude from these conflicting observations that applied 
mathematics is necessary for ali future engineers; the amount of pure 
mathematics will be smali for the majority of students but larger for those 
of outstanding inteliectual ability. The many advantages resulting from 
familiarity with pure mathematics in the case of the most gifted students 
should, however, be stressed. They include: 

(a) cultural benefits, largely resulting from the inteliectual effort required 
to assimilate mathematical concepts and comprehend the meaning of the 
axioms; 

(b) training in how to look for a pattern or system, an essential acquire
ment for anyone wishing to understand and master problems; 

(c) a command of the language of mathematics and an ability to under
stand propositions couched in that language; this will increase the authority 
of heads of teams, in which mathematicians will in future participate to an 
ever greater extent. 

An example of a course of training which endeavours to derive the 
maximum advantage from a mathematical education is afforded by the new 
syliabuses of the Ecole Nationale des Ponts-et-Chaussées. Although this is 
a civil engineering training institute, the example is relevant to the present 
study, since the civil engineering field includes ali the non-biological special
ties of sanitary engineering. 

In accordance with a system common to sorne ten great French engineer
ing colleges, the institute adroits students of two kinds, ali of whom, after 
having taken their baccalauréat, have taken a two-year preparatory course 
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for the major engineering schools (classes préparatoires aux grandes écoles 
d'ingénieurs). Of these, students in the first category enter the Ecole 
Nationale des Ponts-et-Chaussées directly, following a special entrance exa
mination, and study there for three years; the first-year course is primarily 
theoretical, while the syllabus for the following two years covers the applied 
sciences (strength of materials, soil mechanics, hydraulics, etc.) and techno
logy (road building, properties of metal structures, etc.), ali this without 
prejudice to general education. Most of these students will follow a career 
in companies engaged in public works. They are called élèves-ingénieurs. 

Students in the second category have passed the entrance examination 
to the Ecole Polytechnique de Paris (which they enter after having completed 
the preparatory courses); they have completed two years of purely scientific 
and general educational studies, at the end of which they have decided to 
enter the civil service. It is at this stage that they take the second and third 
year courses at the Ecole Nationale des Ponts-et-Chaussées. They are 
called ingénieurs-élèves. 

It may be mentioned that at the end of the preparatory courses, the 
most brilliant students generally opt for the Ecole Polytechnique, while the 
students entering the Ecole Nationale des Ponts-et-Chaussées are among the 
best of those who have failed the examination for the Ecole Polytechnique, 
so that, although gifted, they perhaps find rather more difficulty with 
abstract thought. 

Nevertheless, they ali enter after having received a thorough mathema
tical training, since in the preparatory courses for the major engineering 
schools, out of 36 hours per week oftuition, 16 are devoted to mathematics. 

The syllabus for these courses comprises algebra, analysis and geometry. 
In algebra, the students study the concepts of sets, operations, and the 
structure of sets; the concept of number is then examined in greater depth, 
covering relative, rational, real and finally complex numbers. 

Subsequently, in linear algebra, the students study vector spaces and the 
correspondences between them, as weil as the related concepts of matrix 
calculus and its application to systems of linear equations; in conclusion, a 
thorough study is made of constructs, with real or complex Euclidean vector 
spaces and Hermitian spaces. Finally, the class of real polynomials is 
studied. 

The course in analysis deals mainly with the relations between sets of 
real numbers, i.e., the concept of a function. After the concept of limits 
has been introduced, series and their convergence are studied. Integral 
calcul us occupies an important place in this part of the syllabus, which ends 
with the study of the search for defini te functions by the use of relationships 
involving their derivatives, i.e., differentiai equations. 

Geometry has Iost much of its former importance; it is now merely the 
application to the study of two- or three-dimensional space of the concepts 
just described. Contact with reality is evidently somewhat masked here by 
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recourse to axioms, which involves a neglect of intuition, but nevertheless 
the development of concepts from their origin in reality can be followed. 
Use is made of knowledge already acquired, either in algebra or in analysis, 
for the study of analytical and differentiai geometry. 

A most interesting experiment in mathematical training has been carried 
out at the Ecole Nationale des Ponts-et-Chaussées, which recently complete
ly revised its first-year mathematics syllabus: this affects, therefore, the 
élèves-ingénieurs only. 

The syllabus has been divided into three parts: 

1) pure mathematics; 

2) application of mathematics to engineering; 

3) calculus of probabilities and numerical analysis. 

The originality of this experiment lies in the first and second parts of the 
syllabus. 

In the first part, no concession is made as regards rigour in deductive 
reasoning. Studies commence with the basic princip les of topology; the 
course covers functional analysis leading to spectral analysis and operators. 
This is supplemented by sorne additional instruction in integration. 

The original feature of the second part of the course is that it is taken 
simultaneously with the first. It includes tensor calculus of finite dimen
sions, differentiai tensor analysis, differentiable manifolds, integral calculus, 
the Stokes formula (partial differentiai equations with boundary conditions), 
and variational methods. 

Since the students are abruptly plunged, so to speak, into the second 
part of the course, they are led to discover mental processes of remarkable 
educational value. Meanwhile, the first part gradually throws light on 
what has been studied in the second part and, thanks to this constant inter
action, pure mathematics loses the somewhat mystical character that it 
acquires in traditional education, where it precedes all the other sciences 
and all applications. 

The above discussion has dealt almost exclusively with algebra and ana
lysis. Two other essential parts of mathematics should not be forgotten. 

Probability theory can be studied with varying degrees of thoroughness, 
but it is essential for all engineers. Its role is twofold: it makes it possible 
to apply mathematical reasoning to physical phenomena, all of which have 
œrtain random features; furthermore, it forms an introduction to statistics, 
without which it is impossible to assess the true value of experimental 
results, whether in the physical or social sciences. 

In France, so far, probability theory has not been studied in the prepa
ratory courses for the engineering schools; consequent! y it is in the latter 
schools that it appears, to a varying extent, in the syllabus. It would cer-



30 EDUCATION OF ENVIRONMENTAL HEALTH ENGINEERS 

tainly be possible to commence the study of probability theory sooner, and 
changes may weil be made along these lines. 

An introduction to machine calcula ti on is just as important. Although 
it may not be necessary to give ali students a detailed knowledge of numerical 
analysis, it is nevertheless very desirable for them to understand the transi
tion from traditional mathematics to the numerical applications which are 
being made on an ever-increasing scale with the aid of modern computers. 
In the future, whether in practical work or in technical projects forming 
part of specialized courses, ali students will make use of computers just as 
in the past they used slide rules. In the factory, too, the same will apply. 
A good theoretical grounding in numerical analysis will help the engineer 
to understand the possibilities and limitations of these machines. 

In conclusion, it should be stressed once again that for a long time to 
come many good engineers will still not have received the advanced mathe
matical training described above. 

Other countries prefer more practical forms of training. For example, 
a recent Franco-German study showed that a " Technische Hochschule " 
student who has obtained his preliminary diploma (Vordiplom) after the first 
two years of study, could not follow the first-year course in the Ecole des 
Ponts-et-Chaussées but was quite capable of following the second and third 
year courses. Such a student will nevertheless become a very highly quali
fied engineer. 

In France itself there is a whole range of types of training. At one 
extreme, the Ecole Polytechnique goes much further than the Ecole Natio
nale des Ponts-et-Chaussées in its pure mathematics syllabus; at present, it 
aims exclusively at training engineers with a highly developed general out
look who willlead multidisciplinary industrial teams. At the other extreme, 
there are many French engineering schools which go little beyond the ma
thematics learned in the preparatory courses. These schools train produc
tion engineers, site engineers, etc. 

The author hopes that the reader has been convinced that today, more 
than ever, mathematics increases the scope of the most gifted engineers so 
that it is weil worth devoting a considerable time to it at an age when it is 
easy for the student to absorb such knowledge. 

It is being accepted to an increasing extent that an engineer's education 
continues throughout life and that the period spent in a university or engi
neering school studying for the professional qualification is only one stage 
in that education. A distinction can thus be made between the fundamen
tals that should be learned at 18 or 20 and the additional knowledge that 
can be acquired later, for example at 25 or 30. There can be no doubt as 
concerns mathematics, however, for in most cases it is at 18 years of age 
that the mind is most able to assimilate this subject. Consequently, as far 
as possible, mathematics should be studied before specialization is begun. 



PROBLEM-SOLVING 
AND ENGINEERING DESIGN 

James M. HAM* 

The professional engineer has been and always will be a designer and 
problem-solver who is aware of the uncertainties in the technical basis and 
social consequences of his work. One of the basic misconceptions in 
engineering education, particularly in North America, is that engineering 
stands exclusively on the shoulders of science, and this has led to the modern 
emphasis on science in such education. Michael Polanyi, the chemist and 
philosopher, has argued cogently that machines are not explainable merely 
in terms of scientific laws but that they require operating principles for 
their understanding.4 Thus, years after James Watt shared in the invention 
of the steam engine, Sadi Carnot conceived the basis for the engineering 
science of thermodynamics in his search for "better" engines; in other 
words, science had to catch up with practice. Engineering education in 
this period scarcely existed as a force helping to mould economie develop
ment.1 Over a century later, the technology of lasers and masers is recog
nizably the result of prior basic scientific research in microwave spectroscopy. 
Nevertheless, the profession of engineering has remained a blend of four 
basic ingredients: the needs of man, technology, economies, and science. 

1 shall refer to three basic changes in the concept of engineering; each 
of these has resulted in or been associated with monumental changes in 
technology, but they all represent, in themselves, new approaches to the 
development of engineering philosophy. 

The first has been described by A. N. Whitehead as the "invention of 
the method of invention".6 The recognition, in the nineteenth and early 
twentieth centuries, that it was possible to apply the results of scientific 
research deliberately to the development of useful products by combining 
operational and scientific principles led to the marked interdependence of 
science and engineering, the consequences of which have dominated changes 
in engineering education up to the present. 

The second change has been referred to by U Thant, Secretary-General 
of the United Nations, as the recognition of the possibility that, in the 
future, "our resources will be limited by our decisions rather than our 

• Dean, Faculty of Applied Science and Engineering, University of Toronto, Ontario, Canada. 

-31-



32 EDUCATION OF ENVIRONMENTAL HEALTH ENGINEERS 

decisions by our resources". This statement applies not only to inter
national problems resulting from the uneven exploitation by nations of 
available technologies, but also to the ability of man to utilize his environ
ment at an intensive level. 

The third basic change has been brought about by the development of 
the high-speed electronic digital computer a for information storage, pro
cessing and retrieval systems. 2 Without modern computer and related 
communication networks, problem-solving and engineering design on the 
scale that will be demanded in the future would be lost in a mass of clerical 
detail. 

Problem-solving and design is the essence of engineering and is not a 
separate subject to be added to the curriculum. The renewed academie 
emphasis on "design" is weil illustrated by excellent textbooks which 
examine the sequence of steps in engineering problem-solving, with emphasis 
on the use of the computer. Since it is the purpose of engineering design 
to solve real problems, we should consider certain modern characteristics 
of engineering problems and approaches to their solution. The recognition 
of the nature of the basic problem is and will remain one of the essential 
insights of good engineering. 

Problems of systems 

Engineering has always involved problems of systems and of components; 
what has changed dramatically is the scale of the systems (for example in air 
traffic control, urban sewage and waste disposai, electric power systems, 
information storage and retrieval). We are also able to make a more 
precise examination of previously over-simplified situations. An open 
mind as to the scale of the system and to the number of alternatives to be 
considered is characteristic of the modern systems engineering approach 
to problems. Adherence to specialized design techniques often implies 
undesirable limitations to the solution of problems, and for this reason few 
regret the passing from engineering curricula of specialized design studies. 

The recognition of a system as a group of components separated in a 
relevant way from a larger environment, and functioning to attain effectively 
a purpose or objective has been greatly aided by the development of opera
tions research, the theory of automatic control, and general methods of 
optimization. Further brief comments are made on these subjects in the 
following section (Mathematical modelling), while reference should also 
be made to the Chapter on the use of systems analysis in environmental 
engineering (see p. 43). 

a Analog and hybrid computer systems continue to be significant in engineering design, but as adjuncts 
rather than central systems. 

b See, for example, Rudd & Watson 6 and Woodson 7. 
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The development of the digital computer as a part of data processing 
systems has taught engineers to recognize "software" systems as weil as 
"hardware" systems, and hence to apply a systems approach to an immensely 
extended range of hardware-software problems that cau properly be regarded 
as engineering in character. 

The systems approach to problems has also had a marked effect on the 
way problems are tackled. For example, unusual groupings of persons are 
proving essential in tackling problems effectively in bioengineering and 
environmental engineering. There is no standard academie curriculum 
that will guarantee insight into any given problem, nor is an unusual back
ground necessarily a bar to the possession of insight. In engineering today, 
rigid professional classification is unacceptable if it impedes a free attack 
on problem-solving. 

Mathematical modelling 

With the need to work with large systems, and the possibilities provided 
by the digital computer, there has been and will be an increased pressure to 
develop partial models for the problem in which as many significant func
tional relationships, variables, parameters and constraints as possible are 
quantified and structured into a system of equations (differentiai, integral, 
stochastic, logical, etc.). In few real-life engineering problems is it self
evident that ali the significant variables and their interrelationships are 
readily identifiable (much less quantifiable). Those that cau be identified, 
quantified and included in a system of relationships constitute what the 
computer-oriented person calls an "algorithmic" structure, in the sense that 
a digital computer cau be programmed on this basis. a 

Since a real problem cau rarely be represented by an obviously adequate 
algorithmic structure, there remain what may be called "heuristic" features 
(for example, value judgements asto the extent of quantification justified, 
etc.). The truly creative aspect of engineering design cornes in the interplay 
between the algorithmic and heuristic features of problem-solving. Digital 
and related computers are capable of analysing algorithmic structures of 
immense complexity. The advent in the next decade of man-machine 
interactive computer terminais with the development of adequate software 
offers the prospect of a closer coupling between the analysis of algorithmic 
structures and the heuristic evolution of such structures in what the computer 
specialist calls an "on-line" mode. The ability to exploit the algorithmic 
capabilities of digital computers in engineering design is now an essential 
part of the technique of the problem-solver. 

Despite the fact that it is easy to use foolishly, the digital computer has 
revolutionized the approach to problem-solving by providing a hitherto 
inconceivable open-mindedness to alternatives. 

a Algorithms are rules for computing; they form the basis for step-by-step instructions to the computer. 

3 
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In mathematical modelling, precise solutions to approximate models, 
approximate solutions to precise models, and approximate solutions to 
approximate models may ali be sought. Engineering education today 
over-emphasizes the first of these and succeeds inadequately in conveying 
the importance of the second and third. 

Best solutions 

Problem-solving in engineering involves the selection of materials, the 
synthesis of components and the structuring of systems in such a manner 
as to yield an effective (preferably "best") result in terms of sorne combina
tian of technological, economie, political, social, and aesthetic criteria. 
The selection of one among a set of possible "solutions" has always been a 
fundamental task of the engineering profession. In effecting such selections 
from within subsets defined by algorithmic structures arrived at through 
mathematical modelling, an elaborate mathematics of optimization has 
recently been developed, characterized by such topics as linear program
ming, dynamic programming, the maximum principle, etc. These methods 
require a computer if they are to be used on any major scale. They deal 
with a complex form of the mathematical problem of finding the top of a 
"hill" in a function considered as a surface defined over a plane.3 

To summarize, a few historically major changes in the context ofproblem
solving and engineering design have been emphasized in this Chapter, rather 
than details of content. The "invention of the method of invention" has 
led to a tremendous increase in the tempo of change in the specifie content 
oftechnology, the "limitation of our resources by the nature of our decisions" 
shows the control man potentially has over the nature of large-scale techno-

FIG. 1 
A STRUCTURE OF PROBLEM-SOLVING IN ENGINEERING 
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logical systems, and the high-speed digital computer as the key element in 
massive information storage, processing and retrieval systems offers the 
possibilities of a new degree of open-mindedness in our approach to solving 
large-scale problems. 

With respect to the structure of problem-solving itself, Fig. 1 may serve 
as a final summary. In this diagram, a real problem is fed in quantified 
form into a data bank, which together with quantified data on the para
meters, variables, relations and constraints of the new problem will con tain 
records of previous similar problems and of the solutions selected. Through 
ingenious processes of heuristic synthesis, the problem-solver selects an 
initial algorithmic structure P 0 as a base from which to begin analysis and 
optimization. Data on parameters and algorithmic structures are repeatedly 
fed back and forth in the system, either automatically (algorithmically) or 
heuristically, by the intervention of the problem-solver, and in this way a 
sequence of problem representations P0 , P1 ••• Pn is generated. At a 
crucial stage, the problem-solver selects a "solution". 

In this diagram, the interfaces between the problem-solver and the 
information system stand out clearly. The ability of the information 
system to handle clerical details of data acquisition and storage is just as 
important as the ability of the system to perform algorithmic analysis and 
optimization. 

While the basic structure of Fig. 1 has remained relatively unchanged, 
the sophistication of its mathematical and decision-making components 
has been steadily increasing. The unifying concept of state space, the use 
of probability theory and statistics to represent random fluctuations of 
variables and events, the development ofmathematical methods of optimiza
tion are a few specifie topics that are increasingly taught as part of under
graduate engineering curricula. For those who are already in practice, 
these facts are sim ply a further caU to the life of learning. 

Underlying the increasing sophistication that has been referred to is the 
simple invariant fact that "real" problems are stated by and solved by 
engineers with the help of others. When a problem can be solved by a 
machine in a direct algorithmic sense, it is no longer an engineering problem. 
Hence the location of the frontier defined by the uncertainties characteristic 
of professional engineering can be expected to change in a continuing and 
dramatic way. 
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THE HUMANITIES AND SOCIAL SCIENCES 
IN ENGINEERING EDUCATION 

Edwin J. HOLSTEIN* 

Scientific progress without human 
progress is no progress at ail; but 
rather ... an invitation to disaster. 

John 1. SNYDER, jr (1963) 9 

In the recent past, in the developed countries, the technologist boldly 
a pp lied his skills to solving the problems of achieving better agricultural and 
industrial production with astonishing success. He has demonstrated 
beyond doubt that he is potentially capable of performing similar prodigious 
feats in the developing co un tries. The truly fabulous success of engineering 
in solving the age-old problem of scarcity has not, however, been an unquali
fied blessing, as already pointed out in the Chapter on changing concepts 
of environmental health. The problems to which it has given rise obviously 
have social significance, and their solution clearly demands novel approaches 
involving not only new technological discoveries and their application, but 
also a deep appreciation of the nature and importance of group aspirations, 
attitudes, and behaviour. 

In the developing countries, of course, the most urgent problems are 
similar in many ways to those already solved by engineers in the industrial
ized countries. But there are important differences. The problem of 
providing rising standards of living in developing nations in the face of 
rising expectations and population pressures is not only extremely acute 
and pressing, but must be solved within the context of a bewildering variety 
of traditional cultural patterns. At the present stage of world development, 
for good or ill, the task of adapting existing and new technology to these 
varying social and political systems often falls to engineers from the "success
ful" industrialized nations, who, although they possess the requisite engi
neering skills, are often not broadly enough educated to appreciate fully the 
social and human context within which they must practise their art. 

Evidence indicates strongly that technological innovation is a primary 
cause of economie progress. According to leading American economists, 

• Professor and Chairman, Department of Economies, Rensselaer Polytechnic Institute, Troy, N.Y., 
USA. 
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the accumulation of technique has been even more important than the 
accumulation of capital itself. For instance, Professor Samuelson, of the 
Massachusetts Institute of Technology, summarizes the findings of his 
colleague, Prof essor Solow, on this point as follows :8 

Less than half of the increase in America's productivity per capita and in real wages 
can be accounted for by the increase of capital itself. Considerably more than half the 
increase in productivity seems to be attributable to technical change-to scientific and 
engineering advance, to industrial improvements and to " know-how " of management 
methods, and educational training of labor. 

Thus it may safely be postulated that technology and its application will 
be central to the solution of mankind's most pressing problems, and that in 
the future the contributions of the technologist will be measured not only 
by the yardstick of technical ability, but also in terms of the understanding 
he displays of the social context within which he operates. Dr Simon Ramo7 

recently described the importance of searching for a new kind of engineer. 
One of society's most urgent needs, in his view, is to develop men who can 
effectively link scientific development for social betterment. Whether they 
are called social-technologists or techno-sociologists, they must be especially 
gifted people, intellectually talented and properly trained to understand the 
totality of modern society. 

In a very real sense, Ramo's plea is merely the culmination of the concern 
felt for many years as to the breadth of education of engineers. The time 
to be allocated to courses in the humanities and social sciences and the 
purpose of such courses in American engineering education has long been 
a matter of lively, often acrimonious, debate and an object of continuing 
study. Civilian engineering schools in the early nineteenth century, such as 
the American Literary and Scientific Academya and the Rensselaer Institute, b 

were outside, even hostile to, the classical tradition. As viewed by the 
iconoclastie founders of such schools, classical studies ignored the practical 
needs of a new country which looked to the future and was in a building 
mood. The classical tradition, they felt, was oriented toward the past and, 
in any event, seemed theoretical and esoteric. To such men, the classics 
were at worst obsolete, and at best irrelevant to the "common purposes of 
man". One cri tic ofthe classical tradition, for instance, was la ter to observe 
with pride that important men in his time had become "thinking labourers" 
rather than "laborious thinkers". 4 

In retrospect, therefore, it is not surprising that Amos Eaton, first 
director of the Rensselaer Institute, explicitly ruled out courses at his school 
in any subject except "experimental science".1 Nor is it surprising that 
American educational debates during the past century were often concerned 

a Founded in 1819, this institution developed into Norwich University, Northfield, Vt., USA. 
b Founded in 1824, now Rensselaer Polytechnic Institute, Troy, N.Y., USA. 
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with the question of the alleged advantages of education in applied science 
as opposed to the classics. 

Many, for instance, urged that the entrance requirements for engineering 
training, especially in the area of belles lettres, should be made more severe. 
Such subjects were thought to be out of place in a special school for technical 
education. Those who held this opinion did not, of course, deny their 
importance, but merely urged that their study should be completed before 
technical training was begun. Attempts to extend the duration of engineer
ing training, however, to five, six or seven years (by requiring prior liberal 
arts training, for instance) met with little or no practical success. Enrol
ments in such elongated courses were, and are, almost negligible in the total 
picture. 

Opinions indicating outright distrust of the humanities and social sciences 
as necessary, or even proper, subjects for study by engineers were by no 
means rare. Sorne, for instance, feared that literary subjects might create 
a strong tendency in the engineering student to devote time to books and 
the library-not a very helpful trait, it was thought, since successful engineer
ing practice was based on action, not reflection. Others held that the liberal 
arts disciplines bad no "monopoly on culture". Elementary sb op practice, 
it was stoutly maintained, was largely a "cultural" study if properly taught. 
Still others claimed that the humanizing and liberalizing value of any 
discipline lies not in the subject matter, but in the teacher. Thus, the 
effective presentation of engineering subjects by engineering teachers would 
pro vide a "liberal education". Others again believed that men who have 
been exposed to a well-rounded course in engineering principles will, by 
their own natural ability, liberalize themselves after graduation by indepen
dent reading and study. Ali these attitudes can still be found in isolated 
pockets of opinion on almost any engineering college campus. 

As might be expected, sorne engineering educators took up an inter
mediate position. They were willing to admit that, in view of the somewhat 
limited secondary school preparation of their engineering students, sorne 
courses beyond the strictly technical ought to be provided. This group 
insisted, however, that only semi-technical courses, of more immediate value 
to the engineer, ought to be offered. They urged, therefore, the provision 
of courses in the history of engineering instead of traditional history, railway 
administration instead of economies, or technical writing instead of litera
ture. Such a compromise would provide a broadening of viewpoint and 
afford a "culture" strongly supportive of professional training. 

There were, of course, many strong advocates of the provision of courses 
in the humanities and social sciences to engineers and, clearly, the pattern 
of their advocacy evolved toward broader concerns as the twentieth century 
moved from one military or economie crisis to another. 

During the last half of the nineteenth century the need for "gentlemanly 
cultivation" for engineers was frequently stressed. "Literary taste" and 
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"facility in the graceful use of language" were phrases often used to describe 
the aim of such studies. It is doubtful, however, whether the argument 
was very convincing to engineers whose self-image a hundred years ago 
was that of rough, tough men with little interest in, or aptitude for, the 
mann ers of genteel society. 5 

In the latter half of the past century also, the "mind-training" powers 
of certain subjects were cited as a reason for the inclusion of sorne non
technical subjects. Latin was often justified on these grounds, as were other 
languages. The fact that faculty psychology had been invalidated early in 
the nineteenth century2 did not prevent its continued use as a rationale for 
sorne subjects by both classical and technical educators. On balance, 
however, the engineering educator instinctively distrusted the theory of 
formai discipline to which so many classicists subscribed and did much to 
discredit it. 

As time passed, however, the humanities and social sciences were 
justified on the basis of ever-broader social aims. Increasingly, phrases 
like "public affairs", "civic reform", and "careers consistent with the public 
welfare" were used in arguing for more attention to these subjects.6 It had 
become evident to many that "a Iarger sense of social responsibility should 
be a definite objective of the engineering profession" if it were to "gain 
recognition for more than its technical proficiency".10 Although narrower, 
persona! aims for these subjects seem still to persist, the broad purpose of 
an enhanced contribution to social welfare has come to predominate. 

In retrospect, the rapprochement between technical and liberal studies, 
begun weil over a century ago, is clearly not yet complete. Scepticism 
persists and advocacy of liberal studies, whether prompted by persona! or 
social aims, has viewed these subjects as additions to, or in support of, 
engineering training. Few, as yet, have viewed them as an integral and 
necessary part of professional engineering training. 

Even Benjamin Greene,3 whose foresight proved so extraordinary, saw 
polytechnic education merely as a "judicious combination of these two 
parallel but intimately connected systems of culture which might conduce 
to the exaltation of the intelligence and executive power of the student and 
future practical man ... " 

Evidence is beginning to accumulate, however, and forward-looking 
engineering educators are beginning to observe· that modern engineering 
projects must increasingly be designed within social and human contexts. 
In engineering practice, as the test of technical feasibility alone gave way 
to a test of technical plus economie feasibility, attitudes toward "non
technical" subjects shifted appropriately. lt is now quite probable that 
as the test of the human and social acceptability of engineering projects is 
added, a further shift will occur. 

In the developed countries, increasing complexity is a fact of life. Social 
problems, many of which are the result of the application of technology to 
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the human condition, are becoming general. ln the developing countries, 
inattentiveness to social and human variables can lead, and already has 
led, to expensive engineering failures. 

Thus, it can be argued that new constraints-new variables-have 
been added to the problem of engineering design. lt is, of course, un
reasonable to expect an engineer to master ali the disciplines in which 
expert knowledge may be necessary for a specifie project. Nevertheless, 
just as he has drawn so heavily in the past on the natural sciences and 
mathematics, he may in the future be forced to draw as heavily upon the 
humanities and the social sciences. He is not now, of course, a specialized 
scientist or mathematician, nor need he in the future be a specialist in 
philosophy or anthropology. He must clearly be aware, however, of these 
broader constraints, as he is now as far as the natural sciences are concerned, 
and be able to consult effectively with humanists and social scientists. 

In very recent times, in contrast, another aspect of the relationship 
between engineering and the social sciences has been emphasized. It is 
being increasingly recognized that the hallmark of the trained engineer is 
his methodology. He is not happy, as a rule, unless he is confronted with 
a carefully defined problem and is using his methodological skills, or the 
"engineering approach", to solve it. According to this view, sorne engineers, 
at least, ought to be broadly and deeply enough trained and educated to 
apply the methodology of engineering to the solution of social problems. 
Dr Simon Ramo 7 feels that the specially-trained general practitioner of 
socio-technology may need seven or eight years of study for a new kind 
of doctorate: he must become sufficiently expert in both scientific and 
social aspects of life to see over-all sociological situations; the engineer 
should become as trained in the application of engineering to social problems 
as he is now in the application of science to engineering. This amounts 
to the suggestion that the cry for more generalists in an era of increasingly 
narrow specialization may very weil be answered by a revised and modernized 
engineering education. Such a curriculum would be designed to enable 
the engineer, working under governmental or corporate auspices, to direct 
projects having wide social, political, and economie, as weil as technological 
implications. 

As the relationship between engineering-especially environmental 
engineering-and the social sciences becomes increasingly evident to 
engineers and social scientists alike, one problem persists. This is that of 
the relation of the humanities, such as philosophy, literature, history, and 
the fine arts, to the work of the engineer. 

Courses in such subjects are most often thought to have the same value 
for the engineer as for anyone else. That is, their content is concerned 
more with the man and his inner !ife than with the professional engineer. 
Although operational relationships between these subjects and engineering 
are, indeed, difficult to establish, the view can certainly be put forward that 
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no man, whatever his profession, can perform his task weil unless he under
stands his relationship, not only to himself, his family, and his own society, 
but to the ultimate purposes of mankind. Much thought needs to be given 
to this aspect of engineering education, and indeed to this aspect of higher 
education in general. At this point, however, the hope can at least be 
expressed that understanding will inevitably develop as technologists live 
amidst their accomplishments and humanists continue to try to sort the 
good from the bad. 

Tentatively, at least, here are the broad principles on which an engineering 
education incorporating the social sciences and the humanities, and appro
priate to the foreseeable problems of mankind, can be built. 

The engineer needs to know something of the humanities and the social 
sciences in order to be aware of the new constraints on engineering projects 
and to consult experts effectively. Courses in these subjects centred on this 
growing need would integrate these studies into his professional training and 
simultaneously accomplish his "liberal" education-perhaps more effectively 
than at present. 

The engineer of the future may need to know enough of the humanities 
and social sciences in order to apply his engineering skills to the solution of 
broad social problems-to become a generalist consciously seeking to bring 
about salutary social change. The engineering training of the future, if it is 
to match and exceed its effectiveness in the past, must recognize this new 
need and be planned accordingly. 
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THE USE OF SYSTEMS ANALYSIS 
IN ENVIRONMENTAL ENGINEERING 

Joseph J. HARRINGTON, Ph.D.* 

Modern systems analysisa takes as its goal a rational, "scientific" 
approach to decision-making. The approaches and techniques that it 
uses can, however, be employed equally weil in finding solutions to the 
problems of managing the human environment, particularly with respect 
to the use and abuse of natural resources. 

It is the purpose of this Chapter to identify sorne of the distinguishing 
characteristics of systems analysis; to illustra te by means of examples sorne 
of the important new mathematical and computer techniques that it often 
employs; to survey briefly sorne of its initial applications in environmental 
engineering; and to report recent opinions on its role in environmental 
engineering curricula. 

Characteristics of systems analysis 

Sorne of the essential characteristics of this appruach to planning and 
decision-making are :1 

1. A systems orientation. The central idea is that there are inter
dependencies-of greater or lesser importance-between ali the elements of 
a system. This concept is emphasized in systems analysis. In fact "its 
explanations of phenomena assert very little about the exact physical and 
biological nature of the elements of the system but deal rather with the 
interplay between the elements within the system". 3 

2. The use of interdisciplinary teams. lt is not always clear at the 
start which disciplines will contribute most to the solution of complex 
problems. For such teams to work synergistically, it is necessary for each 
member to become familiar with the vocabulary, techniques and goals of 
the other members' disciplines. It almost might be said that participation 

* Associate Prof essor of Environmental Health Engineering, Harvard University, Cambridge, Mass., 
USA. 

a There are sorne who find it useful to distinguish between systems ana/ysis and other closely related 
endeavours, such as operations research, management science, and cybernetics, Since they have many impor
tant features in common, they are regarded as more or Jess interchangeable in this Chapter. 
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in interdisciplinary research requires a willingness to make mistakes at the· 
fringes of one's own technical field. 

3. A penchant for forma! models in the spirit of the natural sciences. 
The overwhelming preference of engineers, mathematicians, statisticians. 
and other scientists who participate in systems analysis work is to use 
symbolic models in contrast to verbal reasoning. "The essence of this 
point of view is that a phenomenon is understood when, and only when, 
is has been expressed as a formai, really mechanistic model, and that, 
furthermore, ali phenomena within the purview of science (which is probably 
ali the phenomena there are) can be so expressed with sufficient persistency 
and ingenuity."8 Throughout the work of the systems analysts there is. 
ample evidence ofwhat Warren Weaver once termed the "friendly invasion" 
of other fields by the techniques of the natural sciences. The ubiquity 
of mathematical models and techniques is symptomatic of the "unreasonable 
effectiveness of mathematics in the natural sciences".39 

Not ali problems are suitable candidates for systems analysis studies. 
From the viewpoint of the formai systems analyst, sorne of the properties 
of the ideal problem are :8 

1. The objective of the system should be clearly defined. 

2. lt should be possible to express the significant properties of the 
system in terms of a reasonably tractable mathematical mode!. 

3. It should be possible to estimate the parameters of such models 
from readily available data. 

4. Current practice should leave plenty of room for improvement. 

To these we might add: 

5. The problem should be one of importance, and 

6. The problem should be common enough to make re-use of such 
models likely or extension of their applicability to other types of problem 
convenient. 

These properties are not wholly compatible with one another. For example, 
the fourth tends to conflict with severa} of the others. "If an operation is 
repetitive, weil recorded, intended to serve a well-defined goal, and of a 
kind in which the influences of decisions on the attainment of the goal do 
not transcend available technical knowledge, then it is not likely that 
current practice will fall far short of the most efficient practice attainable. "8 

The above characteristics are closely similar to the procedures that the 
formai analyst typically follows. Simon31 has suggested four necessary 
steps in the use of formai mathematical models as an aid to managerial 
decision-making: 
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1. Construct a model that satisfies the conditions of the available 
mathematical and computational techniques, and that at the same time 
adequately represents the important features of system performance. This 
step involves one of the traditional goals of the natural sciences: description. 
Although insoluble models have often catalysed the development of new 
techniques, it is generally unwise for the systems analyst to depend imme
diately on rapid advances. It usually makes little sense to formulate 
systems models that cannot be solved. 

2. Define a criterion function, or "measure of merit", that ena bles all 
<>f the possible designs or plans to be arranged in order of preference. This 
must be expressed formally and quantitatively as a function of the system 
variables and parameters. The principal purpose of this "objective" 
function is to reduce the indeterminacy of the model. Stated differently, 
the objective function is used to eliminate all the less desirable, but technically 
possible, systems designs. As opposed to the descriptive role of traditional 
natural sciences, this step lends emphasis to the prescriptive role of modern 
systems analysis. s 

It is often difficult to quantify and agree upon the formai objective 
function. It is precisely at this point that value judgements enter promi
nently, and disciplines other than engineering-particularly economies and 
<>ther social sciences-become especially important. 30 

3. Obtain empirical estimates of the parameters of the model for the 
given situation. Almost inevitably this will in volve the use of conventional 
or advanced statistical techniques. 

4. Solve the model, using mathematical and computational techniques 
to select values of decision or design variables that maximize-or, more 
generally, optimize-the objective function. In this process modern 
computing facilities are increasingly necessary (see the Chapter on the role 
<>f computers in environmental health, p. 64). 

Optimization of an objective function for purposes of selecting best 
designs or making best decisions is a relatively new concept, but invoking 
<>ptimality princip les for purposes of prediction bas long been of theoretical 
importance, particularly in the physical sciences. 40 In many fields, a natural 
economy of energy, action, work, etc., bas been assumed in order to reduce 
the indeterminacy of the system in such a way that the phenomenon can 
be described accurately. Sorne examples, familiar to environmental 
engineers, are the principle of /east work (invoked in the analysis of 
statically indeterminate structures); the method of /east squares (a classical 
technique in curve fitting in statistics); the Fermat principle of /east time 
(optics); and the minimization of the Gibbsfree energy function for conditions 
<>f chemical equilibrium. The same mathematical techniques are frequently 
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appropriate for optimization in decision models, for the problems are 
essentially equivalent in form. 

There is almost always an objective function. In virtually every case 
this is a scalar (one-dimensional) function; that is, no matter how many 
components are included in the objective function (summed algebraically), 
the dimensions of each term must be homogeneous. It is not conceptually 
or theoretically convenient to maximize simultaneously disparate objectives. 6 

For example, we cannot envisage maximizing irrigation water (cubic metres/ 
year) and hydroelectric power production (megawatt-hours/year) at the same 
time. We can, however, rank alternatives such as these in terms of dollars 
per cubic metre of irrigation water and dollars per megawatt-hour because 
these yield a scalar, dollars per year. Besides the objective function, there 
are usually a number of technical and other requirements. These may be 
either constraints or objectives, as defined below:8 

1. Constraint: A requirement is a constraint if: 
(i) it is never to be violated at any cost, however high; or 

(ii) there is no gain or advantage in overfulfilling it. 

2. Objective: A requirement is an objective if it can be violated, though 
at sorne cost or penalty, or if there is an advantage in overfulfilling it. 

In order to clarify these definitions by example, consider an irrigation
water requirement that I cubic metres of water are to be supplied during 
the growing season. If this requirement is truly a constraint, an extremely 
large (for practical purposes, infinite) penalty would be suffered if less than 
the "required" I units of water were supplied; furthermore, no additional 
benefits would accrue if more water were supplied. On the other hand, 
the irrigation-water requirement may be considered an objective (and 
formally included in the objective function), if there is sorne finite penalty 
for failing to meet the target requirement and/or there is sorne increase in 
benefits if more water than the target requirement is supplied. lt is likely 
that the penalty will be increasingly severe the greater the deficit, and that 
unit increases in benefits will be much smaller than the average for the 
specified requirement. 

In sorne situations it is more acceptable to express the decision problem 
in terms of maximizing an objective function subject to one or more proba
bilistic constraints. One statement representing this class of constraint is: 
"The probability that the irrigation water supplied is greater than or equal 
to the irrigation-water requirement must itself (the probability) be greater 
than or equal to sorne required level." Such an expression may be written: 

Prob (water supplied ~ I) ~ 1 - IX, 

where IX is the upper limit on the proportion of times that the system may 
fail to meet the target requirement of irrigation water, /; IX is a pre-set 
parameter (say, 1% or 5 %). 
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It should be clear from this simple example that there is no fundamental 
distinction between requirements stated as objectives and those stated as 
constraints. A number of reasons may be adduced for making objectives 
and constraints interchangeable: 

1. Conceptually, as in the above irrigation example, the requirement 
may not actually be rigid, and it may be more satisfactory to make explicit 
the finite increase or decrease in the benefits. On the other hand, the 
requirement may be based on rather imperfect physical, biological, or 
economie theories, for example, and it may be expedient to make it a rigid 
requirement. Examples of the latter situation abound in environmental 
engineering: drinking water standards for bacteriological quality reflect a 
rational concern for the health of the public, although the relationships 
between drinking water quality, as measured by indicator organisms such 
as Escherichia coli, and disease are poorly understood. 

2. Computationally, simpler optimization problems may result where 
constraints can be introduced into the objective function. The resulting 
unconstrained maximization problem may be easier to solve thau the original 
constrained problem. Another more recent development takes advantage 
of the fact that it is usually easier to solve constrained optimization problems 
that involve only linear constraints. White most technological requirements 
in environmental engineering are non-linear-a head-loss function is one 
example-it is now convenient in sorne cases to include such inequality 
constraints in the objective function.10•33 

The role of systems analysis in environmental management 

Dorfman8 has pointed out that perhaps the " optimal situation for opera
tions research is one in which conditions are changing too rapidly for 
experience to be assimilated by informai, unsystematic methods, but slowly 
enough to permit the formulation of a model applicable to both the 
recent past and relevant future, and to permit the accumulation of the data 
needed for estimating the parameters of the model''. Such a situation seems 
to have developed in the environmental engineering field. There has been 
a rapid increase over the last few years in the USA and elsewhere in public 
demand for improved environmental service systems. These include a 
dependable supply ofhigh-quality municipal water, improved transportation 
and recreation facilities, and abatement of water, air, and land pollution. 
These ali have in common a requirement for large amounts of social over
head capital and the need to decide how limited resources are to be allocated 
to conflicting or competing uses. The Spilhaus Committee on Pollution 
set up by the National Academy of Sciences-National Research Council34 

gave careful consideration to the use of systems analysis in assessing and 
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modifying interchanges between pollution " problem sheds ,a and air, 
water and land resources. In suggesting the potential for systems analysis 
in environmental management, the committee warned that it is " popular 
today to assume that ali difficult problems cali for a ' systems approach ' ... 
[But] despite many shortcomings, which can be identified and overcome 
only by practical attempts at systems analysis, there does not seem to be 
any comparable way to incorporate the inter-area transfers into a realistic 
resolution of the pollution of an individual problem shed." 

The initial applications of systems analysis have been pursued most 
intensively over the past decade in planning large-scale water resources 
projects. 22•23 The reasons given for the suitability of the systems approach 
in water-resources planning 12•15 indicate the possibilities of application to 
other aspects of environmental management: 

1. Water projects typically involve large-scale, visible, more or less 
permanent physical changes in the human environment: large lakes are 
created, navigable water provided, flood plains reclaimed or permanently 
inundated. 

2. The expertise of many traditional disciplines is simultaneously 
pertinent; in many aspects, water law is highly developed, the hydraulics 
of flood routing is a perennial concern of the engineer, and economies has 
a role in specifying viable compromises among not 'wholly' complementary 
objectives, such as flood control, hydroelectric power generation (for 
example, the use of a valley for storing water to produce hydroelectric 
power usually reduces the effectiveness of the reservoir in containing flood 
waters), and recreation. 

3. Within traditional institutional frameworks, competent managers of 
water projects usually develop near-optimal operating plans. But such 
plans are not usually developed quickly in the face of rapid changes in 
system objectives, major physical changes in the system, or changes in the 
geographical or other coverage of the system. There is a growing demand 
for river-basin and regional planning, where many fragmented political 
units were formerly the ultimate arbiters of water resource use. More
over, traditional uses must be considered together with newly accepted 
purposes, such as recreation and water quality management, and inter
changes between the phases of the environment must increasingly be 
recognized. 2•4 

4. The large capital requirements and the high capital-to-labour ratio 
characteristic of water projects, especially in the face of budgetary con
straints, and the fact that such projects often have a major effect on the 

a A generalization to other phases of the concept of a "watershed". 
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economy of the region concerned, indicate the desirability of achieving 
even relatively small improvements as compared with traditional designs. 

5. Even with relatively inexperienced personnel, the overall project 
design achieved with the mathematical modelling and computing approach 
of systems analysis is likely to be better-in terms of the system ranking 
function~ than that achieved by experienced staff using conventional 
water-resources design techniques.9 This argument is of course reinforced 
by the shortage of conventionally trained planners. 

The simplest linear programming example 

Before a number of applications of the systems approach to managmg 
the physical environment are considered, a simple, " allegorical " example
to use Manne's phrase-will illustrate the relatively new mathematical 
technique of linear programming, as well as a few elementary but important 
concepts of systems analysis.15 

Of ali the techniques and model-building approaches of operations 
research and systems analysis the most widely known and used, almost 
without question, is linear programming. In the parlance of systems 
analysis, the problem is to determine non-negative values of the decision 
variables that maximize a linear function of th ose variables subject to linear 
constraints. A great variety of economie decision models have been put 
in this form. The prominence of linear programming in systems analysis 
is due to the fortuitous parallel development of mathematical theorems and 
practical algorithms that make use of them, as well as modern digital com
puters-all within the last two decades orso. 

A linear programming model may be characterized by activities and 
items. Activities are the elementary functions of the system, such as 
manufacture, waste treatment, etc. Associated with each activity is a unit 
of measure, such as tons per day for manufacturing output or pounds 
of BOD removed per day by waste-treatment processes; the appropriate 
quantity of each measure is called the levet of the particular activity. Items 
are regarded as the inputs or outputs of the system, such as chemicals, 
men, land, or goods that are used or produced in the activities. 

This oversimplified example has only two decision variables so as to 
shorten its description and facilitate graphical presentation. Computer 
programmes exist today that can solve linear-programming problems 
involving thousands of variables and hundreds of technological inter
relations and restrictions. The important point here is that such problems 
are identical in form to this example. 

Consider a system composed of a manufacturing activity and a treat
ment activity. The manufacturing plant can produce finished goods that 
sell for a unit priee of + 1 0.0. These goods cost -2.7 per unit to produce. 

4 
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Unfortunately, in the manufacturing process, 3.0 units of waste are generated 
for each unit of goods produced: the total waste produced is 3X1• In 
addition to deciding the leveZ of output, X1, at which to operate, the decision
maker must decide how much of the waste, X2, he should discharge un
treated into a nearby watercourse, and how much (3X1 - XJ he should 
pass through an existing waste-water treatment plant which diminishes the 
pollutant concentration by 85 %. Of course, it will cost something to treat 
the waste( -0.5 per unit of influent waste); and the treatment plant is 
limited in size and cannot accept more than 9 units of waste. This latter 
may be regarded as an item; the optimal solution must not require more 
than 9 units of this item. 

Two other matters must be considered in deciding how to operate this 
system: (1) there is an " effluent tax " imposed on the waste discharged to 
the watercourse ( -1.76 per unit of waste); and (2) in any case, the water 
pollution control authority has specified an upper limit to the total amount 
of waste any manufacturer may discharge (2.25 units of waste). Again, the 
waste discharge limit may be regarded as an item. The complete system is 
shown schematically in Fig. 2. It is the purpose of this problem to 
select X1, the level of manufacture, and X2, the level of waste discharged 
untreated, so as to maximize the net profits (gross profits minus the costs 
of manufacture, waste treatment and effluent taxes), while not exceeding the 
capacity of the existing waste treatment plant or the limitations imposed by 
the regulatory agency on the amount of waste discharged. 

This linear-programming problem may be stated mathematically as 
follows: find non-negative values of X1 and X2 that maximize f, where: 

f = gross profits minus manufacturing costs minus waste treatment costs 
minus effluent charges; 

that is, 

f = + lO.OX1 - 2.7 X1 - 0.5(3X1 -X2)- 1.76 [X2 +0.15 (3X1 -X2)); 

or 

f = 5X1 - X 2 ; 

subject to the following constraints: 

(1) flow of waste through treatment plant must not exceed plant capa
city: 

(2) total waste discharged, untreated plus residual treated, must be less 
than or equal to the level specified by regula tory agency: 
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FIG. 2 
MANUFACTURE AND WASTE TREATMENT SYSTEM 

MANUFACTURE 
(-2.7) 

X1, FINISHED OUTPUT 

(+10.0) 

WASTE, 3X1 

X2, UNTREATED EFFLUENT 

Rearranging this expression gives: 

(-1.76) 

WASTE 
TREATMENT 

(-0.5) 

0.45Xl + 0.85X2 L 2.25 

Q.15(3X1-X2), 
EFFLUENT 

(-1.76) 

(3) direction of waste flow must be towards the watercourse :" 

3X1 -X2 ::,.o 

This problem is shown graphically in Fig. 2. b 
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The essential difficulty in solving linear programming problems in 
general is that inequality constraints (such as those limiting the flow through 
the treatment plant and the amount of discharged waste) define a" feasible 
region " that allows an infinite number of solutions-not a unique solution, 
In Fig. 3, X1 and X2 may take on any values in the cross-hatched area. 
while satisfying ali the constraints. What reduces this indeterminacy to the 
typically unique " optimal solution " is the objective: to maximize a linear 
function of the variables. The purpose of this example is to maximize the 
net benefits; that is, gross benefits minus costs: f= 5X1 -X2• This is 
plotted in Fig. 3 as a heavy broken line for severa! values off As one 
proceeds to the right, the value of the objective function increases: the 

a This constraint arises from the fact that the difference between two non-negative variables can be 
negative; this would imply that waste can flow from the treatment plant to the manufacturing process. It 
is not binding in this example and will be ignored in the discussion of "dual variables" below. 

b ln matrix notation this problem can be stated more compactly: 
maximize f = eX 

subject to AX ~ b 
x~o. 

In this example 

A= [o.!5 -Il 0.85 • and c = [5, -1]. 
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FIG. 3 
LINEAR PROGRAMMING FORMULATION OF MANUFACTURING DECISION PROBLEM 
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highest possible value is " constrained " to lie in the feasible region. a In 
this case the maximum value off is 15.6. It cannot be greater because 
constraints 1 and 2 on plant capacity and discharged waste are " binding", 
that is, at the optimum, both constraints must be strict equalities. The 
decision associated with this optimal value off is X1 = 3.3 and X2 = 0.9. 

One of the great discoveries in the field of operations research is the 
existence of another linear programme-called the " dual " problem b

which uses the same input data in a rearranged form. The new decision 
variables, wl and w2, do not refer to the original physical quantities, but 
rather have an economie interpretation. They represent, at the optimum 
of this duallinear programme, the marginal value of increasing or decreasing 
the respective constraints of the primai problem. It is important to note 
that the values of these dual variables are invariably calculated by the 

a lt may also lie on the boundary; in fact the success of linear programming algorithms depends on the 
mathematically provable fact that the optimal solution, if it exists, al ways lies on the boundary of the feasible 
region (or the value of the objective function is unbounded). 

b The original problem is called the "primai" problem. 
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computer in solving the primai problem. Formally, the dual problem
using the same numbers as before-is as follows: Find non-negative values 
of wl and w2 that minimize: 

g = 9 wl + 2.25 W2 , 

subject to the following constraints: 

3.0 W1 + 0.45 W2 ::::,._ s 
- 1.0 wl + o.s5 W2 ::::,._ - 1 . 

(1) 

(2) 

This is shown in Fig. 4. a The dual objective function is plotted for severa 1 
values of g; it decreases as one proceeds to the left. The minimum value 
of g-just at the boundary of the feasible region-is 15.6. It is a mathe-
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DUAL LINEAR PROGRAMMING PROBLEM 
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a In matrix notation: 
minimize g = Wb 

subject to W A ::=, c 
w::=,o. 
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matical property of linear programming problems that the maximum value 
off equals the minimum value of g. The optimal values of W1 and W2, 

1.57 and 0.67 respectively, are the partial derivatives ofjwith respect to the 
requirements (b1 = 9; b2 = 2.25). Stated another way, W1 represents the 
amount by which the objective function, J, would change, at the optimum, 
if the capacity of the treatment plant were 10.0 instead of9.0. The decision
maker can, by this type of analysis, impute the value of increasing the size 
of his waste treatment facilities by one unit. If the cost of doing so were 
less thau W1, he might very weil choose to build an addition. Similarly, 
W2 represents the imputed marginal value of stricter pollution abatement 
measures-the value ofjwould decrease by 0.67 from 15.6 if the constraint 
on total waste discharged were changed from 2.25 to 1.25. 

This concept of duality, yielding the marginal value of relaxing a 
constraint or making it more restrictive, is emphasized here, especially 
because it may be useful in assessing the many apparently incommensurable 
values that arise in problems of managing the environment and are usually 
considered indirectly-by establishing constraints or standards. 

Applications of systems analysis in environmental engineering 

Taking system size as the cri teri on, Thomas et al. 35 have classified 
opportunities in the field of environmental control for the application of 
systems analysis and modern applied mathematics, as follows: 

1. Microsystems of environmental science (laboratory studies of 
fundamental phenomena). 

2. Engineering deviees (pilot plant studies of a unit process or a control 
unit). 

3. Engineering works (an entire treatment plant, reservoir or aqueduct). 

4. Project-size systems (a set of co-ordinated works-usually multi
purpose in character-such as those used in the development of water 
resources of a river basin or in the control of pollution in a sanitary district). 

5. Multi-project systems (a set of projects co-ordinated at a regional 
or national level of government). 

In large-scale water resources planning, most systems analysis studies9•22 

have tended to rely heavily on simulation models and analytical models. 
Both are formai, not physical models. They usually require fairly extensive 
use of modern digital, as opposed to analog computers. A common 
characteristic of these models is the requirement for quantitative, functional 
relationships between those variables that the planner can control and 
measures of performance, in terms of economie objectives. Most realistic 
problems are far beyond present theoretical and computational capabilities. 
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So, bearing in mind the available analytical (optimization) techniques
linear programming, for example-the analytical model maker attempts to 
cast his problem in a form in which it is solvable. If he is successful, he 
will be able to deduce the values of all the decision variables needed to 
optimize the criterion function of the surrogate system. 

As an example, consider a linear programming model for dividing the 
waters of the River Nile at Aswan between hydroelectric power generation 
and irrigation.29 The economie problem results from the non-complemen
tarity of these two uses (and others): the anticipated power demand pattern 
is relatively constant over the seasons, but irrigation water demand reaches 
a peak during the summer, i.e., during the months of lowest river flow. 
The decision variables are the seasonal releases from the reservoir to the 
turbines and/or the irrigation system. The objective (net benefit) function 
is a linear combination of the" firm "annual targets for power and irrigation 
water. The requirements that the total amount of water released from the 
reservoir over the year must equal the average annual inflow to the reservoir 
and that the seasonal releases to each use must at least meet the seasonal 
demand pattern for that use both give rise to linear constraints. The 
ordinary non-negativity conditions that the releases must satisfy simply 
indicate-as in the previous example-that the flows are toward the Medi
terranean Sea. Such simplified, not very realistic models give explicit 
values of the variables that maximize the objective function; these answers 
often identify interesting project designs, or regions of the " response 
surface ", about which more detailed studies-perhaps simulations-may 
be conducted.21 To summarize: the essential characteristic of analytical 
models is that " outputs of the system are expressed as explicit functions of 
certain decision variables and that the temporal relationships that the 
system must ohey are destroyed, or at least made implicit, in the process of 
deducing the model ".9 

In contrast, digital simulation models may permit far less drastic 
simplification and approximation, but do not yield any direct information 
about optimal solutions. Simulations are classified as time sequenced or 
event sequenced, depending on: (l) whether the time to reach each change of 
state is recorded; or (2) whether the state of the system is examined and 
recorded at pre-set time intervals.U Water resources simulations are almost 
invariably time sequenced, with changes in the state variables-levels of 
water in each reservoir, for example-and economie benefits calculated at 
small time intervals. a Each simulation run gives one point on the response 
surface: the designer has no explicit way of determining whether the parti
cular design that produced that point estimate is optimal or not. Another 
disadvantage is that ail the operating rules and temporal expansion policies, 

a For sorne purposes these may be monthly increments: for simulating ftoods they may have to be as 
short as 6 hours or Jess. Of course, if numerical round-off errors are ignored, the smaller the time segment 
the closer the real situation is simulated but the more arithmetic calculations there are. 
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for example, must also be pre-set and made available to the computer as 
inputs. While many simulations can be run on modern computing equip
ment quite expeditiously (in fact such equipment is a sine qua non for 
simulation models), even hundreds of runs may be pitifully few, as elemen
tary calculations demonstrate.9 Suppose there are only 8 decision variables, 
each taking on one of 4 discrete values. The number of possible designs is 48, 

and even if each simulation run takes only one minute on a modern computer 
more than a thousand hours of computing time would be required for 
complete coverage of ali the possibilities. lt is generally not too difficult, 
however, to obtain sufficient knowledge about small regions of the response 
surface. Much work is being done to rationalize the sequential and comple
mentary use of analytical models for identifying such regions for more 
intensive study. 

So far, the most extensive and influential application of the systems 
approach to large-scale water projects occurred during a study of water
logging and salinity in the Indus River basin-a broad, flat plain with more 
than 21 million acres under cultivation, by far the most extensive irrigation 
system in the world.17•38 Each year, more than 100 000 acres of fertile 
land were rendered useless for agriculture; and a nation of farmers was 
forced to import food. Both analytical and simulation models were used 
in selecting designs to deal with these problems. Analytical models, using 
linear and non-linear programming techniques, were used to determine 
optimal diets and cropping patterns, as weil as the proper mixing and alloca
tion of surface and brackish ground water. Simulation models were used 
to predict the leaching of salts from the root zone and their eventual accumu
lation in the ground water. Other simulation models of the hydra-agronomie 
system indicated responses to various irrigation and drainage schemes, 
taking into consideration canalleakage, ground-water flow, and differentiai 
rates of evapotranspiration, among many other aspects. These studies of 
problems of land and water development in West Pakistan provide an 
important example of potential use of the systems approach in the large
scale control of the environment. 

A comprehensive review of systems analysis for water supply and 
pollution control has been published.16 Among the topics discussed are 
water-distribution and sewerage systems design and maintenance, models 
for capacity-expansion of water and waste-water works, suburban waste
water management, and optimization of unit process design (diatomite and 
granular carbon filtration, electrodialysis, trickling filtration and activated 
sludge treatment). 

A Panel on Electrically Powered Vehicles25 recently advocated a systems 
approach to problems of vehicular air pollution control that would take into 
account the interactions of modifiable factors in the transportation-air
pollution chain of events. The following classification of factors was 
suggested: 
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1. Technology; for example, vehicle engine-fuel systems, roadway 
design, means of cleaning the atmosphere. 

2. Use preferences; for example, relative locations of homes and jobs, 
demand for less polluting modes of transport, driving and maintenance 
patterns. 

3. System management; for example, traffic flow and assignment, 
pricing, parking availability, public regulation. 

The types of models that the Panel considered were essentially similar to 
those suggested by Frenkiel14 that related ambient air quality to the geo
graphical and temporal emission and wind patterns. A number of situations 
have now been modelled, in a preliminary way, on the assumption of 
Gaussian dispersion or other ventilation characteristics. 2•18•32 Sorne work 
has been done on a predictive model of air pollution in the Los Angeles basin 
that would be sui table for multilevel governmental control. 37 Ambient air 
quality measurements would be teleprocessed " on-line ", i.e., direct! y 
transmitted to a computer, and the effects of possible control measures 
predicted immediately for the decision-makers by means of a hybrida 
computer. 

Digital simulation models of municipal refuse collection schemes that 
consider stochastic variations in system parameters have been developed. 28 

Such models may be useful in establishing relationships between performance 
parameters (overall collection efficiency, length of working day, etc.) and 
system characteristics (average daily quantity of refuse and its variability, 
truck capacity, etc.). A management-science approach to urban solid-waste 
disposai has been recommended, and preliminary attempts reported.2•27•41 

Klee and Garland20 have suggested that the selection of the optimal plans, 
over time, for expanding and operating incineration and landfill facilities 
may be facilitated by the use of the mathematical technique known as 
" decision trees ". 

Simple linear programn1ing models of similar situations developed by 
the author for initial land-holding policies have already yielded sorne 
unexpected results. Under sorne circumstances, the proportion of waste 
incinerated should actually decrease with time, and because the transporta
tion of incinerated residue is cheaper per unit than that of raw refuse, it 
should often be preferable not to send such residue to the nearest landfill
leaving additional volume for the unincinerated refuse. The dual variables 
associated with constraints on landfill capacity indicate (as in the example 
above) the marginal value of holding additionalland at each fill site. Such 
models are being developed in conjunction with large-scale transportation 
linear programmes that determine least-cost operating policies; that is, 

a A computer using analog computing units with provision for digital storage on sprocketed magnetic 
tape and digital input-output deviees. 
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they specify to which facilities wastes from each part of the urban region 
should be sent. 

There seems no reason why the systems approach could not be used to 
ad van tage in the analysis and design of noise pollution control programmes. 
Cohen7 has summarized many of the characteristics of such problems. 
Mathematical models are already being used to calculate " noise contours " 
around airports. As in analogous applications in other fields, systems 
models could indicate appropriate investment in site-location, barriers and 
other noise attenuation schemes, noise-reduction modifications, etc. 

Systems analysis has also been applied to .fire management pro
grammes.5.19·26 These initial applications have concerned forest fires and 
fires on uncultivated land rather than urban fire control problems, because 
greater homogeneity of fuel types exists in such situations and because there 
is less disagreement on quantifying objectives in cases where human lives 
are not involved. These studies show considerable promise of giving 
unexpected results if they can be a pp lied successfully to urban programmes 
for the prevention, detection, and suppression of fires. 

It would be unwise to end this section without suggesting that the inter
actions between these, and other, urban environmental service systems will 
undoubtedly constitute an important subject for further systems analysis. 
Little work has, however, been done on these problems as yet.3•4•34 

Systems analysis in environmental engineering curricula 

The Thomas Committee,35 reporting to the Second National Conference 
on Environmental and Sanitary Engineering Graduate Education, stated 
that the use of systems analysis in planning environmental systems 

. . . has broader implications for improved graduate education of environmental 
engineers than connoted by the concept of planning in the ordinary meaning of the term. 
Rather than viewing this topic as a new specialty to be added to the expanding list of 
useful areas of study, we regard environmental systems analysis as reinforcing and infusing 
older topics with new perspectives and offering attractive possibilities for more effective 
teaching and more efficient learning. • . . Failure to put the new mathematics and the 
computer utility in a central position in the educational process will mean a failure in full 
realization of technology for social and economie improvement. 

The benefits of the systems approach as a central part of the graduate education of 
environmental engineers more than compensate the cost of the additional investment in 
applied mathematics (and computer programming) .... In the process of construction 
of a large model of an environmental system, the computer program provides a helpful 
bridge of communication between different groups of specialists. Moreover, the model 
provides valuable guidance for research efforts, and permits the engineer, the chemist, 
the biologist, the economist and the political scientist to see how small but vitally impor
tant pieces of information and theory can be fitted together, and to see where there are 
critical gaps in existing knowledge .... For the student, perhaps the most significant part 
of the profit is his enhanced learning efficiency in the related sciences. 



USE OF SYSTEMS ANALYSIS 59 

For a Ph.D. major in this field, the Committee suggested a set of core 
mathematics courses a that would require in themselves about one academie 
year. In addition, interdisciplinary research seminars or "workshop" 
seminars on actual applications of systems analysis to environmental 
problems were judged an essential part of such graduate training. One or 
two additional courses in welfare economies should also be required for 
the doctoral degree. For minors in the field, the recommended require
ments are less demanding, but it is recommended that ali environmental 
and sanitary engineers-regardless of their field of interest-should be 
required to take at least a one-semester course in the mathematical techniques 
of systems analysis, at an elementary level, with applications to the different 
branches of environmental engineering. 

Sorne considerable difliculties with systems analysis programmes m 
graduate environmental engineering curricula have been found: 16 

1. Participation in interdisciplinary research requires study in sorne 
depth of the disciplines involved. Invariably this takes more time than 
conventional graduate programmes. 

2. Affording doctoral students a " systems experience " at sorne time 
during their gradua te careers is not an easy thing to arrange; it almost 
always calls for collaboration by the faculty with the different disciplines 
working on various aspects of the same over-all systems problem. It need 
scarcely be said that this is often diflicult to organize. 

3. Interdisciplinary and team research is often most fruitful in systems 
studies, but the traditional academie demand that a doctoral student must 
be practically completely responsible for the work that he does for his 
thesis is not fully compatible with this approach. 

4. Systems analysis in its concern with interrelations between parts of 
systems-sorne of which have never been studied conventionally-often 
requires large amounts of data that are expensive and/or time-consuming to 
secure. It may also happen that sophisticated techniques are not suitable 
for gathering them, but such data collection is generally no longer acceptable, 
per se, as graduate research. The fact that service agencies, private con
tractors and others can provide this service, which universities probably 
should not provide, brings out the need for sorne type of co-operative 
programme during the course of graduate study. 

a Theory of probability; optimization of deterministic systems; numerical analysis; stochastic processes; 
decision theory; and dynamics of systems. The Committee also noted thal "there is no clearly defined threshold 
of mathematical expertise that must be passed for entry to the field, [and) .•• it should be understood that 
the basic core courses listed,like ali mathematics courses, can he taught at different levels ofrigor and generality 
appropriate to the goals of the different schools". 
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Conclusions 

It is difficult to con vey the significance of systems analysis: even the 
initial applications in environmental engineering involve a great deal of 
detailed information, usually provided by a number of participating 
disciplines, and a considerable resort to fairly elaborate, computer-oriented 
mathematics. Most examples-such as those given here-seem contrived: 
in these circumstances they lead to the conclusion-as expressed by Bode 24-

" that many of the tenets of systems engineering seem pretty obvious and 
unlikely to contribute anything that would not have been discovered 
anyway". Nevertheless, while the formai analysis is only a small part of the 
job-and, with the insight given by the complete solution, could often be 
dispensed with-it is the conclusion of the advocates of systems analysis 
that it is only through the use of the formai models that such insight is 
obtained.36 

To date, systems studies are rarely relevant to the testing and validation 
of the decision models. This is so in spite of the traditional emphasis on 
" sensitivity analysis " and the " scientific method "-which, after ali, 
regards testing and validation as cardinal principles. Among the reasons 
given for this are the scale of the projects involved, as weil as the time 
required to implement them, and their general irreversibility; this gives 
rise to circumstances qui te unlike th ose of the laboratory hench. There is 
virtually nothing comparable to the theory of similarity, as in fluid mechanics, 
for example. The only form of indirect testing carried out bas involved 
the use of numerous simulation runs, and direct testing is essentially limited 
to the point estimates of model correctness that can be derived from retro
spective studies of existing projects. 

Unfortunately, many systems studies tend to be "one-shot" affairs, 
rather than continuing " action " research. Another difficulty arises in the 
need for competent management of the studies themselves; they usually 
involve quite a few people, from different disciplines, and not inconsiderable 
amounts of professional time, public co-operation, expensive data collection 
programmes, etc. 

In engineering studies of environmental systems, too little attention bas 
been given to interactions between technology (engineering) and the social 
sciences (except economies). Most studies selectively avoid persistent 
difficulties of transition and conversion to the new design practices (such as 
personnel shortages, costs, information transfer, etc.). 

Finally, we echo Bode again 24 in calling for " professionals, qualified 
through subject matter knowledge as weil as systems understanding ", for 
the inevitable pattern for effective attack using the systems approach is that 
" at first the visiting systems engineer with no substantive knowledge of the 
field may be able to make a contribution. As the field develops to the 
point where sustained intellectual hard work is required, however, the men 
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who have developed a sort of professionalism because they work in the area 
-continuously will be increasingly the men who count". 

As a final verdict, we would say that applications of systems analysis 
to problems of environmental services and quality control have only 
reached the stage of demonstrating the gross feasibility of the systems 
approach. Much of its promise for environmental systems planning 
remains to be fulfilled, but the initial steps have not diminished estimates of 
its potential. While rational decision-making for such systems has long 
been the goal of the engineering profession, few methodologies have ever 
.offered, on introduction, the possibility of changing radically those fields 
to which they are applied. And yet-taken together with the information 
revolution resulting from the use of modern digital computers-that is 
indeed the role we anticipate for systems analysis in environmental engineer
ing. 
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THE ROLE OF COMPUTERS 
lN ENVIRONMENTAL ENGINEERING 

Joseph J. HARRINGTON, Ph.D.* 

In the last few years, access to modern computing facilities has increas
ingly come to be regarded by professors as an essential adjunct to environ
mental engineering programmes and by students as a natural prerogative. 
In the engineering profession at large-in consulting engineering and 
government offices-use of such facilities is growing inexorably, if at a 
somewhat slower pace. Graduate curricula in environmental engineering 
that have not yet incorporated this new technology are regarded as unsatis
factory, and there are already signs that this will soon apply to undergraduate 
engineering curricula as weil. Y et in the midst of nearly universal recog
nition of the importance of modern computing, many impediments to its 
wise use remain, and many justifiable reservations have been made. Sorne 
of the problems are technological: the components of the newer computers 
are being redesigned by the manufacturers almost on a day-to-day basis; 
the systems programmes for operating these computers are often imperfect 
or incomplete. Other difficulties are in the managerial sector, and concern 
severe shortages of trained personnel, complex finances and poorly under
-stood economies. Moreover, as is usual with the initial applications of any 
new technology, little attempt has been made to undertake a formai eva
luation of the merits of computing in environmental engineering pro
grammes. Ali these difficulties are further increased by the very rapid 
changes that are occurring in the computer field. 

In fact, it may be said that the second computer revolution is at hand : 
the computer service of the future will be accessible from a distance often 
on a " time-shared " basis. The essential features of this type of computer 
service are powerful central computers linked in a communications net
work to a large number of remote consoles, or much smaller computers, 
that allow practically simultaneous interaction between many users and the 
main computer. The implications for the environmental health applications 
of computing seem very important. It is the purpose of this Chapter to 
describe sorne present and likely developments in computer and allied 
technologies that merit consideration in formulating education and training 

* Associate Professor of Environmental Health Engineering, Harvard University, Cambridge, Mass., 
USA. 
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programmes for environmental health engineering. It is as well to begin 
with a caveat: computing is expensive and, because of economies of scale, 
it will rarely be reasonable to provide facilities solely for environmental 
engineering programmes. Circumstances vary considerably, however, and 
no attempt is made to give a comprehensive set of recommendations here. 

For the most part, this Chapter is concerned with electronic, high-speed, 
digital computers. Advances in the application of electronic analogue 
computer technology in environmental engineering-or, for that matter, 
" hybrid " combinations of both analogue and digital-will not be empha
sized. Most digital computers are largely general-purpose computing 
deviees; most of the work discussed here involved their use. 

Modes of digital computing 

Modern digital-computing facilities offer three principal modes of 
computing: batch processing, conversational and " real time-on line ". 

By far the most common at present is batch processing. Typically, the 
user brings a deck of punched cards containing the " programme " and data 
from his office to the computing centre. The principal characteristic of 
this mode is that, after submission, the user has no further contact or control 
over the procedure-except for certain standard instructions provided for 
the operator with the deck. These may include the type of paper to be 
used for output, the maximum time the programme should be permitted to 
run and similar instructions. In most large computing centres this pro
gramme deck is transcribed by a small computer, together with those of 
other users, on to magnetic tape: these constitute the " batch " that will be 
processed sequentially (one at a time, to completion, one after the other) 
on the central processing unit (CPU). The output is treated in reverse 
order: it is printed or punched by a peripheral computer and returned to 
the user. The time taken from submitting the programme deck to receiving 
the printed results is referred to as the " turn-around time". This might 
vary from 4 hours to a day or more. It should be noted that there is a 
good deal of uncertainty involved in determining when the programme out
put is actually ready, so that the effective turn-around time is usually greater 
than this. Of course, if the mails or other delivery services are used, even 
longer times will result. 

Batch processing is especially suitable for handling large amounts of 
data (either input or output) or for problems where extensive calculations 
are required or computing storage requirements are high. It is much more 
convenient for " production " runs, when the user is certain that the pro
gramme works correctly, and much less useful in the "debugging" phase, 
for almost all programming errors are discovered serially. That is, single 
errors-or at best, classes of errors, even typographical-are diagnosed in 
the course of repeated submissions of the revised programme deck to the 
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end of the input queue. Even though the central processing unit is used 
only for fractions of a minute at a time, the interruptions resulting from 
the need to return to the computing centre and search for and correct such 
errors may make the total elapsed time for producing a moderately compli
cated programme amount to many days. As Kemeny and Kurtz 20 have 
pointed out, this mode of computing " is designed to maximize the use of 
the computer for a large number of significant problems . . . Since com
puters are much faster than human beings, it is inefficient to let a single 
human being use the machine ali on his own. lt takes too long for him to 
tell the computer what he wants, and it takes too long for him to understand 
the answer". But the ba teh processing mode, as now available, may be 
remarkably inefficient and inconvenient for the user when compared to the 
next class of service, " time-shared " computing. A recent ad vance in batch 
processing services is the use of remote batching stations. These may be 
geographically more convenient for users, and the input and output trans
actions with the more remotely located central computer are conducted 
through high-speed data links, such as telephone lines, coaxial cables, or 
microwave circuits. The effective turn-around time may approach the 
minimum possible for the particular facility in this mode, since the trans
portation of programme and results is more efficiently accomplished. 

Both of the above variants are classed as " closed shop " operations, 
because the user is not permitted to have any " on line ", or direct, control 
over the procedure. In the past the " open shop " operation was much 
more common than at present. Especially during slack periods, users 
knowledgeable in the machine operating procedures would actually run 
their own programmes, " on line " as it were. Such operation is now out
moded because of its inherent inefficiencies in scheduling increased use. 

To summarize: the two most outstanding features of batch processing 
are that each programme is individually performed in sequence on the central 
computer, and the user does not interact direct/y with this computer. 

The conversational mode of computer operations is so called principally 
because the user can interact-or converse-directly with the computer and 
modify his programme or data in a matter of seconds. At present this is 
usually accomplished by means of a typewriter-console, remote from the 
central processing unit. Other input-output deviees are under develop
ment, such as photoelectric " light pens " in conjunction with cathode ray 
tubes. Possible applications will be discussed below. 

This mode of computing will be especially convenient in teaching stu
dents how to code programmes, and in debugging and testing programmes: 
errors may be discovered and corrected almost immediately. Other uses 
relate to computer-assisted instruction (CAl) and the development and 
testing of mathematical models. 

The commonest way to use a conversational computer will be on a 
time-shared basis. Essentially, this enables many users to have access to 
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the central computer at the same time; it also permits a considerable degree 
of sharing of the costs of central computation. The user can dial the com
puter through telephone circuits and enter his programme and data by means 
of a teletypewriter. Error messages are returned usually in seconds, and 
corrections can be immediately typed in return. To the user, it would 
appear that the computer is " dedicated " entirely to him. From the stand
point of the computer, many users (say, 30) are serviced more or Jess simul
taneously. Bach teletypewriter console that is at any given time connected 
by telephone link to the computer may be asked for new instructions, modi
fications or data. At the same time, the calculating functions of the com
puter are under the control of different users for very brief periods. This 
may involve the swapping of users' programmes into and out of the imme
diate, high-speed memory of the computer. This mode of service takes 
advantage of the fact that most programmes do not use ali the storage 
(memory) available to the system or do not use the adding and comparing 
registers while performing the slower tasks of input and output. In spite 
of the additional complications of swapping programmes and control back 
and forth, it turns out that the central processing unit is often more effec
tively used in this mode than in the batch-queue mode. Naturally, sorne 
compromises are necessary. This on-line type of service is particularly 
appropriate for short jobs, and it has been found convenient to allot enough 
time, at the beginning, to complete many programmes in one cycle of 
operations." Variations in the demand pattern over the day and week still 
create considerable periods of slack in CPU use. During such periods 
batched, longer jobs may be fitted in. Sorne of the inefficiencies of com
pletely random access will be reduced by sorne forms of scheduling access 
to the system. 

Time sharing is among the most recent major developments in computer 
services, but is gaining acceptance very rapidly. For example,at Dartmouth 
College, Hanover, New Hampshire, a predominantly liberal arts college, 
more than 80% of the freshmen classes have used the time-shared comput
ing service. 20 There are still many technical difficulties in the operation of 
such systems; and it is relatively easy to overload them, giving rise to 
measurable "response" times (fractions of minutes, for example). A 
measure of the acceptance of time sharing is the number of complaints 
when the " turn-around " time increases to half a minute-complaints 
from programmers who tolerated the comparatively astronomical " turn
around" times ofbatch processing. To summarize: the principal emphasis 
in time-shared, conversational computing is on direct man-machine interac
tion in the course of the work. 

There are few examples of the third mode of computing, " real-time, 
on-line ". 9 The essential ideas are that the computer is direct/y linked to the 

" Most debugging operations, ending in failure or error message, in fact take up only very little CPU 
time. 
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experiment (physical, biological, etc.) or process, and that it is able to 
operate on the input data fast enough for the experiment or process to 
proceed in real time at its normal pace. One example is the system designed 
to monitor and eventually to control experiments on the Cambridge 
(Massachusetts) Electron Accelerator. Other process control examples in 
the military and aerospace fields 34 and in the chemical industry 42 can be 
cited. The increasing practicability of analog-to-digital converters also 
enhances the potential usefulness of this mode of computing. 

Computing in the field of environmental health engineering 

Modern digital computers have become widely available in the USA only 
since the late 1950's or so.a The so-called third generation of computers 
is just now becoming operational, and much development of " hardware " 
and " software " b remains to be accomplished. While many consulting 
engineering firms regularly use computers in the analysis and design of 
environmental engineering works, to date the applications have been mostly 
limited to the automation of traditional " desk " calculation. Somewhat 
more advanced uses have been developed within the universities, and as 
students become acquainted with these techniques and work for engineering 
firms, new computer-oriented design practices will evolve. Another source 
of change, at least in the USA, will be the trend toward computer-aided 
systems studies of urban environmental problems by large defence-aerospace 
contractors. 

One of the most important aspects of computer use in every field now 
is the change in student-computer interactions as compared with those of a 
decade ago. The ease and speed with which students learn to operate the 
newest computers today is astonishing when compared to the difficulties 
involved in using detailed machine-languages, as was formerly necessary. 
One of the main improvements is the availability of programming languages 
that resemble algebraic statements. This development has gone so far that, 
at Dartmouth, for example, the initial lecture material has been reduced to 
two hours.20 There are undoubtedly other reasons for this: students are 
generally better grounded in mathematics and science, and a small but 
growing number of students entering environmental engineering courses 
have already had access to digital computers. 

Applications of computer technology in the broad field of environ
mental health may be classified according to the categories given below. 
There is overlapping between sorne of them, in the sense either that the 

a The American Federation of Information Processing Societies (AFIPS) estimated that in 1955, 1960, 
and 1965 the total numbers of installed digital computers were 1000, 6000 and 30 000 respectively. By 1970, 
60 000 were anticipated. This is, of course, somewhat misleading because the speed and storage capacity 
of computers have increased even more rapidly. 

b "Hardware" refers to the actual computer and peripheral equipment; "software" refers to systems 
,programmes and relatd materials that must be developed and coded in order to operate the computer. 
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same functions of the computer are used or that actual applications involve 
more than one of these categories. 

1. Data processing. Even toda y much computing machinery is referred 
to as EDP (electronic data processing) equipment. In essentials, large 
amounts of data on punched cards or magnetic tape are subjected to simple, 
usually repetitive, manipulations or rearrangements. Examples include 
accounting uses, as in water-utility-management billing procedures; routine 
statistical calculations (of means and variances, for example) in hydrology 
and biostatistics; and sorting procedures in epidemiology. 

2. Information retrieval. Clearly related to the data processing, this 
includes such projects as STORET, a system now in use by the United 
States Federal Water Pollution Control Administration for the storage and 
retrieval of data for water quality control.13 This heading a would also 
include the MEDLARS (Medical Literature Analysis and Retrieval System) 
of the National Library of Medicine;29 the TIP (Technical Information 
Program) developed at the Massachusetts Institute of Technology,21 which 
scans and searches physics journals when queried by remote teletypewriter 
consoles in language not very different from that in normal use; 6 VINITI 
(Vsesojuznyj Institut naucnoj i tehniéeskoj informacii), the centralized 
abstracting service of the USSR; and such techniques as KWIC (Key 
Word In Context) used by Chemical Abstracts and other bibliographical 
services. 

3. Arithmetical calculation. The advent of the modern computer has 
changed several aspects of arithmetical calculation in environmental engi
neering. It is not, however, simply an additional tool for performing a 
grea ter number of traditional calculations-although it certainly makes this 
easier and the first applications were almost invariably of this character. 
ln many cases the approach may be qui te different. Sorne examples are: 
(a) regeneration is now frequently more acceptable than the classical pro
cedures of interpolation-tables of logarithms are not now stored in com
puters; each value is recalculated from a series expansion whenever the 
programme calls for a log function; (b) in hydraulic network analysis, the 
still commonly taught Hardy-Cross procedure should be replaced by a 
simultaneous sweep approach (usiog a Newton-Raphson algorithm) for 
solving the set of non-linear algebraic equations;18 •30•36 (c) similarly, other 
relaxation methods are appropriate for hand or desk calculation, such as 
those proposed by Southwell,37 and could be replaced by simultaneous 
techniques; (d) approximate analytical solutions of problems involving 

a It seems true, however, that numerical files will be more important to the environmental engineer than 
document ar y files (as opposed to the needs of physicians, for example). 

b Plans are under way for extending this service to disciplines other than physics. A much more 
extensive project under development, also at MIT, is Project INTREX (Information Transfer Experiments), 
which has two broad objectives: finding long-term solutions to the operational problems of ail categories 
of libraries and developing competence in the field of information-transfer engineering. 
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differentiai equations can often be replaced by numerical techniques for 
solving difference equations.27 lt is also possible routinely to solve elaborate 
systems for which explicit analytical solutions are impossible (in large 
systems of linear algebraic equations or multiple regression analysis, for 
example). Still other applications arise in systems analysis, particularly in 
solving optimization models, which would be impossible without computers. 
These fall under the general heading of mathematical programming, " sub
divided into linear, non-linear, dynamic, etc. Mathematical decision models 
developed and programmed for computer solution have already proved 
useful in selecting optimal water-resource systems designs.17.24 The impor
tance of such models in the broader field of environmental health and that 
of water supply and pollution control has been pointed out.14•15 Related 
scheduling models, such as CPM (Critical Path Method) and PERT (Pro
gramme Evaluation and Review Technique), are already used in the con
struction of large-scale projects; and may even prove useful in the imple
mentation and administration of health programmes. 2 

4. Simulation. As opposed to the formai models of mathematical 
programming, which often contain crude approximations so as to make a 
solution possible, simulation models may involve less drastic approxima
tions. Of themselves, however, they yield no information about optimal 
solutions, but serve " as handmaiden to hypothesis testitig and provide the 
raw experimental events necessary for data collection, performance measure
ment and ultimate analysis ".34 In essentials, simulation is bookkeeping, b 

accounting for changes in the state variables and system objectives over 
small time segments. Its use in hydraulic engineering is not new; many 
classical flood-routing procedures are essentially simulations. What is 
different is the scale on which systems simulations in air and water resources 
are now attempted, and the attention that can now be paid to the stochastic 
nature of most real systems. 1 •7•17.24 In environmental engineering, 
examples are now common in the design and analysis of transportation 
systems (particularly highway and arterial-street networks), hospital design 
studies that allow for queueing phenomena (in clinics, for example), and, 
as already mentioned, water resource systems design. The principal draw
backs to any conventional simulation model are that ali the decision 
variables (and parameters, such as demands) must be fixed before the 
simulation run, and that the answer (the temporal or spatial trace of system 
performance) gives no indication asto how the design could be improved 
and provides only one value of the " objective " function (see the Chapter 
on systems analysis, p. 43). A considerable amount of information about 

4 lt is necessary to be especially careful to distinguish mathematical programming (which deals with 
finding the optimal, or extreme, value of fonctions subject to constraints) from computer programming 
(which refers to the coding of algorithms or other procedures in a computer language such as FORTRAN or 
ALGOL). 

b In another sense, simulation is data processing; or it is information retrieval, since, from the pro
grammer's viewpoint, the real art of simulation is efficiently keepins track of and updatins the numerous files. 
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the response surface may, however, be obtained by repeated simulations 
with different design and operating policies. 

One development in the use of simulation models is worthy of separate 
mention: " gaming " simulation. The principal difference is that, while 
time is compressed as usual, individuals or teams, representing planners 
and other decision makers, can interact with the computer by modifying 
their plans in the light of information produced by the simulation up to a 
given point. Already fairly common as " business or management games " 
or " war games ", one example close to environmental engineering is the 
Cornell Land Use Game for urban planning.1o.26 This type of simulation 
is likely to be much more widely applicable when time-shared simulation 
runs become common and when graphical display and data input techniques 
are improved (see below). The advantages anticipated include a better 
understanding of the behaviour patterns of decision makers and the other 
" players", leading to descriptive decision models that portray the actual 
situation more accurately and precisely. 

5. Automatic control. Acceptance of direct control of processes by 
digital computers is now common in the chemical industry.36 Extensive 
annual reviews of the literature are available.41 •42 In environmental engi
neering, automatic control will be applied to the operation of water puri
fication and waste-water treatment plants, as weil as that of pipeline 
transmission systems and water-distribution and sewage-collection systems 
within urban areas. In a larger sense, the engineering use of accounting 
data or data derived from monitoring and surveillance programmes consti
tutes a control application. 

6. Computer-assisted instruction. Certain training functions in en
vironmental health have been successfully presented in a " programmed 
instruction" format.16•22•23.4° 1t is now possible to translate, almost 
directly, from a book-format of programmed instruction to a computer
assisted format. It is likely that this will prove especially useful in fields 
where sorne calculation is required (such as many biostatistics, epidemiology 
and engineering design problems). Already short, computer-assisted 
instruction programmes are available for ensuring a uniform level of 
competence for biostatistics in an incoming class (PRESTAT written by 
Tarter at the University of Michigan). In conjunction with various graph
ical display and input techniques (see below), the teaching of statistics, 
differentiai equations and other topics may weil be revolutionized.33 To 
suggest the ease with which parameter variations in systems of differentiai 
equations may be explored by students without a detailed knowledge of 
machine programming or the numerical analysis of algorithms for solving 
difference equations, the so-called Bailey epidemie 3 is simulated on a time
shared digital computer. 
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7. Image processing. Under this category may be placed such applica
tions as the production of maps (as in the SYMAP language being developed 
at the Harvard Laboratory for Computer Graphies) and drawing (as by 
SKETCH-PAD, written by Sutherland 38 •39 at MIT, which makes possible 
the input of digital information by means of a " light pen " sketched over 
a cathode-ray-tube screen). Scanning uses, as in chromosome analysis, 
automatic field counting of bacterial colonies and the like should also be 
mentioned. The techniques for computer production of graphs and related 
displays in both " hardcopy " and ephemeral forms are weil advanced and 
will be of use in those circumstances where the work and time involved in 
manual plotting of data hinders investigations. a The use of computers for 
drawing the structural and dimensional details of units for waste-treatment 
plants has been suggested. 8 

8. Other applications. There are sorne applications in environmental 
health engineering for which analog computation is useful. For example, 
the McElroy Fluids Analyzer has been used in pipe network analysis.28 It 
is more likely that developments in the conversion of analog signais to 
digital will become especially important in process control and monitoring 
applications of digital computing. One other min or use that received much 
attention a few years ago but is not likely to be important for environmental 
engineers is machine-aided translation.4 • 32 

Comments and recommendations 

The demand for application of computers in environmental health, as 
in many other areas, has been enhanced by a number of related develop
ments. Among these are: the availability of automatic recording equip
ment; improvements in recording digital data on magnetic tape; advances 
in telemetry and data transmission; and, by no means least, a greatly 
increased public demand for better control over man's environment, leading 
to such large systems problems that modern computers are essential. 

Computing will be a very expensive aspect of engineering education. 
A panel of the President's Science Advisory Committee 31 estimated that 
for US colleges and universities, exclusive of gradua te research, 4% of the 
present annual cost of education would be a reasonable goal (the cost per 
student would be in the range $36 to $200). A further difficulty for any 
individual discipline such as environmental health is that small computers 
are not especially suitable, and larger centres cost far too much to support 
alone. In the educational field, the Comrnittee on Instructional Use of 
Computers at Harvard University (unpublished report, 1967) has noted that 

" One obvions example is the plotting of different dimensionless products, or the exploration of different 
transformations in connexion with straight-line fitting of different frequency distributions in statistical 
analyses. 
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the tendency toward decentralization may be even stronger than in research 
programmes because less sophisticated computers of lower capacity may 
be required for the initial stages, and smaller supporting funds will be 
required. They conclude that the decentralizing tendency must be resisted 
by providing strong incentives to the individual units to use the central 
facilities, with development of such facilities underwritten by the university 
as a whole rather thau by funding through departments. 

The administrative and institutional difficulties inevitably raised by such 
recommendations are considerable, and it appears that the degree of centrali
zation appropriate for a particular situation will vary considerably. To 
date, few analytical or quantitative studies 11• 25 of the costs and effectiveness 
of different computer systems are available. A sensible course of action will 
probably involve different degrees of centralization and communication 
for equipment and personnel. Erickson 11 also notes that little is known 
about the trade-offs among CPU time, tum-around time and programmer's 
time. 

Substantial changes in engineering curricula will be needed.12• 19 A 
crucial problem is that of faculty training programmes. Conferences on this 
subject have been sponsored by the Commission on Engineering Education 
in the United States. The role of modem computers in engineering 
education has been extensively studied at the University of Michigan for 
the past 10 years, and the report of a summer course on their use in engi
neering design courses is a useful introduction to recent work.19 

In the USA, the Special Interest Committee on Civil Engineering, 
Architecture, City, Regional, and Transportation Planning, and Urban 
Data Systems (SICCAPUS) of the Association for Computing Machinery 
is publishing a useful bulletin containing timely articles and work in this 
field. The results of the work carried out in the United Kingdom by the 
Aldermaston Project for the Application of Computers to Engineering 
(APACE) are also awaited with interest. 

lt will be sufficient for many engineers, if not most, to use only a simple 
instructional programming language. These may be contrasted with more 
detailed languages such as FORTRAN and with generalized problem
oriented languages, such as ICES (lntegrated Civil Engineering System) 
developed at MIT. 

Depending on the aims of the particular education programme, the 
recommendations of the Committee on Undergraduate Program in 
Mathematics 5• 6 should be considered. An Introduction to Computer 
Service (3 semester hours) is now recommended for all engineers and a 
course on optimization (3 semester hours) for most of those who intend to 
go on to graduate work. 

Because of the high cost of computing and other technological aids to 
leaming, the rapidity with which these technologies are developing, and the 
generallack of experience in these matters on the part of education planners 
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(and even architects", it would seem well worth while to set up a standing 
committee or other body to accumulate and disseminate information and 
to provide technical advice. The resources expended on computing facil
ities for health applications in developed and developing countries will be 
great indeed: guidance in investment is therefore needed. 

With regard to the use of computers in developing countries, much 
remains to be studied before reasonable recommendations can be made. 
One point needs to be made here. In developing countries, computing 
centres tend to be rather small and to have old equipment, and personnel 
trained in computer programming and operation at such centres often 
remain only a short time. Consequently, maintaining the required level 
of trained personnel may entail a greater effort than in larger, more modern 
centres. b One way of dealing with these problems would be to develop a 
number of very large computing centres that will service very remote 
locations, possibly by means of synchronous satellites, • on a time-shared 
or multi-access basis. It would be necessary to pay even more attention 
to the training and rotation of (possibly) career personnel than to equip
ment. Of course, environmental health engineering would be only one 
section in such a system; nevertheless, it is not too early to begin the 
technological and economie feasibility studies that would permit a rational 
response to the expected demand for computing facilities in the health field. 

In conclusion, the computer bas rather suddenly become the almost 
universal tool of scientific inquiry. There bas hardly been any comparable 
revolution in the whole history of science. The potential for initial and 
continuing professional education, especially in the engineering disciplines, 
looms large indeed. Concomitant developments, such as the rapid ad vance 
of systems analysis-which will have a significant effect on the relationships 
between environmental engineering and the social sciences in particular
depend above all on this revolution in information processing. 
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TRENDS IN ENVIRONMENTAL HEALTH 
ENGINEERING EDUCATION 

John A. LOGAN, D.Sc.* 

A new kind of engineer is needed to meet the complex environmental 
problems of the future. The civil and sanitary engineers who pioneered 
such innovations as water-borne sewerage, municipal water treatment and 
distribution, sewage treatment, vector control, and air pollution abatement, 
must gradually give way to the environmental health engineer, prepared to 
treat these problems in a new and different context. 

The civil engineer has been traditionally " public-works "-oriented; the 
sanitary and public health engineer has been essentially disease-oriented. 
The environmental health engineer, on the other hand, must deal with the 
environment as a system, controlling, modifying, or adapting it in the 
interest of the well-being of mankind. 

There must therefore be a broader and more comprehensive approach 
to the professional responsibility of the scientists and engineers involved in 
environmental control. The history of engineering development throughout 
the world has been characterized by the training of engineers capable of 
resolving the immediate problems but not capable of foreseeing the long
range consequences of their actions. This is a natural development, and 
has perhaps been necessary and logical, if the economie and social conditions 
existing in the past are taken into consideration. Because of limited 
resources, growing populations and rising standards of health, comfort, and 
efliciency, the civil and sanitary engineering approach to environmental 
control is no longer suflicient, and the new and more broadly-educated 
environmental health engineer is essential to deal with the problems of the 
future. 

A new concept, environmental design, is developing, which recognizes 
the interrelationships between the work of engineers, architects, landscape 
architects, and planners who have the ultimate responsibility for the form, 
shape, and character of our urban environment. While the part played by 
the public administrator, the politician, the sociologist, the economist, and 
business interests must be recognized, physical plans are essential; if we are 
not to continue making the mistakes of the past, these plans must take into 
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account the concepts of the maximum utilization of resources and the 
well-being of mankind. 

In considering environmental health engineering from the resources 
point of view, increasing use must be made of systems analysis (see the 
Chapter on the use of systems analysis in engineering education, p. 43). 
This, in turn, involves new methods of assessing, controlling and designing 
systems, whereby a system must be considered as a whole in order to 
determine the proper function of its components. The alternative is the 
unit approach, in which individual components are designed and then 
integrated into the system; this often results in a poor balance between the 
components, no matter how good the design of each individual component 
may have been. 

Systems analysis requires the assignment of numerical values to certain 
factors involved in environmental health engineering, such as recreation, 
aesthetics, and cleanliness; this is difficult, but attempts are being made to 
assign benefit and cost values to such factors. The systems approach 
should make decision-making and the evaluation of alternatives a more 
rational procedure for both the engineer and the administrator. 

In the resources or systems analysis approach to environmental control, 
the humanities and social sciences play an increasingly important role (see 
the Chapter on the humanities and the social sciences, p. 37). If the 
well-being of mankind is to be a factor in the adoption of criteria, engineers 
must have a much better understanding of human wants, goals, and aspira
tions than they bad in the past. In other words, the control, modification, 
and adaptation of the environment should be planned for the over-all 
benefit of the community; ali the community's needs and interests, both 
immediate and long-range, must be taken into consideration in determining 
final plans. Economie, political, and administrative problems are obviously 
involved in work of this nature, and the engineer must be prepared to under
stand such problems and be able to work with the other professions in 
reaching practical, workable solutions to them. 

In planning educational programmes to produce the new environmental 
health engineer, capable of understanding and dealing with the complexities 
of environmental control, there must be adequate recognition of recent 
trends in education. According to Dr T. O. Yntema of the Ford Motor 
Company, a part of any educational process should be to develop the 
ability: (1) to perceive problems and solve them; (2) to understand people, 
to communicate with them, and to deal with them as individuals and in 
groups; (3) to organize; (4) to concentrate; and (5) to memorize. 

Sorne of the recent developments in engineering education are as 
follows: a 

a The points thal follow are based on a list prepared by the WHO Expert Committee on the Education 
and Training of Engineers in Environmental Health (Wld Hlth Org. techn. Rep. Ser., 1967, No. 376). 
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(1) The continued trend towards a more scientific basis for engineering 
éducation has resulted in less practical material being offered in basic 
engineering programmes; basic engineering at fust-degree level is tending 
to become more pre-professional than professional in character. 

(2) The increasing amount of science and mathematics in basic engineer
ing programmes has been accompanied by a rapid growth in advanced 
engineering education. 

(3) In view of the rapid advance of knowledge and of the growth in 
complexity of technological problems, engineering has become more 
demanding in terms of technical competence. 

( 4) The engineer of the future will be called upon to play an increasing 
role in the solution of complex social problems. As a consequence, there 
has been increasing awareness of the professional responsibility that 
engineers must assume. While the humanities and social sciences are 
recognized as essential in providing this professional understanding, work 
in these fields can no longer comprise a random assortment of subjects but 
must consist of a carefully planned series of courses designed to provide a 
background for understanding and working with people. 

(5) There has been increasing recognition of the value of an analytically
based education, not only for engineers but in such varied fields as econo
mies, the social sciences and business administration. Increasing numbers 
of the world's industrialleaders find it advisable to have an education based 
on engineering or science. One of the results of these trends has been an 
increased emphasis on decision-making as an integral part of engineering 
education. 

(6) Industrial-internship programmes, which provide opportunities for 
student engineers to obtain practical experience as an integral part of their 
education, have been growing in importance. 

(7) Independent study at ali educational levels, and continuing educa
tion for graduates, have been growing in importance as ways of insuring 
against obsolescence. Independent study enables the young engineer to 
keep abreast of new knowledge by reading the literature, without having to 
depend on formai academie assistance; continuing education usually 
consists of special courses (often in new fields) that are sponsored by 
universities, governments, and/or engineering societies. 

(8) Because of the availability of high-speed computers, methods of 
instruction are being modified so as to formulate problems in a manner 
suitable for computer programming. 

(9) The growth of" new mathematics", " new physics", " new biology", 
and " new chemistry " represents an attempt to teach the fundamentals of 
these subjects as early as possible in the educational process. 

6 
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(10) The development of miniature laboratory equipment to replace 
cumbersome conventional equipment has resulted in considerable savings in 
cost and space. 

(11) The development of new teaching methods, such as programmed 
instruction, represents a rational approach to individual study and makes 
teaching material available that can be adapted for use anywhere in the 
world. 

(12) Even the largest libraries are finding it increasingly difficult to 
cope with the flood of new material that is being published. This is leading 
to the concept of regional, national and international information networks 
utilizing electronic means of information storage and retrieval. 

(13) There will be an unprecedented demand for engineers in the 
years ahead, and educational facilities must be greatly expanded to meet 
this demand. 

In addition to education in the humanities and social sciences, ali 
engineers should have a fundamental background in mathematics, including 
statistics and computer technology; physics, including modern physics; 
chemistry; the engineering sciences, which include fluid mechanics; solid 
mechanics; materials; thermodynamics; and electrical science. 

Ali environmental health engineers should, in addition, study systems 
analysis; epidemiology; biology, including physiology; biochemistry; and 
management, including policy, law, administration, and finance. 

Not ali educational institutions will be in a position to prepare engineer
ing specialists in ali fields of environmental health. The following courses 
are grouped according to specialty: it is understood that in the organization 
of any specifie curriculum it may be desirable to select from severa! of the 
specialties, depending upon local needs and resources. 

Water resources 

Water resource management; environmental design; water analysis 
(physical, chemical and biological); water and waste-water treatment 
processes for multiple use; the design of water-supply and waste-water 
facilities; and hydrology (surface water and ground water). 

Public health 

Vector control, industrial hygiene and occupational health; air hygiene, 
radiological hygiene; parasitology; food sanitation, rural sanitation; and 
public health administration. 
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Land use and shelter 

Urban and land-use planning; environmental design; solid-waste collec
tion and management; and housing, including ventilation, heating, air 
conditioning, and lighting. 

Air resources 

Resource management; meteorology and climatology; air chemistry, 
including aerosols; toxicology; analytical chemistry; and air pollution 
control. 

Management 

Engineers may find it desirable to prepare themselves for careers in 
resource management, for which the following subjects are suitable: plan
ning of resource systems; public development economies; public and busi
ness administration. 

With the increasing complexity of problems in environmental health, it 
is clear that there will be a need for a special category of research personnel, 
who will devote a significant part of their careers to fundamental investiga
tions. Such research personnel should be well qualified in any of the 
specialties listed above. A common need will be competence in informa
tion retrieval and communications. The assessment of national problems 
and the establishment of national priorities may help to indicate the type 
and number of individuals who must be prepared to devote themselves 
exclusively to research. 

The environmental health engineer of the future will normally find him
self practising as a member of the environmental design team: he may serve 
as an employee of a public health department or a resource development 
department, in planning or in management. His background in both 
environmental control and public health gives him the responsibility for 
concern for "well-being ", and he should be in an ideal position to keep 
health criteria to the forefront in the planning and execution of environ
mental control projects. Health criteria are essentially planning criteria, 
and the health needs of the community are inextricably interwoven with the 
long-range resource development plan that has to be formulated. 

There is no longer any international uniformity regarding the length of 
the course of training required to produce environmental health engineers. 
In the USA, there is a trend for professional engineers to continue their 
formai education to the master's degree or doctoral level. Sorne European 
universities demand higher educational levels for admittance than those 
in the USA, and consequently require fewer years of formai engineering 
education. In any event, the end-product desired is the same: engineers 
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well-grounded in the humanities, science, mathematics, the engineering 
sciences, and public health, with a sound understanding of their profes
sional responsibilities and able to design and execute environmental control 
works using a broad systems or resource-development approach. Such 
engineers should be ideally suited to their future responsibility of applying 
" engineering principles to the control, modification, or adaptation of the 
physical, chemical, and biological factors of the environment in the interest 
of man's health, comfort and social well-being ".0 

a WHO Expert Committee on the Education of Engineers in Environmental Health (1967} Report, 
Geneva (Wld Hlth Org. techn. Rep. Ser., No. 376}, p. 6. 



EDUCATION OF ENGINEERS 
IN EPIDEMIOLOGY AND PUBLIC HEALTH: 
COMMUNICABLE DISEASES 

B. IŒSié, M.D., D.Sc. • 

It is often thought, especially in the developed countries, that the pro
blem of communicable disease has been solved and is no longer of top 
priority. Such an attitude, admittedly, has sorne justification. It is weil 
known that, in the control of infections diseases, medical science has been 
extremely successful. As early as the end of the last century the causative 
agents of most communicable diseases had been discovered. Since then we 
have been able to discover their reservoirs and modes of transmission, which 
has greatly facilitated the use ofvarious preventive measures. Since Jenner's 
time, the system of active immunizatiop has been developed to an unprece
dented extent. At the beginning of this century, Ehrlich laid the founda
tions of chemotherapy. During the Second World War, when communi
cable disease was spreading rapidly, Fleming introduced antibiotics into 
everyday health-care practice. At the same time, insecticides were added 
to man's weapons against the vectors of infections diseases. 

It would be a mistake if, among the measures used against infections 
diseases, no mention were made of environmental health engineering. 
Thanks to this paramedical discipline, a number of infections diseases in 
certain populations have been reduced to a minimum, and sorne have 
completely disappeared. Unfortunately, the populations in which infec
tions have been pushed into the background are comparatively rare, restric
ted to certain privileged parts of the world. There are still a great many 
countries, indeed continents-Africa, Asia, Latin America-where infec
tions diseases still flourish undiminished, where every year millions of 
people, of ali ages, are victims of wide-spread epidemies. All this occurs, 
in spite of modern medical science, because the world is still divided into 
developed and underdeveloped co un tries, into rich and poor; as long as 
this division exists, infections diseases will remain a major problem. In 
developed countries they are only a potential problem, though one th at may 
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become a reality in the future, ifwar or sorne other upheaval should occur. 
Many believe that communicable diseases can successfully be controlled, 
and even eradicated in certain cases. As long as ignorance, poverty, and 
hunger exist, however, there is no hope that infections diseases will lose 
their leading place among the causes of human morbidity and mortality. 
The conclusion is obvious, therefore, that communicable disease control was, 
is, and will long remain an important aspect of environmental health 
engineering. 

Communicable disease and environmental health engineering 

The role of environmental health engineering is particularly important 
in the control of water-, food- and arthropod-borne infections, zoonoses, 
and worm infestations. The preventive measures used by modern medicine 
in the control of these infections embrace almost ail the fields of environ
mental health engineering. Water- and food-borne enteric infections caused 
by the members of the Salmonella family (typhoid and paratyphoid fevers, 
food poisoning), cholera, diseases caused by enteroviruses (poliomyelitis, 
diseases due to Coxsackie and ECHO viruses), malaria, schistosomiasis, and 
plague are examples of infections in which the control of the vector 
and animal reservoirs is largely in ~he hands of the environmental health 
engineer. 

The control of such diseases calls for close collaboration between the 
physician, the epidemiologist, the environmental health engineer, and their 
assistants (laboratory technicians, sanitary inspectors, food inspectors, insec
ticide sprayers, etc.). Successful collaboration depends on a variety of 
factors; the physician need not know much about engineering or control 
measures, but he must understand them. The environmental health engi
neer, however, must be able to understand and communicate with the var
ious medical and paramedical specialists (epidemiologists, microbiologists, 
entomologists, etc.) with whom he cornes in touch. This new knowledge, 
which he should acquire in an organized system of graduate and post
graduate education, is outside the scope of traditional sanitary engineering 
(water supply, waste-water and solid-waste disposai, vector control). 1t 
opens up to the environmental health engineer new concepts in contempo
rary medicine, in which infections disease is not seen in isolation but as an 
event connected with a defini te time and place, in a certain population group 
or the population as a whole. The environmental health engineer engaged 
in the control or eradication of infections diseases should know that their 
incidence and prevalence depend on the pathogen, the susceptibility of the 
individual or population affected, and a large number of environmental 
factors that affect both the parasite and the host. These environmental 
factors are the main concern of the environmental health engineer. He 
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should be constantly aware that the environment can be changed, and that 
by changing it the occurrence and spread of infections disease can be con
trolled. 

Medical subjects related to infections disease in curricula for environmental 
health engineers 

In the education of environmental health engineers, as far as medical 
subjects are concerned, the problem is not only to decide on the course 
content but also to establish how rouch knowledge is needed for under
standing and carrying out measures for the control and eradication of 
infections diseases. The subjects designed to provide this knowledge can 
be divided into two groups, one comprising microbiology, medical ento
mology, and health education as its most important topics, the other 
comprising epidemiology and infections diseases themselves. 

Medical microbiology is part of the biology of bacteria, viruses, and 
parasites, the causative agents of infections diseases in man and animais. 
The environmental health engineer should be acquainted with the basic 
laws in this field, and with the problems of virulence, immunity, resistance, 
and mutation. Attention should be concentrated on the main groups of 
micro-organisms. 

In medical entomology, the concept of vectors and their role in the 
transmission of individual diseases should be clearly explained. Special 
attention should be paid to vectors of importance in the region where the 
future environmental health engineer will be working. 

Health education is a subject of particular importance in relation to 
infections disease. It should develop and stimulate the active co-operation 
of the community, without which it is hard to achieve any success in the 
control of infections disease. It is essential for the environmental health 
engineer to learn to establish contact with the population among whom he 
works, and to be able to persuade them to co-operate. 

The basic medical subject in the training of the environmental health 
engineer in the control of infections diseases is epidemiology, i.e., that 
branch of medical science that studies the appearance of disease in a certain 
population group or in the population as a whole with a view to explaining 
its origin, pattern, and mode of spread. Without such knowledge there 
can be no proper control of disease and no reasonable application of the 
necessary curative, preventive, and control measures. Epidemiology used 
to be concerned only with infections diseases; toda y its field is rouch wider
it embraces all other diseases as well as sociological phenomena connected 
with the population as a whole (see the Chapter on the epidemiological 
study of noncommunicable disease, p. 90). Epidemiology uses methods 
based on the numerical evaluation of all factors relevant to the incidence 
and prevalence of disease. The future environmental health engineer 
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should be given a clear idea of parasites and parasitism, infection and 
re-infection, the relationship between parasite and host, the evolution of 
infectious disease in the community, environmental influences on infectious 
diseases, and the epidemiological methods used for the detection and control 
of infectious diseases. 

It may be asked why it is necessary for environmental health engineers 
to learn how to think epidemiologically and to become acquainted with 
epidemiological methods of work. It is unlikely, in practice, that the 
engineer will be required to discover the mode of spread of, or to study the 
resistance of an individual or community to, a certain infectious disease. 
It is even less probable that he will be required to determine the incidence 
or prevalence of a disease in the population. His task, however, will quite 
certainly be to remove the cause or causes of the disease or to prevent its 
spread. To do so successfully, he must possess sufficient knowledge to 
ena ble him to apply measures for the control of infectious diseases. More
over, the environmental health engineer with a knowledge of epidemiolo
gical methods will be able to apply them in the planning and evaluation of 
his engineering activities. 

A special problem in connexion with the epidemiology of infectious 
diseases, to which attention should be drawn, is that engineering projects 
are often undertaken without much thought being given to the health 
hazards they may produce. For instance, an irrigation system constructed 
in a developing country may enable large areas of fertile soil to be brought 
under cultivation, raising the economie level and living standards of the 
whole area. However, these benefits may be accompanied by an increased 
number of cases of schistosomiasis if the engineers omit to carry out 
measures to prevent it. These and similar errors are the consequence of 
the fact that engineers are inadequately informed about the fundamentals 
of the epidemiology of infectious diseases. To give another example, the 
construction of a swimming pool is of major heàJth and recreational signi
ficance, but if certain sanitary measures are not taken, this pool may become 
the source ofunpleasant fungal infections that can spread among the bathers 
on an epidemie scale. It goes without saying that an environmental health 
engineer familiar with epidemiology would not make such mistakes. 

The control or eradication of an infectious disease requires the colla
boration of a large number of medical and paramedical experts who, 
uniting their knowledge, skill, and experience, strive to achieve a common 
goal: the promotion of human health. The environmental health engineer 
occupies a prominent place in this team, his importance depending on the 
character of the infectious disease to be controlled. Such collaborative 
work, either in control or in research, gives rise to the problem of the 
relationship between the environmental health engineer and the remaining 
members of the team, especially the physician. This is a problem of leader
ship, and the solution will depend on the content of the working programme: 



EPIDEMIOLOGY AND PUBLIC HEALTH 89 

if it is predominantly medical in character, the medical expert should take 
the lead, but if engineering is more important, leadership should be given 
to the environmental health engineer. In the acquisition of a common 
language and in working out the most suitable solution to the problem of 
leadership, the amount of knowledge possessed by both the medical and 
the engineering expert is of paramount importance. 



THE EPIDEMIOLOGICAL STUDY 
OF NONCOMMUNICABLE DISEASES 

John CASSEL, B.Sc., M.B., B.Ch., M.P.H.* 

The last 20-30 years have witnessed an increasing awareness that the 
principles and methods of epidemiology need not be restricted to a study 
of outbreaks of infectious disease but can be applied with profit to a wide 
variety of other disorders. This awareness of the wider scope of epide
miology has coincided, in the developed countries, with marked changes in 
the major health problems which, while relatively weil documented, have 
been poorly understood. Explanations are needed not only for the recent 
changes in the nature of the major disorders, but also for the extraordinary 
regularity with which these changes have occurred as countries become 
increasingly industrialized. 

For ali countries for which data exist, it appears that the earliest health 
consequences of industrialization and the accompanying urbanization have 
been an exacerbation of those diseases that have been the scourge of man
kind since antiquity, namely the infectious diseases. In the United Kingdom 
and the USA, for example, industrialization was accompanied initially by 
an increase in the incidence of tuberculosis. This disease reached its peak 
within sorne 50-75 years and then began to decline. It is worth noting that 
this decline occurred prior to the discovery of the tubercle bacillus and 
severa! decades before the introduction of any organized antituberculosis 
campaign. Furthermore, the decline has continued at about the same rate 
for the last 75-80 years, notwithstanding the discovery of new and important 
drugs for the treatment of this disease. 8 As tuberculosis began to decline, 
it was replaced as a central health problem in both the United Kingdom 
and the USA by major malnutrition syndromes. In the United Kingdom 
rickets was the scourge, in the USA pellagra. These disorders, in turn, 
reached a peak and declined for reasons that are only partially understood, 
and eventually gave way to sorne of the diseases of earl y childhood. These 
too waxed and then waned, largely but not entirely under the influence of 
improvements in the sanitary environment and through the introduction of 
immunization programmes, to be replaced between the world wars by an 
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extraordinary increase in the incidence of duodenal ulcer, particularly in 
young men. This phenomenon, while more marked in the United Kingdom, 
occurred in the USA as weil and was accompanied by a marked shift in the 
male-female ratio of the disease.21 Gradually, for totally unknown reasons, 
this disease declined and has been replaced by our modern epidemies of 
coronary heart disease, hypertension, cancer, arthritis, diabetes, mental 
disorders, etc. There is evidence that sorne of these disorders have reached 
a peak and are in their turn declining. Death rates from hypertensive 
heart disease, for example, have apparently been declining in the USA since 
about 1940-1950.18 

In the face of these phenomena, it was postulated that application of 
the epidemiological principles developed for the study of communicable 
diseases would lead to improved understanding and then to methods of 
control. To a large extent, these hopes have not been realized since, 
despite intensive research, the explanations put forward as to the origins of 
these changes in disease patterns have so far proved to be relatively unsatis
factory. 

In my view, one of the reasons for this relative lack of success has been 
the widespread and uncritical acceptance of the view that the principles 
developed for the epidemiological study of infectious diseases could be 
applied with hardly any change to the study of other disorders. While this 
is undoubtedly true to sorne extent, in that the strategy and methods of 
epidemiology are common to studies of ali types of disorders, this attitude 
fails to emphasize the crucial importance of the conceptual framework or 
of hypotheses in the determination of the types of phenomena to be studied. 
It must be recognized that, as in aU scientific endeavour, the underlying 
hypotheses (implicit as weil as explicit) determine the variables considered 
to be relevant and worthy of study, and also determine the interpretations 
that will be made when correlations between variables are found. If a 
century ago, for example, an investigator subscribing to the miasmatic theory 
of disease and an investigator supporting the germ theory had both been 
concerned with the factors associated with malaria, both might have regarded 
height above sea level as a variable worthy of study. However, the inter
pretation of the finding that there was an inverse relationship between height 
above sea level and malaria would have differed according to the theoretical 
viewpoint: the first investigator would have explained it by exposure to 
swamp gases, the second by exposure to mosquitos. Furthermore, in the 
case of plague, exposure to rats would be considered a relevant factor 
according to the germ theory but not necessarily relevant according to the 
miasmatic theory. I am suggesting, by analogy, that we are applying to 
noninfectious diseases a theory of disease that has been found useful in 
studying many of the infectious diseases, and we need to query its utility. 

In essentials, the theory of disease causation implicit in the majority of 
current epidemiological investigations is derived, with minor modifications, 
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from the germ theory of disease. There is considerable doubt whether the 
germ theory, as originally developed, is useful today even in the study of 
infectious diseases themselves. Thus the eminent microbiologist René 
Dubos 6 points out that, following the discovery of pathogenic micro
organisms, the question of central interest to medicine and to epidemiology 
was to discover how man came in contact with them so that the chain of 
transmission could be broken. This was a useful approach at a time when 
most infectious diseases were of the acute epidemie form, and the mode! of 
causation developed after the discovery of micro-organisms was extremely 
helpful in answering this question. Today, however, this is not necessarily 
the most important question, as there is reasonably good evidence to suggest 
that the majority of organisms implicated in infectious diseases are ubiqui
tous in our environment and are harboured by a large proportion of the 
population ali the time. The main question now is not to explain how man 
cornes in contact with pathogenic organisms but rather to explain how the 
balance between these organisms and their human host becomes disturbed, 
thus leading to the development of symptoms. At the very !east, research 
in this field requires the development of a series of hypotheses in order to 
modify the orthodox germ theory and take into account those factors, 
including emotional and social as weil as physical stimuli, that can disturb 
the physiological balance and alter the relationship between the host and 
the organism. 

As far as the study of noncommunicable diseases is concerned, the 
orthodox mode! of causation is deficient in at least four major respects. 

The first deficiency is that, in its classical form, the model of causation 
is mono-etiological, so that each cause has its disease and each disease has 
its cause. It needs to be recognized that such a view of causality is useful 
under one set of circumstances, viz, when the disease has been defined or 
classified as the manifestations that occur in response to exposure to the 
etiological agent. Thus tuberculosis is defined as those signs and symptoms 
that appear as a consequence of exposure to the tubercle bacillus. Identical 
signs, symptoms, and pathological lesions appearing in association with 
another bacillus are not called tuberculosis. While there is clearly a degree 
of circular reasoning involved here, this concept of causation has proved 
useful. When this prerequisite as to classification is not satisfied, and the 
disease has been classified, for example, on the basis of anatomicallocation, 
as in the case of lung disease (pneumonia), it has been found useful in the 
past to divide up the various manifestations into a number of different 
diseases so as to fit them into a mono-etiological mode!. Thus pneumonias 
have now been divided into bacterial pneumonias, viral pneumonias, lipoid 
pneumonias, etc. In contrast, other diseases such as skin rashes, chancre, 
gummata, and mental disorder, have been combined to form one disease, 
syphilis, on the basis of their common relationship to Treponema pallidum. 
Such classification systems and the etiological model upon which they are 
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based have proved extremely useful for certain purposes, e.g., therapy, but 
not so useful in dealing with other types of problem, such as the similarities 
between patients with mental disorders of syphilitic and non-syphilitic 
<lrigin, or the fact that the response to T. pallidum differs very markedly 
from one society to another. 

Regardless of the usefulness or otherwise of a mono-etiological theory 
of the infectious diseases, the implications for the non-infectious diseases 
are clear. These diseases are classified on the basis either of anatomical 
location (e.g., heart disease) or of disordered function at various levels of 
<lrganization (e.g., cancer as a disordered function at the celllevel, psychoses 
as a disordered function at the organism leve!). Either they have to be 
reclassified or we must accept the fact that, given the current classification 
scheme, we cannot expect any single factor to be sufficient or perhaps 
even necessary as an antecedent. One corollary of this view, perhapsinsuf
ficiently recognized, is that if a multiple-cause theory is espoused it fcllows 
that a particular factor may under certain circumstances be causal but under 
other circumstances neutra! or even beneficiai. There is rather convincing 
recent evidence, for example,19 to indicate that emotional stress may be a 
cause of heart disease in the presence of a high-fat diet and low physical 
activity. In the absence of the high-fat diet or in the presence of high 
physical activity, such emotional stress may be irrelevant as far as coronary 
heart disease is concerned. By the same token, a high-fat diet in the 
absence of emotional stress may be unimportant as a cause of coronary 
heart disease. Th us the search for a factor that will be the cause of a condi
tion under ali circumstances becomes futile. 

A second deficiency of the orthodox germ theory is that it fails to dis
tinguish those classes of causes that may be responsible for the onset of 
disease from those that may be responsible for failure to recover from the 
disease. This concept, first propounded by Halliday in 1943,10 has gener
ally been overlooked in medical teaching. In essence the principle is clear 
in both infectious and non-infectious diseases. The knowledge required to 
prevent the occurrence of typhoid fever, for example, is different from that 
required to treat the disease successfully. lndeed, typhoid fever was con
trolled long before any successful therapeutic agent was discovered. Simi
larly, knowledge of the role of insulin in carbohydrate metabolism is essen
tial for adequate treatment of diabetes, but such knowledge is of little or 
no use in devising programmes to prevent the occurrence of this disease. 
Despite this general experience, it is extraordinary how frequently investi
gators seek information on the causes of a disease by contrasting a group 
of survivors with a group of healthy individuals in the hope that the diffe
rences between the two groups willlead to an understanding of the factors 
that led to the disease in the first group. This approach may be useful 
under certain circumstances, but needs to be employed with considerable 
caution. 
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The third deficiency in the original formulation of the germ theory is 
that it takes no account of the ability of the human organism to adapt to 
various stimuli without suffering any deleterious effects. Such adaptation 
is frequently the result of previous experience, and the relevant experience 
of the exposed population therefore needs to be considered in assessing the 
possible causative role of any combina ti on of factors. Haenszel, 9 for 
example, has shown that at fixed levels of cigarette smoking, lifetime urban 
residents, who presumably have been exposed since birth to atmospheric 
pollution, have lower death rates from lung cancer than migrants to the 
city who have had a much shorter exposure. The migrants have death 
rates three times higher than the lifetime urban residents, so that it would 
seem that the latter have adapted to sorne extent to the effects of atmospheric 
pollution. Studies of the effects of such pollution, if restricted to lifetime 
urban residents because of their maximum exposure, might thus fail to 
indicate the harmful effects of shorter exposure on newcomers. 

The fourth and perhaps the gravest deficiency of existing models of 
causation is that they restrict notions of causation to exposure to physical, 
chemical, and biological factors in the environment and fail to bring out 
the role of social or human factors. 

The evidence supporting the role of social factors in the etiology of 
disease is fragmentary but challenging, and the subject clearly needs to be 
explored further. Somewhat paradoxically, sorne of the more convincing 
evidence cornes from animal studies. For example, the work of Calhoun 2 

and Audy 1 has shown that disturbed social relationships in animais, 
usually produced by crowding or by confusion over territorial control (ali 
other factors, including diet and sanitation, being kept constant), can result 
in increased maternai and infant mortality rates, reduced resistance to 
insults (including X-rays, drugs, poisons, and infection), and shorter life 
expectation. In sorne preliminary studies, Henry (unpublished report) has 
shown that under such circumstances hypertension develops in mice, and 
Conger 4 has demonstrated that the efficacy with which an electric shock can 
produce peptic ulcers in rats largely depends on whether the subjects are 
shocked in isolation (high ulcer rates) or in the presence of litter mates 
(low ulcer rates). McKissick16 has shown that crowding can increase the 
prevalence of arteriosclerosis in chickens, and Mason 15 has demonstrated 
the occurrence of changes in the pituitary and adrenocortical system that 
could possibly explain such findings. 

The evidence obtained from epidemiological studies in man is even 
more fragmentary, but there are nevertheless sorne intriguing and suggestive 
findings. Studies on blood pressure, for example, conducted in a large 
number of countries, including Brazil,l3 Guatemala, 12 South Africa,7 · 20 

Easter Island, 5 Fiji, the Gilbert Islands, 14 and the New Hebrides,U have 
invariably shown that populations living in small cohesive societies insulated 
from the changes that are occurring in Western industrial countries have 
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low blood pressures, with no differences as between young and old. In a 
number of these investigations, groups who had left these societies and 
entered into contact with Western culture were also studied and were found 
to have higher levels of blood pressure and to exhibit the familiar relation
ship between age and blood pressure found in studies of Western popula
tions. Studies in the USA 22 • 23 have demonstrated that the prevalence of 
coronary heart disease is higher among occupationally and residentially 
mobile people than among stable populations, and that in stable rural 
residents mortality from coronary heart disease increases as the area in 
which they live becomes more urbanized.24 The latter study, concerned 
with a group of stable people around whom the social situation was changing 
to a varying degree, was specifically undertaken in an attempt to suppress 
the influence of selective factors by which migration studies are always 
plagued. Rural mountain-dwellers who were the first of their family to 
engage in industrial work were compared, in another study,3 with other 
workers in the same factory who were drawn from the same ethnie stock 
and from the same mountains, and were doing the same work for the same 
wages, but whose parents had worked in the factory before them. The 
first group, the one that had recently undergone rapid social change, was 
found to have consistently poorer health indices (as measured by the 
Cornell Medical Index), and a higher sickness absenteeism rate with 
advancing years of service. 

The potential influence of changing or disturbed social realtions has 
also been shown in sorne diseases of "known" etiology. In a study of 
tuberculosis, for example,11 considerably higher rates were found in groups 
who formed a distinct minority in a given neighbourhood (rejected by the 
dominant majority) and who had a higher rate of residential and occupa
tional mobility and a higher rate of divorce or failure to marry. In other 
words, the disease occurred more frequently in people who occupied a 
marginal status in society, without family, friends, neighbours or any 
meaningful human group with which they could interact. Furthermore, it 
seemed unlikely that these differences in rates could be explained by 
differences in opportunities for exposure to the tubercle bacillus. 

While the findings of each study, taken separately, are amenable to a 
number of alternative explanations, such as the influence of selection or of 
changes in diet and physical activity, the consistency of the findings under so 
wide a variety of circumstances tends to suggest that changes in the human 
environment cannot be excluded as major causal factors. 

In conclusion, if epidemiology is to make a maximum contribution to 
the understanding of noncommunicable diseases, and especially if it is to be 
useful in the design of control programmes in developing countries, the 
issues raised in this chapter will have to be considered when variables for 
study are selected and when the correlations found are interpreted. 
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CONTINUOUS AUTOMATIC 
INSTRUMENTATION FOR THE MONITORING 
OF WATËR AND SEWAGE 

Franz Matz* 

Considerable advances have been made in techniques for water and 
sewage monitoring in recent years. The equipment used must provide 
continuons or periodic monitoring of water or sewage outfalls, and the 
manner and extent of the monitoring will depend on the use for which the 
water is intended and on the requirements to be satisfied by the sewage. 
In addition, the equipment serves to monitor purification processes and 
their effects. 

Assessing water or sewage quality requires a large number of individual 
tests, but if this is to be effected by means of continuously-operating auto
matie instruments, the parameters must be reduced to a number that is 
technically and economically feasible for each individual case. 

The following are sorne of the factors that are particularly important in 
continuons monitoring: temperature, turbidity, settleable solids, pH, con
ductivity, dissolved oxygen and biochemical oxygen demand. It is also 
important to determine surface tension, nitrogen compounds, sulfate ions, 
sulfide ions, chloride ions, cyanide ions, heavy metal ions, phenols, deter
gents, toxic substances, amount of sludge, solid content of sludge, etc. 

Theoretically, the physical properties of water can be continuously 
measured quite readily, but continuons chemical monitoring is more 
difficult. The varions chemical compounds in solution in water often 
cause changes in its physical properties in accordance with their physico
chemical characteristics, and it is difficult to determine individual substances 
qualitatively or quantitatively on the basis of the sum total of their effects 
in sewage or water. 

Continuons monitoring is usually based on physical measurements, with 
direct or indirect measurement of the factors to be monitored. The pH 
value, conductivity, dissolved oxygen content, and temperature can be 
determined directly. Phenols, heavy metal ions, etc., must, in the present 
state of measurement techniques, undergo certain chemical reactions in 
automatically-controlled preliminary treatment before they can be physically 
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measured as reaction end-products. For the time being, therefore, there 
are still certain limits to the use of continuous monitoring in practice, 
although the procedure is satisfactory as regards reliability and accuracy. 

In this Chapter, the present state of techniques for water and sewage 
monitoring will be reviewed and certain special problems, e.g., monitoring 
stations and sampling, will be discussed. 

Even if all significant data cannot yet be determined continuously, exist
ing apparatus can often provide useful and extensive monitoring. In many 
cases, the problem to be tackled does not require continuous measurement 
of ail the individual parameters; it will be enough to measure only one or 
two characteristics which can give, for example, sorne idea of the concentra
tion and its continuity or discontinuity. 

Temperature measurement 

Temperature measurement poses no difficulties as regards apparatus. 
Temperature is an important parameter, particularly in the monitoring of 
industrial sewage outfalls, since maximum discharge temperatures are often 
specified. Temperature measurement is also very important in connexion 
with temperature compensation for physical parameters, e.g., in the mea
surement of pH, conductivity, and oxygen. 

pli measurement 

The measurement of pH has become very accurate and reliable, and 
commercially available equipment satisfies most requirements. Accuracy 
and reliability usually depend not on the equipment itself but on adequate 
installation and expert maintenance. 

At the present time, glass electrode deviees are used almost exclusively 
for pH measurement; the apparatus consists of a glass electrode and a 
reference electrode. The system also includes temperature compensation, 
an observed-value transmitter, i.e., an amplifier and pH range attachment, 
an indicator, and a recorder. The use of certain types of electrode has the 
advantage of enabling the pH to be measured in water at temperatures 
above 80° C and up to about 105° C. Since this kind of measurement 
system has a high internai resistance of about 109 ohms, the associated 
measuring instrument must have an input resistance of 1011 ohms. 

When the glass electrode and reference electrode are combined to form 
a unit, this is referred to as a " single-rod unit "; it is used mainly in the 
laboratory. In fixed installations for water and sewage monitoring, it is 
preferred to keep the glass and reference electrodes separate, since they may 
last for different lengths of time and the defective item alone then needs to 
be replaced when servicing is necessary. 
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Before a pH-measurement system is installed, the medium to be analysed 
should be studied and local conditions considered so as to determine which 
pH ranges need to be covered, what disturbances can be caused (e.g., by 
deposits on the electrodes), and what form of measurement system is the 
most suitable. The most appropriate glass electrodes and the material for 
retaining the units in place can then be selected accordingly. Suitable 
electrodes are now available for almost aU types of measurement, and the 
measurements can be made in ali pH ranges. However, difficulties occur 
in the case of hydrofluoric acid solutions and solutions having a high 
concentration of phosphoric acid or alkaline salts. A preliminary chemical 
examination will also give sorne idea of likely deposits on the electrodes 
and the required frequency of servicing. 

Besides flow-type fittings, immersion deviees are also used in water and 
sewage monitoring. The main consideration in choosing the type to use is 
ready accessibility of the electrodes, so that servicing is very simple and 
rapid, involving only cleaning, replacement of faulty electrodes, and cali
bration. 

When used directly in still water or in a sewer or shaft, and depending 
upon the local situation and more particularly on level variations, the mea
surement deviee can be either a rigid installation or mounted on a suitable 
float. In ali cases it is essential for the electrodes to be surrounded by 
water. 

Pressure variations have much Jess eifect on the glass electrodes than 
on the reference electrodes. Steps must be taken to ensure, for example, 
that disturbing ions present in sewage do not penetrate the diaphragm to 
reach the interior of the reference electrodes and " poison " them. It is 
therefore useful to have an electrolyte " switch " between the reference 
electrode and the medium to be measured. There is always sorne Joss of 
potassium chloride solution through the diaphragm of the electrolyte switch 
-the extent of the loss depends on pressure and diaphragm permeability
and the supply vessel must be topped up periodically. The particular 
advantage of this deviee is that the high internai pressure prevents the dia
phragm from becoming covered with deposits and clogged. Electrolyte 
switches of this kind are useful not only for immersion electrodes but also for 
flow-type fittings with no free outflow, i.e., fittings in which the reference 
electrode is also subjected to sorne pressure. 

Although the glass electrode is unaffected by most chemical substances, 
there may still be difficulties. Accuracy of measurement is impaired if the 
liquid being measured attacks the glass of the diaphragm; as previously 
stated, this happens more particularly with hydrofluoric acid or fluoride 
solutions having a pH below 7, but it also occurs with solutions containing 
strongly alkaline liquids or a high concentration of free phosphoric acid. 
For water containing hydrofluoric acid, the best course is to use an antimony 
electrode. Deposits (e.g., of calcium carbonate) on the diaphragm of the 
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glass electrode are, however, the most frequent source of difficulties. Severa! 
firms have endeavoured to automate electrode cleaning and have developed 
wipers that dean the electrodes at predetermined intervals. Unfortunately, 
the nature of the deposits is a limiting factor; for instance, the presence of 
very hard crystalline substances in sewage may result in rapid wear of the 
electrode diaphragm. 

The measurement deviee should be as close as possible to the transmitter 
and great care must be taken with the connexions. Atmospheric humidity 
and vapours may cause undesirable surface leakage currents to flow at the 
electrode connexions; special attention should be paid to the seals and 
insulating material of equipment that has been in prolonged use. If the 
measuring instruments cannot be placed in sorne form of permanent struc
ture, it is advisable for them to be mounted in protective housings. 

Conductivity measurement 

The conductivity of river water and sewage depends mainly on the 
amount of inorganic salts or their ions present. 

In water quality control, continuons measurement of conductivity or, 
as it is usually called, salt content measurement, is important in connexion 
with both water treatment and sewage purification. What is often required 
is not an absolu te measurement of concentration but continuons monitoring 
to detect any deviation from a standard condition specified for a particular 
measuring station. 

Conductivity-measuring facilities consist of a transmitter, a measuring 
attachment, an indicator or recorder and, as a rule, a temperature sensing 
deviee to compensate for temperature. As far as continuons measurements 
in river water and particularly in heavily polluted sewage are concerned, 
the serviceability of the equipment will depend on the construction and 
behaviour of the transmitter. 

A basic distinction must be drawn between conventional processes in 
which there is direct contact between the electrode surfaces and the water 
under analysis and other processes not requiring such contact. The latter 
processes will be discussed under the common, although technically erro
neous, term of " electrodeless " processes. 

Sorne years ago, the technique of using immersion transmitters in the 
form of measuring cells having concentrically arranged electrodes was taken 
over from industry and used for water and sewage monitoring. With fre
quent cleaning, at daily intervals for instance, satisfactory results could be 
obtained even in heavily polluted sewage. One advantage of this concentric 
arrangement is that the outer electrode also serves as a screening electrode. 

The electrodes are made of V4A steel and can be cleaned with an ordi
nary domestic scouring powder and a brush. A measuring frequency of 
about 1000Hz is recommended for this electrode arrangement. 
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Efforts to compensa te for soiling of the electrodes have led to the devel
opment of deviees with 4-ring electrodes. The transmitter consists of 
4 carbon rings arranged concentrically one above the other and set in 
cast resin. The top part of the transmitter is made of corrosion-resistant 
steel and contains a hot conductor combination to provide temperature 
compensation. This 4-ring electrode is also suitable for measurements in 
solutions having a high conductivity, i.e., a relatively high salt concen
tration. 

The range attachment includes a generator, power pack and amplifier, 
in the form of printed plug-in wiring panels, and a plug-in measurement
range selector that can be used to select the following ranges: 0-1, 0-2.5, 
0-5, 0-10, 0-25, and 0-50 mS/cm. A range of 0-100 mS/cm can also be 
supplied ex-works on request. A large selection of ranges is therefore 
available to suit different problems. 

The 4-ring electrode transmitter is an immersion deviee; it is convenient 
to fit it into a plastic tube whose inner diameter is larger than the transmitter 
diameter. The tube is mounted so that it dips into the water in the direc
tion of flow and at an angle of about 45° to the water surface. The top 
end of the tube is held in such a way that it can move, while its bottom end 
is suspended on a chain or rope and is free to make vertical and lateral 
movements in the water. This arrangement ensures that relatively large 
solid material floating in the water does not stick to the transmitter. When 
the deviee is installed, it is essential to ensure that the transmitter is always 
about 5-10 cm below the surface of the water and cannot come closer than 
about 10-20 cm to the side walls of the inflow channel. 

The transmitter can be cleaned quite simply, e.g., by means of a brush 
and a detergent, at intervals depending upon the water being measured and 
the nature of the pollution. This deviee has proved very satisfactory in 
heavily polluted domestic sewage. 

The so-called " electrodeless " system has already been mentioned as 
another method of measuring conductivity. The term "electrodeless" in 
this context means that, in contrast to conventional forms of conductivity 
measurement, there is no galvanic connexion between the electrodes and 
the liquid being measured. The measuring cell is a glass tube through 
which the water under analysis flows; the electrodes are mounted on the 
outside wall. The deviee forms a capacitor whose dissipative resistance 
varies with the conductivity of the test liquid inside it and determines the 
oscillation amplitude of a high-frequency oscillator connected to the 
capacitor. The amplitude is measured and, if calibration is possible, is a 
measure of the conductivity of the water. 

The main advantage of " electrodeless " conductivity measurement is 
that no metal electrode is immersed in the liquid, so that the deviee is free 
from the disturbances arising from the soiling of metal electrodes, associated 
more particularly with measurements in sewage. 
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Measurement of settleable and suspended solids 

In the standard procedures for analysing water, sewage, and sludge, the 
undissolved substances contained in the water are divided up into settleable 
solids, i.e., substances that will settle under certain established conditions, 
and suspended solids, i.e., solids that can be removed by filtration under 
certain established conditions. 

If analytical results are to be satisfactory when measurement of these 
parameters is automated, the conveyance of the liquid to the measuring 
deviees is of primary importance, since this should have very little effect on 
the structure of either kind of solid. It is only rarely that the water can be 
supplied to the measuring deviees in free fall. Scoop mechanisms or screw 
pumps should be used to convey the liquid, as these have the smallest 
effect on the structure of the solids. Centrifugai pumps are unsuitable. 
In long pipes extending from the intake to the deviee, a high degree of 
turbulence may also affect the structure of the undissolved solids so that 
their settling properties are markedly different from those of the original 
sample, with the result that faulty measurements are unavoidable. With 
sorne waters, secondary flocculation may, for example, cause a large increase 
in the volume of the solids that settle out as compared with the original 
sample. Permissible rates of flow in piping should, therefore, be checked 
individually for different kinds of sewage. Sorne differences from the 
original sample are unavoidable, more particularly in the case of conveyance 
over distances of more than 50 m; they should be determined periodically by 
comparing the results of the measurements with those for the original water. 

It has long been conventional to prepare filtration charts manually, 
more particularly in water monitoring, as a means of obtaining a good 
general survey of the quantity of settleable and suspended solids and of 
colour and structure, so that sorne idea of the origin of the sludge can be 
obtained. The possibility of discovering the origin of the sludge contents 
is chiefly responsible for the usefulness of the filtration chart in conjunction 
with turbidity measurement or the measurement of settleable solids. 

Turbidity 

Water that contains finely-divided undissolved solids appears turbid to 
the eye. Automatic measuring deviees measure either the reduction in the 
intensity of a light bearn passing through the water, i.e., the amount of light 
absorbed, or the intensity of the light scattered laterally by the solid particles. 
The scattering depends on the properties of the particles, such as their size 
and colour, their structure, i.e., whether they are amorphous or crystalline, 
and the particle size distribution. Since light is absorbed by the water 
itself, for instance in coloured water, as well as being scattered by the solid 
particles, it is usually difficult to calibrate in terms of solid content (in mg/1) 
in water and sewage monitoring. This calibration can be effected and give 
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satisfactory results only where the composition of the solids is likely to be 
constant. It is assumed that what is required in most cases is not an absolute 
measurement of turbidity but continuous monitoring of sorne normal 
condition determined empirically for the measuring station, deviations 
from the norm being noted on a chart. In other words, the emphasis in 
turbidimetry is on relative measurement. 

The main features of the deviees used are a radiation source, provision 
for adjustment of intensity (wavelength adjustment), a cell, a photoreceiver, 
an amplifier, and indicating and recording deviees. 

Two processes may be used in light-absorption measurement: the 
single-bearn process and the 2-beam process. 

The equipment used in the single-bearn process comprises a light source, 
a photoreceiver, and a recorder. The light source must have a constant 
current supply. The liquid whose turbidity is to be measured is placed in 
a cell or allowed to flow in the form of a stream in free fall in the path of 
the bearn between the light source and the photoreceiver. For calibration 
purposes, a standard, such as clear water, is placed in the bearn path and 
the deviee is adjusted to 100% light transmittance. 

The 2-beam process uses a light source, 2 cells and 1 or 2 photoreceivers. 
The liquid for analysis flows through one celland a calibration standard is 
placed in the other. Measurement is effected either by the difference 
method or by the compensation method. 

In the difference method, variations of light-source intensity are com
pensated for by the 2 photoreceivers, which must have identical characteris
tics. Instead of the standard, a coloured solution can be placed in one of 
the cells to compensate for measurement errors due to the natural colour of 
the water. 

In the compensation method, the reference path includes a diaphragm 
that is adjusted by a servomotor until the same amount of light is being 
transmitted along both paths, the diaphragm position then being a measure 
of the light absorption in the measurement path. The recording deviee is 
connected to the diaphragm. 

In the scattered light method, the light source and photoreceiver are 
arranged with their optical axes at right angles. The measurement cell is 
placed at the intersection of the axes. Incident light is scattered by the 
solid particles so that, up to a predetermined solids concentration, the light 
reaching the photoreceiver increases as the turbidity increases. In this 
case, too, single-bearn and 2-beam processes can be used. 

The critical part of the system is the cell. For reproducible measure
ments, the cell windows must be dean. Even if the rate of flow in the cells 
is high, dirt may accumulate during measurements on river water and 
sewage. One way of eliminating this source of error is to fit an automatic 
wiper which, driven by a motor, enters the cell at preselected time intervals 
and cleans the windows. 
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Turbidimeters that measure the light scattered at the water surface 
require a smooth, calm water surface, i.e., a slow flow through the measuring 
deviee. Difficulties then arise because the substances causing turbidity 
settle out at low rates of flow. Oil films on the water surface can also 
interfere with the measurements. 

The calibration of turbidimeters is difficult. The reduction in light 
intensity or the amount of light scattered can be related to the optical 
visibility (using Sneilen's visual acuity chart), the content of settleable solids 
(ml/1), the solids content (mg/1), or to special standard solutions, etc. At 
present, turbidity measurement can be used only for measuring variations 
in the content of turbid substances or in the light transmittance of water 
under specified measurement conditions. 

For purification plant and main-drain monitoring, the optical visibility 
method is best for interpreting the percentage light reduction indicated by 
the instrument. Readings in terms of optical visibility in cm are in general 
use and give the engineer a measure of the visible cleanliness of water. If 
percentage light transmittance is plotted against optical visibility in cm, a 
mean curve can, in special cases, be drawn through a large number of 
measurements. 

Since light transmittance and light scatter depend on the size, colour, 
and reflectivity of the particles as weil as on their number, calibration in 
terms of solid content (mg/1) or of settleable solids (mljl) is usually beyond 
the scope of turbidimetry. Calibration is feasible only where these factors 
do not vary greatly. 

Mechanized photometrie water analysis 

The second branch of photometry where mechanization and partial 
automation of sewage and water monitoring would be desirable, in the 
laboratory as weil as in practice, is the determination of concentrations of 
ions and compounds taking part in colour reactions. 

Automated analyses of this kind have long been used for measurements 
in clean water, e.g., boiler feed water and drinking water, and serve to 
determine phosphate ions, chlorine, silicic acid, residual hardness, iron 
ions, ozone, etc. 

Photometrie analysis can be automated in one of the foilowing ways: 

(1) by using colorimetry for continuous titration; this is the simplest 
form; 

(2) by means of instrumentation systems in which reagents are added 
to samples taken at intervals and, after the reaction has been completed, 
the col our intensity is measured in a cell; 

(3) by adding reagents and carrying out a col our reaction and through
flow measurement. 
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At present, certain problems remain to be solved in connexion with 
continuous photometry, more particularly in sewage, since it is then often 
very difficult, as it is in most river waters as well, to ensure that the solution 
reaching the photometer is optically clear, and it is precisely this which is 
essential in any quantitative photometrie measurement. In colorimetry, it 
is difficult to arrange for automatic compensation for turbidity and the 
natural colour present in river water or sewage, as weil as for secondary floc 
produced by the addition of reagents; these must be eliminated before the 
photometer is reached. Once this problem has been solved satisfactorily, 
continuous photometry will have a wide range of uses. In recent years, 
various possible ways of effecting satisfactory preliminary treatment, e.g., 
by filtration, extraction, dialysis, or distillation have been discussed. Expe
rience so far seems to show that automated extraction would be a satisfac
tory method of obtaining an optically clear phase for measurement. No 
emulsions must form during the extraction. Extraction could be used, for 
example, to transfer the coloured component evolved in the reaction into a 
non-aqueous phase, as in the determination of phosphate ions, methylene
blue-reactive substances, and cyanide ions. Alternatively, water could be 
extracted in the first stage, and the colour reaction could be carried out in 
the extract. Continuous dialysis would also help to prevent very fine solid 
particles from interfering with the photoelectric measurement; the active 
surface of the diaphragm is affected very considerably by oil and grease in 
the water, however, and by the growth of colonies of bacteria. Work has 
been clone recently on continuous distillation of compounds volatile in 
steam, but little practical experience is available at present. For the time 
being, no final assessment can be made of any particular method of pre
liminary treatment. 

Measurement of dissolved oxygen content 

This is very important in water resources management. Automatic 
oxygen measurement is used in sewage monitoring, control of activated 
sludge plants, research into the efficiency and economies of aeration systems, 
and scientific experiments on a semi-technical or laboratory scale. 

In the construction of diaphragm-covered electrodes, the cathode and 
anode are embedded in plastics. A diaphragm of a specified quality is dra wn 
over the electrode surface, and behind the diaphragm an internai electrolyte 
serves as an electrically conductive link. The dissolved oxygen diffuses 
through the diaphragm into the internai electrolyte, where its content is 
measured; the value indicated by the measuring instrument is correct only 
when equilibrium has been reached between the concentration of oxygen in 
the water and that in the internai electrolyte. 

Measuring cells are calibrated either against air or against water having 
a known oxygen content; in the latter case, the oxygen content is measured 
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chemically by Winkler's method or by sorne form of polarography. The 
calibration curves are linear at constant temperature. Recalibration, which 
should in any case be carried out frequently, is necessary whenever a new 
diaphragm is fitted or whenever fresh internai electrolyte is added. 

Measurements are very rouch dependent on temperature, mainly because 
of the sensitivity of diaphragm permeability to temperature. Automatic 
temperature compensation is provided in most equipment. In the absence 
of automatic temperature compensation, the correct value of the oxygen 
content must be calculated by making a simultaneous temperature measure
ment and using nomograms. 

For satisfactory operation of electrodes of this kind, the water must flow 
past the diaphragm at a definite and uniform rate, so that fresh layers of 
liquid are continuously being brought to the measuring deviee. The flow 
rate should be about 1 rn/s. In sorne types of apparatus, the measuring 
voltage is applied externally, while in others it is dependent on the choice 
of the electrode pairs. 

Oxygen measurement by mercury polarography, in which mercury drop
lets are used, avoids the difficulties resulting from contamination of the 
surface of the electrodes. 

The third possibility is oxygen measurement by the phase-exchange 
method. Measuring the oxygen content in the gas phase ensures that pollu
tion of the water does not affect the measurement, but the difficulty is that 
the water to be measured must be free from air bubbles, which would 
introduce undetectable errors. The phase exchanger is a dipping dise deviee 
that floats on the surface of the water. A number of dises are arranged 
close together on a slowly rotating shaft. The dises are immersed in the 
water over about half their area and are covered by a hood to protect them 
from atmospheric air. An inert gas, propane, flows through the deviee 
below the hood. A film of water from the surface clings to the dises as they 
rota te. If the flow rate of inert gas is constant, the oxygen dissolved in the 
water diffuses, in accordance with an equilibrium dependent on its concen
tration, into the inert gas phase, which is then led into a Magnos unit. 
The oxygen concentration in the inert gas is determined from the paramag
netic properties of the oxygen. 

The only disadvantage of this system when used in an activated sludge 
plant is that measurements must be made in a bypass or in the outfall from 
the aeration tanks, and not in the aeration tanks themselves. The water 
flowing through the phase exchanger must be completely free from air 
bubbles. The flow rate must not fall below about 0.2 mfs. 

Servicing is very simple. If a 5-kg propane gas cylinder is used, it must 
be changed once a month. The deviee is calibrated by means of oxygen 
determinations by Winkler's method. All that is needed is a weekly check 
and correction of any deviation noted. Contamination of the exchanger is 
slight and, if the calibration is checked weekly, has practically no effect on 
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the measurements. In a 5-month trial run, the exchanger was cleaned only 
twice. 

Oil warning deviee 

Oil contamination ofwater is a problem requiring special attention. Un til 
now there has been no way of providing automatic detection of oil leaking 
into sewers and main drains, intakes to purification plants and, above all, 
intakes to drinking water supply plants. It is not absolutely essential for 
the quantity of oil to be indicated; appropriate action can be taken once the 
presence of an oil film on the surface of the water has been detected. The 
special range of problems confronting the Ruhr Water Authority in the 
Federal Republic of Germany led it to develop an oil warning deviee that 
fulfils this purpose very satisfactorily. A rapidly rotating dise dips into 
the water to a depth of a few centimetres. Electrodes fitted to the dise 
make direct contact with the water. The current between the electrodes 
is interrupted when an oil film covers their surface. In this way, oil detec
tion is based on the contamination of the electrode, something which under 
other conditions causes many difficulties. 

Monitoring stations and sampling 

Continuous measurement may be required both for local and for regio
nal monitoring. The function of local monitoring may, for example, be to 
check the effectiveness of purification plants or to monitor the composition 
of various types of sewage. These measurements form the basis for regional 
monitoring, which covers a closed system of main drainage channels and 
the corresponding intake lines. Local monitoring is used to measure con
tinuously a few selected factors characteristic of the water, whereas in 
regional monitoring a considerable number of factors must be recorded 
together. For instance, a pH meter or a turbidimeter may suffice for local 
monitoring, but an extensive range of equipment may occasionally be neces
sary for regional monitoring, and the construction of monitoring stations 
may be justifiable. In local monitoring, transportable monitors can be 
used for more thorough checking. 

The Emschergenossenschaft and Lippeverband (Ems and Lippe Water 
Authorities), for instance, have been building and operating monitoring 
stations of this kind in the Federal Republic of German y for sorne 20 years. 
In their fully developed form, such stations have facilities for 2-hour and 
24-hour sampling for measuring air and water temperatures, conductivity, 
pH, oxygen content, turbidity, settleable solids, facilities for preparing 
filtration charts, activated charcoal filters for adsorbing organic pollutants, 
metal ion filters, and aquaria with various dilution loadings for testing fish. 
Very good practical results have been obtained by a combination of fish-
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testing and sample-collecting, with simultaneous automatic recording of 
important analytical criteria. 

For water and sewage monitoring, sampling is just as important as con
tinuous measurement of the various parameters. Sampling serves, inter alia, 
to obtain representative mixed samples that can be subjected to chemical 
analysis, but it is also useful for supplying controlled quantities of water to 
the various measuring instruments. These two functions are often com
bined. 

It is usual to differentiate between, on the one hanq, plants in which 
continuous sampling is possible at various important points and, on the 
other hand, mobile deviees, which are set up mainly on small watercourses, 
sewers, sewage outfalls, ~etc., for temporary sampling. 

The equipment should meet the following basic requirements. The 
sample must be representative of the water flow. In large watercourses, 
therefore, samples must be taken at various depths and at various points 
across the width of the stream. The construction of the intake piping and 
the pumps is very important in sampling. Centrifugai pumps usually dis
turb the floc structure of the water, and a sample that has passed through 
such a pump cannot give an accurate figure for the percentage of settleable 
solids. Displacement-type screw pumps have been found most satisfactory 
for sampling. The ideal sampling arrangement is one in which the sample 
is proportional to the quantity of water, but channels are then necessary so 
that the sampling pulses can be adjusted in accordance with the rate of flow. 
Sampling on a time basis is often considered satisfactory, the collector taking 
mixed samples over a period of 1 or 2 hours, for example. A mixture pro
portional to the quantity of water can then be prepared from the various 
samples, in accordance with the measured flow rate during this period. 
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INTRODUCTION 

In this section, examples are given of typical programmes in environ
mental health (sanitary) engineering in different areas of the world. They 
range from the predominantly undergraduate programmes of the Moscow 
Kuybisev Institute and the University of Valle, Colombia, through partly 
undergraduate and partly postgraduate programmes at Kyoto University 
in Japan, to the predominantly graduate courses at two universities in the 
USA. Almost ali of them are of a traditional nature, emphasizing public 
water supply and sewerage, with related courses in sanitary chemistry, 
sanitary biology, and epidemiology, and sorne emphasis on the general 
field of public health. 

The report of the WHO Expert Committee on the Education ofEngineers 
in Environmental Health 1 stresses the need for a new approach to sanitary 
engineering education, one in which more attention is paid to the resources 
approach utilizing systems analysis. This recommendation is based on the 
recognition that engineers must assume increasing responsibility for the 
social consequences of their work; with a growing world population, 
limited resources, and increased emphasis on the well-being of mankind, 
the sanitary engineer should be prepared either to assume a leadership role 
or to co-operate effectively in the modification, control, and adaptation of 
the total physical environment. This means that sanitary engineers should 
be prepared to use their analytical ability in developing environmental 
design programmes in a rational way. 

Evidence that this is happening is provided by the trend towards a 
" water quality management " approach at the University of California, 
the introduction of courses such as that on the planning of water resource 
systems at the University of North Caro lina, and the course in water resources 
development at the Asian Institute of Technology, Bangkok. These 
approaches will undoubtedly assume greater importance in the future, and 
concern for the quality of air, land, and water development will become 
increasingly important for the sanitary engineer of tomorrow. 

1 Wld Hlth Org. techn. Rep. Ser., 1967, No. 376. 
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ASIA 
ALL INDIA INSTITUTE OF HYGIENE 

AND PUBLIC HEALTH, CALCUTTA, INDIA * 

The Ail India Institute of Hygiene and Public Health in Calcutta was 
founded in 1932 to train medical officers of health. Since then, a number 
of courses have been added to meet the growing demand for specialists in 
the country. The Institute now has 9 sections, and draws its students not 
only from India but also from other areas of South-east Asia and from 
African countries. 

The sanitary engineering section was established in 1938, with a professor 
and a technical assistant. Research programmes were instituted and 
several studies were completed with satisfactory results. The growing 
interest in environmental sanitation in India necessitated increases in staff 
and extension of the training facilities. In 1948, a postgraduate course 
leading to the degree of Master of Engineering (Public Health)-M.E. 
(P.H.)-at Calcutta University was inaugurated. This was the first course 
of its kind anywhere in South-east Asia. In the same year a short course 
leading to a certificate in public health engineering was also established for 
engineering subordinates. The section was subsequently enlarged; the 
sanitary engineering laboratory was extended, and sanitary chemists and 
biologists were appointed to the staff to provide a proper balance for the 
programme. As field work was found to be extremely useful in the training 
of health personnel of ail categories, the Institute established an urban 
health centre in Calcutta and a rural health centre at Singur, a village about 
40 kilometres away. 

A research unit working on the problem of river pollution and indus trial 
waste disposai and another unit working on problems related to rural 
sanitation offer additional facilities for the training of the students in these 
major branches of environmental sanitation. 

The distribution of staff among the Institute's 9 sections is shown in 
Table 1. The teaching staff of the sanitary engineering section consists of 
a professor, an associate professor, 4 assistant professors and 6 technical 
assistants and demonstrators. They are assisted by a number of technicians 
and draughtsmen. Of the 4 assistant professors, one is a sanitary chemist 

* Based on information received from N. Majumder, Professor of Sanitary Engineering, Ail India 
Institute of Hygiene and Public Health, Calcutta, India. 
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TABLE 1. DISTRIBUTION OF STAFF, ALL INDIA INSTITUTE 
OF HYGIENE AND PUBLIC HEAL TH, CALCUTTA * 

Section Number 
of staff 

Public health administration 10 
Epidemlology 7 
Biochemistry and nutrition 13 
Maternity and child welfare 11 
Microblology 8 
Sanltary engineering 12 
Statistics 7 
Physlological and lndustriai hyglene 11 
Health education 5 

* The table does not in elude staff at the field centres or junior 
staff, such as techniclans, draughtsmen, and secretarlal staff. 

and one a sanitary biologist. The 6 junior teachers include 3 engineers. 
Ali senior members have completed their postgraduate training abroad. 

The rural research unit is headed by an engineer, who is assisted by a 
number of field workers. The head of the urban research unit, a chemist, 
is assisted by a number of chemists and biologists. Both centres have 
environmental sanitation wings headed by qualified public health engineers. 

The training of engineers is not confined to the sanitary engineering 
section of the Institute; ali the other sections participate, and students are 
weil grounded in public health in addition to acquiring knowledge of their 
own specialty. 

Bach year about 30 students enrol for the course leading to the M.E. 
(P.H.) degree of Calcutta University. 

In ali, 387 engineers have taken this course since its introduction in 1948. 
A number of other institutions in India are now offering postgraduate 
courses in public health engineering, and the increasing number of engineers 
desiring postgraduate training is evidence of the recognition of the speciality 
in recent years. 

The certificate course in public health engineering has elicited less 
response; in ali, 264 students have received this training. Although the 
students do not qualify as graduate engineers, those who complete the 
course are experienced engineering assistants. 

The Institute does not provide undergraduate training, although staff 
members are invited to a number of engineering institutions to deliver 
lectures to students in undergraduate courses. They are also called upon 
to offer refresher and orientation courses and seminars for different 
categories of health personnel, ali ofwhich are conducted at the postgraduate 
lev el. 

The course leading to the degree of M.E. (P.H.) is designed to train 
local engineers, so that the syllabus is greatly influenced by local require-
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ments. It offers a comprehensive training for Indian engineers and pre
pares them for the varied problems of environmental sanitation in the 
country. No elective subjects are offered; students receive an adequate back
ground in public health, and the multidisciplinary approach to problems 
is stressed. 

Water supply, the collection and disposai of waste water, and municipal 
and rural sanitation are the major subjects covered. A laboratory and 
lecture course in sanitary chemistry and biology is also included. The 
programme offered may be broadly divided into 2 categories-non-engineer
ing subjects and engineering subjects. The first group, which amounts to 
about 15% of the total, includes the elements of public health practice and 
social medicine, sanitary microbiology, physiological and industrial hygiene, 
communicable diseases, health education, and statistics. The second group 
consists of water supply, water purification, the collection and disposai of 
waste water, general sanitation (municipal and rural sanitation), sanitary 
chemistry and biology, hydraulics and hydraulic machinery, air pollution, 
and industrial hygiene engineering. A well-planned course in the design 
of public health engineering works is offered. Bach student is also required 
to prepare a term paper based on library studies and supplemented by field 
experience. The student presents the paper at a seminar attended by staff 
and students, and the discussions are often very lively. A special feature of 
the Institute programme is that supervised field training of one year's 
dura ti on is required on completion of the academie course, which terminates 
with an examination. 

The certificate course in public health engineering is intended for the 
training of engineering subordinates. The course is patterned on the 
M.E. (P.H.), except that the depth and coverage are rouch less. No term 
paper is required. Students undergo supervised field training for a period 
of 3 months after completion of the academie course. 

Research 

The sanitary engineering section, since its inception, has been actively 
engaged in research; teaching has been strengthened by these research 
activities. The problems of environmental sanitation in India are many and 
varied. In view of the financial resources available and the basic needs of 
the population, the studies have been directed to finding economie and 
efficient solutions to urgent problems. A few of the studies have required 
a multidisciplinary approach, and this has paid good dividends. Laboratory 
studies have been followed by pilot plant studies in many instances. A list 
of research studies successfully completed and those that are currently in 
progress is given below. The staff have contributed more than 125 articles 
to technical journals in India and elsewhere. 



116 EDUCATION OF ENVIRONMENTAL HEALTH ENGINEERS 

Period 

1940-43 
1941-42 
1943-44 

1943-45 
1946 
1947-53 

1948-50 
1949-53 

1950-53 
1951-54 
1951-56 
1951-60 

1956-59 

1957-60 
1958-59 
1960 

1960-61 
1961 
1962 

1963 

Researcb projects completed 

Subject 

Ground water pollution 

Field kit for disinfection of water 

Design of a compressed-air sprayer for anti-adult measures in malaria 
control 

Rural water standards 

Efficiency of settling tanks 

Environmental conditions in factories in and around Calcutta: jute mills; 
printing presses; glass works; textile mills; foundries; engineering work
shops; electric lamp works 

Pollution Joad of river Hooghly in the vicinity of Calcutta 

Study of oxygen requirement of fish fry and fingerlings under different 
conditions 

Effect of building materials on indoor thermal environment 

Survival of pathogens in night-soil compost 

Survival of helminthic ova in sewage treatment processes 

Survey of (a) sorne rivers near Dalmianagar and measures to mitigate the 
pollution of streams, ( b) Daha and Gomti ri vers in Uttar Pradesh 

Treatment of industrial wastes from rice mills, tanneries, distilleries, paper 
mills, sugar refineries 

Survey of industries discharging Iiquid wastes in Uttar Pradesh and North 
Bihar 

Survival of tubercle bacilli in sewage treatment processes 
Studies on rural water supplies in Bihar 

Performance of septic tanks 

Design of a pan and a trap for hand-flushed latrines 

Study of the factors limiting the Iife of tube-weil strainers 
Study of the different types of latrines used in rural areas in India 

Industrial waste disposai and water pollution research in Uttar Pradesh 

Investigation on sanitary condition of water of Kidderpore docks 

Studies on Strychnos potatorium seeds as a coagulant 
Survival of pathogens in night-soil compost from dug-welllatrines 
Studies on qualitative and quantitative analysis of refuse collected at Chetla 
Studies on treatment of rice-mill wastes 
Survey of industrial waste in West Bengal State 
Methods of treatment of industrial waste-both laboratory and pilot plant 

studies 
River pollution survey 
Studies on tube-weil strainers 

Studies on vitamin B12 assessment in certain wastes 
Studies on survival of pathogens in night-soil compost (Singur) 
Studies on the characteristics of household refuse (Chetla) 
Studies on protected water supply at Chetla 



1964 
1964-65 
1965 

1965-66 

1966 

EXAMPLES OF PROGRAMMES: ASIA 

Studies on the survival of pathogens in night-soil compost 

Studies on Strychnos potatorium as a coagulant aid 

Role of unfiltered water in relation to cholera 
Studies on fabrication of a portable dissolved oxygen analysis kit 

Studies on the qualitative and quantitative aspects of domestic refuse 
Chemical analysis of tube-well water samples 
Studies ~n efficiency of sterasyl filter 

Studies on domestic refuse at Chetla 

117 

1966 to date Assessment of environmental conditions inside the railway workshop at 
Kanchrapara 

Current research projects 

Reverse fil ters 
Thermal environment in industries 
Equilibrium of Fe++ and dissolved oxygen in water 
Continuous flow of activated sludge, using phenol bacteria 
Health aspect of the use of oxidation ponds for waste treatment 
Studies on the advantages of continuous dosing of digesters, with stirring by recirculation 

of gas 
lmproving the efficiency of digesters by changing the proportion of methane fermenters 

to acid formers by the enrichment technique 
lndustrial waste and stream pollution survey 
Laboratory-scale digestion of distillery waste 
Study on conditions for effective stabilization of predigested distillery waste 
Effect of chlorination of unfiltered water supply on enteric pathogens 
Survey of Chamba! river in Nagda region, Madhya Pradesh 
Qualitative and quantitative composition of refuse 
Geometry of la trine pits 
Stabilized soil-bricks and plates 
Manure pit study 
Rate of filling of dug-welllatrine pits 

ASIAN INSTITUTE OF TECHNOLOGY, BANGKOK, THAILAND * 

The Asian lnstitute of Technology (AIT) in Bangkok evolved from the 
SEATO Graduate School of Engineering as an autonomous regional 
institution of higher learning and research in engineering. It serves the 
South-east Asian region and its management is vested in an international 
Board of Trustees. The Institute offers programmes in hydraulic engineer
ing, public health engineering, soil mechanics, structural engineering, and 
transportation engineering. Sorne 150 students are enrolled, 11 of them in 
public health engineering. Up to the present, more than 175 students from 
China (Taiwan), India, Malaysia, Pakistan, the Philippines, and Thailand 
have received the Master of Engineering degree. 

• Based on information received from M. B. Pescod, Associate Professor of Public Health Engineering, 
Asian Institute of Technology, Bangkok, Thailand. 



118 EDUCATION OF ENVIRONMENTAL HEALTH ENGINEERS 

It is planned to introduce new subjects when the Institute moves to its 
permanent site, approximately 40 kilometres from Bangkok, in 1971. The 
introduction of doctoral programmes in the near future is envisaged, and 
it is hoped that, eventually, study and research in ali branches of engineering 
and science, as weil as closely-allied fields, will be offered. 

Public health engineering was introduced as a subject in June 1964. 
The programme of course-work and research leadihg to a Master of 

Engineering degree occupies a period of approximately 2 years, comprising 
4 semesters and the intervening summer session. A minimum of 30 
semester-credits together with a thesis is required for graduation. Most 
course-work is completed during the first year of study, leaving the re main der 
of the time available for concentration on a research project. The research 
project is considered an essential part of the course because it makes the 
greatest demands on the student's initiative. The ability to organize the 
logical investigation of a problem is fundamental to engineering training 
at the graduate level, and the research experience gained has proved an 
important element in the professional development of the students. 

The facilities in public health engineering at AIT include a sanitary 
chemistry and microbiology laboratory, a unit processes laboratory, an 
instrument room, a preparation and stock room, constant-temperature 
rooms, and a seminar room. General lecture rooms, a library, and other 
facilities are located at a convenient distance from the laboratory area. 
In addition to covered areas, free use is made of outdoor space for research 
where ambient conditions are required. The present laboratories are 
designed for a maximum of 18 students in each year. 

The international character of the Institute is reflected in its academie 
staff. The department of public health engineering has, at present, a staff 
of 2 full-time sanitary engineering prof essors (one British and one American) 
and 6 part-time professors or lecturers, ali of whom are Thaïs. The 
full-time staff administer the programme and share the main burden of 
advising on research projects. Laboratories are supervised by 2 co-ordi
nators, a graduate chemist and a graduate microbiologist; these assistants 
prepare for laboratory classes and give a certain amount of instruction. 
Two Institute graduates are employed as research associates and work on 
staff research projects. 

The number of full-time staff in public health engineering is not yet 
commensurate with the Institute's intended studentfstaff ratio of 6 to 1 but 
it is hoped to appoint a sanitary microbiologist and other permanent staff 
from Asian countries in the near future. 

Public health engineering graduates of the Institute are in great demand 
by government departments, consulting engineers, universities, and research 
organizations. Because of low remuneration, unfortunately, government 
departments are not always able to recruit as many graduates as they require. 
Moreover, the need for qualified public health engineers is not always 
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reflected in the demand, and this lack of awareness of the contribution that 
can be made by such individuals can best be corrected by encouragement 
and support from international organizations. Sorne countries, Malaysia 
for example, are introducing public health engineers into the Health Depart
ment on a trial basis. 

Programmes 

The wide range of courses offered at the lnstitute makes it necessary to 
advise each individual student on the particular subjects that correspond to 
his interests and needs. In public health engineering it is possible, by judi
cious selection of courses, to specialize in sanitary engineering, public health 
engineering, sanitary science, or water-resources engineering. The choice 
depends on the student's background and future plans and aspirations; at 
present, a Master of Engineering degree in public health engineering is con
ferred upon every successful candidate. The flexibility inherent in the 
system enables a student in public health engineering to take ancillary 
courses in structures, soils, or hydraulicb if his future career would benefit 
from such an arrangement. 

One of the important functions of the Institute is to promote short 
courses, summer institutes, seminars, and conferences, so as to bring the 
latest technological developments to the attention of practising engineers 
and scientists in the region. To supplement the extra-mural programme, 
it is intended to start diploma courses in each subject so as to provide the 
opportunity for practising engineers to bring their knowledge up to date 
without the need to carry out research for a higher degree. 

Courses 

The courses recommended for public health engineering students are 
listed in Table 2. It is from these courses that the student chooses his 
programme in consultation with his adviser. Essentially, the courses are 
arranged so that sanitary chemistry and microbiology, hydrology, and sorne 
public health engineering and tropical health are covered in the first semester. 
The theory of water supply and sewerage systems is offered in the second 
semester, together with applied biology, applied biochemistry, and advanced 
laboratory work. In the third semester, two project designs, normally 
covering water supply and treatment and sewerage, but which can be ar
ranged to suit the special interests of the student, are carried out. These 
projects represent the culmination of all the course-work, and it is here that 
the student encounters training in professional practice. Extra courses to 
suit the individual's preference are taken in the summer session and third 
semester, normally leaving the fourth semester exclusively for the comple
tion of research and writing a thesis. 
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TABLE 2. PUBLIC HEALTH ENGINEERING COU,RSES, 
ASIAN INSTITUTE OF TECHNOLOGY, BANGKOK 

Course 

1 

Semester 
credits 

Chemlstry of water and sewage 3 
Applied microbiology 3 
Applied biology 2 
Applied biochemistry 2 
Water supply and treatment 3 
Sewage disposai and treatment 3 
Public health engineering 1 2 
Public health engineering Il 2 
Tropical health 1 1 
Tropical health Il 2 
Advanced public health engineering laboratory 2 
Advanced public health engineering design 3 
Hydrology 1 3 
Hydrology Il 3 
Tidal and estuarlne hydraulics 2 
Irrigation and drainage engineering 3 
Water resource development 3 
Probability and statistics 2 
Computer programming 2 
Engineering experimentation 1 

As an integral part of the programme, graduate students are expected 
to attend seminars given by visiting lecturers, and to present a report on 
their thesis research at a seminar during the second year. Regular field 
trips are arranged to municipal and industrial treatment installations and 
to industrial plants that are of interest by reason of the wastes produced or 
because they include important unit processes. 

During his period of study at the Institute, a student takes 2 oral exami
nations which he must pass before being allowed to graduate. The first 
cornes at the end of the first year, after he has spent the summer session 
working on his thesis project, and is designed to assess his ability to under
take the proposed research. Students who fail are not allowed to continue 
with research, and do not gain the Master's degree, but are allowed to 
remain at the J nstitute un til the end of the third semes ter and take a full 
array of courses. At the end of the second year, when the final thesis draft 
is prepared, each student takes a comprehensive examination that covers his 
thesis research and includes general questions on course-work. This exa
mination is conducted by a thesis committee in the presence of a staff 
member. 

Since English is the medium of instruction at the Institute, and many 
students have only limited knowledge of this language, it has been found 
necessary to offer a 6-week intensive English course as a preliminary to the 
first semes ter. 

Now that more than 3 years' experience has been acquired, public health 
engineering has reached a stage of development where a reassessment of its 
curriculum is necessary. At present, discussions are taking place on the 
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modification of the courses so as to bring them more into line with the 
requirements of the students and the needs of the region. Based on the 
knowledge of the region and the research experience of the staff, it is believed 
that it is practicable to develop courses more specifically orientated towards 
the tropical environment. lt is clear that with an international staff, and 
the stimulus provided by visiting research workers, the courses offered will 
be in a constant state of flux. This should ensure that those aspects of a 
developing technology that are suitable for the purpose will be adapted for 
the benefit of the South-east Asian region. 

Research 

A major objective of the Institute is to stimulate the development of 
research in the region. Research is conducted by students and staff, and 
outside research workers are encouraged to work at the Institute. The 
research programme in public health engineering is specifically orientated 
towards those aspects of technology suited to the economie and environ
mental conditions of South east Asia. In many cases, local problems have 
been investigated, often in close co-operation with the local authority or 
industry; frequently, the results are applicable throughout the region. The 
main areas of current research are shown in Table 3. 

TABLE 3. RESEARCH PROJECTS IN PUBLIC HEAL TH ENGINEERING, 
ASIAN INSTITUTE OF TECHNOLOGY, BANGKOK 

Subject 
1 

Project 
1 

Status 

Water treatment Use of the tray aerator in the removal Under investigation 
of iron from Thal groundwaters 

Sludge production in alum coagulation Under investigation 
treatment of turbid tropical surface 
waters 

Two-layer filtration Thesis being written 
----------- --------------------- -------------

River pollution Photosynthetic oxygen production Under investigation 
in the Chao Phraya River 

Atmospheric re-aeration Under investigation 
of the Chao Phraya River 

Benthal oxygen demand of the Chao Under investigation 
Phraya River and Klongs of Bangkok 

Use of 30• C BOO ln Southeast Asia Under investigation 
----------- --------------------- -------------

Waste treatment A study of high-rate aerobic Under investigation 
stabilization ponds 

Effect of detention lime on stabilization Under investigation 
pond performance 

Environmental factors affecting algal Thesis being written 
growth in waste stabilization ponds 

Studies on high-rate anaerobie 
stabilization ponds 

Und er investigation 

Anaerobie treatment of tapioca-starch Under investigation 
waste 

Sludge dewatering on sand drying beds Under investigation 
----------- --------------------- -------------Sewerage Storm-water hydrograph for Bangkok Thesis being written 
----------- ---------------------- -------------

Solld wastes Composting of refuse and sewage Under investigation 
sludge 
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KYOTO UNIVERSITY, JAPAN * 

When Kyoto University was founded in 1897 it was composed of 
4 colleges, including a College of Science and Engineering. The Depart
ment of Sanitary Engineering was established in 1958, and now has divisions 
of water supply and sewerage engineering, environmental hygiene, radio
logical health engineering, plant and process engineering, industrial health 
engineering, and water quality engineering. 

The Department of Sanitary Engineering has a full-time teaching staff 
of 26, made up of 6 prof essors, 3 assistant prof essors, 1lecturer, 10 associate 
lecturers, and 6 assistant lecturers. There are also 5 part-time professors 
and lecturers. The number of undergraduate students in the Department 
increased from 20 in 1958 to 145 in 1967. During the same period the 
number of postgraduate students rose from 7 to 32. 

The programmes offered by the various divisions are as follows: 

Water supply and sewerage engineering: water collection and distribution, design criteria 
planning and design of water supply and sewerage works. 

Radiological health engineering: sanitary chemistry, radioactive wastes treatment and 
disposai, radiological engineering, municipal and industrial wastes disposai, and 
water pollution control. 

Environmental hygiene : effects of high and low temperatures, ventilation and air-condition
ing, radiation, illumination, ultraviolet radiation, atomic particles and ionizing 
radiations, noise, effects of barometric pressure, atmospheric pollution, and vibration. 

Plant and process engineering: unit operations and unit processes in sanitary engineering, 
process control and dynamics, process systems engineering and optimization, optimal 
environmental system planning. 

Water quality control engineering: water quality control, bases and applications to water 
supply, waste treatment and pollution control in natural streams. 

Industrial health engineering: sanitary biology, occupational diseases and their prevention, 
environmental comfort for the worker, human factors engineering and air environ
mental engineering, control of air temperature and humidity, abatement of air 
pollution, and design of equipment. 

Courses offered to undergraduates during the last 2 years of their 
studies are listed in Table 4. 

• Based on information received from Shigehisa Iwai, Professor of Sanitary Engineering, Kyoto 
University, Yoshida, Sakyo Ku, Kyoto City, Japan. 
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TABLE 4. UNDERGRADUATE COURSES IN SANITARY ENGINEERING, 
KYOTO UNIVERSITY, JAPAN 

Hours per week 

123 

No. Course 

1 

of units First Second 
semester semester 

Compulsory, third year: 
Engineering mathematics, Part 1 4 2 
Engineering mathematics, Part 2 2 1 
Engineering mechanics, Part 1 2 1 
Structural mechanlcs, Part 1, with seminar 6 3 
Structural mechanics, Part 2, wlth semlnar 6 3 
Hydraullcs, Part 1, with semlnar 2 4 3 
Soli mechanlcs 3 2 
Materials of construction 3 2 
Water quallty 2 1 
Sanitary chemlstry 2 1 
Sanitary biology 2 1 
Environmental hyglene 2 1 
Plant engineering, Part 1 2 1 
Surveylng, Part 1, with experlment 2 3 2 
Theory of planning ln civil engineering, 

4 2 with exerclse 
Planning ln civil engineering 2 2 2 
Design in civil engineering 4 2 
Construction methods 2 1 
Sanitary engineering laboratory, Part 1 9 3 
Engineering drawlng 3 1 

Compulsory, (ourth year: 
Water supply and sewerage engineering, 

wlth seminar 2 2 2 
Radlological engineering and laboratory 5 2 
Public health 2 1 2 
Plant engineering, Part 2 2 1 
Design and drawing in sanltary engineering 3 1 
Sanltary engineering laboratory, Part 2 6 2 
Special research 3 
Special training and practlce 

Optional, third year: a 

Engineering mechanics, Part 2 2 1 
Surveying, Part 2, wlth seminar 5 2 
Planning ln transportation and traffic 2 1 
Electronics, Part 1 2 1 

Optlonal, (ourth year : a 

Water quality engineering 2 1 
Air treatment engineering 2 1 
lndustrlal hygiene 2 1 
Municipal wastes disposai 2 1 
Process control 2 2 2 
Public health administration 2 1 
Concrete engineering 2 1 
Water resources engineering 

1 

2 1 
Town planning 2 1 
River engineering 2 1 2 
Hydraulics, Part 2 2 1 

a Students are requlred to take 14 units from the optlonal lists. 

Postgraduate study for the Master's degree in sanitary engineering lasts 
2 years. The courses offered are shown in Table 5. Students are required 
to take 30 units, including the " special experiments and seminar in sanitary 
engineering ". Sorne of the units may be made up by courses offered by 
other departments if special permission is obtained. 
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TABLE 5. COURSES FOR THE MASTER'S DEGREE IN SANITARY ENGINEERING, 
KYOTO UNIVERSITY, JAPAN 

Hours per week 

No. 

First 

1 

Second of units 
semester semester 

First year: 
Water supply and sewerage, advanced 2 2 
Water quality engineering, advanced 2 2 
Radiologlcal engineering, advanced 2 2 
Environmental hygiene, advanced 2 2 
lndustrial environment engineering 2 2 
Process system engineering 2 2 4 
Environmental chemistry 2 2 
Water pollution control 2 2 
Air pollution 2 2 
Special experiments and semlnar 

ln sanitary engineering, Part 1 12 12 8 

Second year: 
Water quantity and quality, management 2 2 
Human engineering 2 2 
Criteria for environ mental standards 2 2 
Envlronmental design and control 2 2 
Special experiments and seminar 

in sanitary engineering, Part 2 
1 

3 3 
' 

2 

Students for a doctoral degree in sanitary engineering are required to 
take courses totalling 20 units per year for a 3-year period. 

Research 

The research interests of the various divisions of the Department of 
Sanitary Engineering are as follows: 

Division of Water Works and Sewerage 

Storm sewer systems, retention and flooding 
Distribution networks, dynamic analysis and regulation 
Design and construction of water works and sewerage systems 
Design criteria for treatment systems using laboratory-computer simulation 
Separate water supply systems 
Selection of sewerage systems 
Water demand-marginal utility analysis 
Water quantity and quality 

Division of Radiological Health Engineering 

Collection, transportation, and mechanical incineration of municipal refuse 
Treatment of nightsoil 
The biological treatment of antibiotic wastes 
Treatment of phenolic wastes 
Convection and dispersion analysis by aerial photographs of tracers showing eftluent 

discharged in streams and the ocean 
A study of water pollution of littoral industrial areas 
lon-exchange treatment of radioactive iodine gas 
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Size distribution of small aerosol particles 
Use of radioactive tracers in the study of hydraulic problems and water treatment 

experiments 
Ground disposai of radioactive wastes 
Ocean disposai of radioactive wastes, with special reference to contamination of 

aquatic life 
Storage of radioactive liquid wastes in tanks packed with ion-exchange materials 
Studies on the removal of cesium by inorganic ion-exchange materials 

Division of Environmental Hygiene 

Measurement of air pollutants by gas chromatography 
Statistical analysis of stream pollution: 

Factor analysis of stream pollution of the Yodo River 
Time series analysis of stream pollution of the Yodo River 

Investigation of street noise due to traffic 
Investigation of the lighting conditions in schoolrooms 
Studies of air pollution due to automobile exhaust gases: 

Gas chromatographie analysis of the hydrocarbons in the air in highway tunnels 
Concentration of C1 - C6 hydrocarbons and sorne inorganic components in 

exhaust gases 
Gas chromatographie analysis of digestion gas and offensive compounds produced 

in the process of nightsoil treatment. 

Division of Plant and Process Engineering 

Fundamental studies on dynamics of unit operations 
Optimum decision of sanitary processes 
Optimum design of aeration and sedimentation tanks 
A methodology for optimum planning of sanitary engineering systems 
Optimum design and operation of chemical reaction systems 
Dynamic model identification of flow systems 
Design of computer control systems for air pollution 
Optimum design and operation for wet combustion of waste and sewage sludge 

Division of Water Quality Control Engineering 

Prediction and computation of water quality indices in natural water systems 
Diffusion and dispersion of materials in gravity flow 
Increasing the efficiency of sewage purification by the activated sludge process 
Basic studies on water recovery 
Comprehensive research on the functions of sewerage systems in East Osaka 
Basic study on microbial kinetics of activated sludge metabolism 
Extraction of materials from organic wastes: extraction from highly polluted organic 

wastes and sludges 
Study of high-speed filtration, e.g., the micro-floc system 

Division of Industrial Health Engineering 

Basic studies on removal of aerosols by scrubbers 
Control of sulfur dioxide 
Simultaneous heat and mass transfer in air-conditioning 
Treatment of sewage sludge by combustion process 
Study of diffusion parameters by statistical methods 
Effect on diffusion of air turbulence caused by surface roughness 
Fundamental study on air pollution based on topographical model experiments 
Studies on sound transmission through disturbed air flow 
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MOSCOW KUYBISEV INSTITUTE 
OF CIVIL ENGINEERING, USSR * 

The Moscow Kuybisev Institute of Civil Engineering, established in 
1921, now consists of the following departments, ali of which offer under
graduate courses: 

1. Civil and Industrial Construction 

2. Technology of Building Materials 

3. Hydrotechnical Construction 

4. Water Supply and Sewerage · 

5. Heating and Ventilation 

6. Town Planning 

7. Construction Machinery 

The student body of the Institute exceeds 10 000. Environmental 
health engineers are educated and trained in two faculties: Water Supply 
and Sewerage, and Heating and Ventilation. Candidates are eligible to 
apply for admission provided they have completed secondary school 
education and passed the competitive entrance examination. 

The Institute offers two types of course: (1) full-time day courses, 
lasting 5 years, and (2) evening courses for students who work during the 
day, lasting 6 years. 

Department of Water Supply and Sewerage 

At present, the total number of undergraduates in the Department of 
Water Supply and Sewerage is 1100; in 1967, the number of graduates 
was 147. The Department trains engineers to work in the field of the 
design, construction, and operation of water supply and sewerage systems 
and plants for communities and industrial enterprises. During the 5-year 
undergraduate course, students cover the following groups of subjects: 

(1) Basic courses, including advanced mathematics, physics, chemistry, 
theoretical mechanics, descriptive geometry, and social sciences (philosophy, 

• Based on information received from N. N. Abramov, Professor of Sanitary Engineering, Moscow 
Kuybi~ev Institute of Civil Engineering, Moscow, USSR. 

-126-
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history, political economy). One foreign language is required; a second 
language may be taken as an optional course. 

(2) Basic courses to provide the general technical background required 
by a civil engineer. These include strength of materials, structural 
mechanics, geology, topography, basic hydraulics, basic thermodynamics, 
electronics, building materials, soil mechanics, architecture, and machine 
design. 

(3) Special courses in water supply, sewerage, pumps and pumping plants, 
and plumbing. These include engineering hydrology and hydrotechnical 
construction, water chemistry, microbiology, structures, construction site 
management and supervision (including specifie operations in water supply 
and sewerage), economies of water supply and sewerage facilities, and 
operation of water and waste-water works. 

The curriculum also offers courses in the fundamentals of automation, 
the automation of industrial processes, and computing techniques in 
engineering calculations and estimating. 

Students take examina ti ons in ali the subjects; during the course of 
instruction they carry out assignments, design work, and laboratory work, 
and prepare term papers in ali the special subjects. 

In water supply and sewerage, water chemistry, and microbiology, 
students carry out a detailed study of the properties of untreated waters, 
the quality requirements for potable water (sanitary standards in particular), 
and methods of water disinfection. They study methods of waste-water 
treatment, intake structures, water storage reservoirs, and methods for the 
control of pollution in natural water-sheds. They become familiar with 
the Sanitary Codes of the USSR, which go vern the design and operation of 
water supply and sewerage systems. 

During the course, undergraduates undergo practical training in the 
operation and maintenance of water supply and waste-water treatment 
plants. They must complete a practical training course in the Institute, 
spread over 2 semesters, and a practical training course in industry spread 
over 3 semesters, making a total of 36 weeks devoted to practical training. 

The 5-year course terminates with a diploma project, the entire final 
semester usually being devoted to its preparation. The diploma project is 
an advanced engineering task and has as its subject the design of the water
supply and sewerage system for a town (community) together with an 
industrial undertaking, or the system for a large industrial complex with a 
community located nearby. The undergraduate is expected to demonstrate 
his ability to solve ali the problems that he would face in a real project. 
Thus in community water supply, he must demonstrate his ability to design 
a water supply system, choose the location for ali mains and distribution 
lines, and perform the calculations for the system and the associated 
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installations (water intake, pumping plants, water treatment plants, 
reservoirs, etc.). 

In the project in industrial water supply, the undergraduate solves the 
specifie problems associated with recirculation systems, cooling equipment 
and special water treatment for industrial needs. The project must include 
a number of drawings and a detailed introductory note with the necessary 
calculations, descriptions and economie analysis of the design, and an 
estimate of costs. The project should also cover the question of sanitary 
protection zones for the area concerned. 

In the design project in sewerage, the undergraduate must demonstrate 
his ability to estimate the quantity of sewage to be dealt with and to design 
the sewer system, including its profile; he is expected to be able to determine 
the location of pumping stations, and to design pumping stations, siphons, 
and pressure lines. The student is expected to design effiuent-treatment 
plants (for communities or industrial enterprises) and sewage outfalls. 

The diploma project is carried out under the guidance of a specially 
appointed scientific adviser (professor or lecturer). When the diploma 
project is completed, it is reviewed by an outside specialist; if he is satisfied 
with it, the undergraduate must defend it before a State Examination 
Board. Those who successfully complete their undergraduate courses are 
granted the diploma of engineer in their given specialty. 

In view of the great importance of the further development of water 
treatment methods and measures for the control of water pollution, the 
Ministry of Higher Education of the USSR introduced, in 1965, a new 
specialty for sanitary engineers, namely treatment technology for natural 
and waste waters. This new specialty has been introduced at the Moscow 
Kuybisev Institute of Civil Engineering. Its aim is to train engineers who 
are specially qualified in the field of water chemistry and treatment tech
nology. Graduates in this specialty are granted the diploma of engineer
technologist, and are assigned to work in large organizations engaged in 
designing water and sewage treatment plants, or work as managers of large 
treatment plants. The curriculum includes subjects of a basic scientific 
nature as well as detailed courses in general chemistry, inorganic chemistry, 
organic chemistry, analytical chemistry, physical chemistry, and micro
biology. The principal specialized subjects are natural water treatment 
technology and waste-water treatment technology. In each of the subjects 
the undergraduate is expected to submit two course design projects. In 
addition, undergraduates are offered advanced instruction in water supply 
and sewerage systems; with this in mind, the curriculum includes courses in 
water supply systems and plants, sewerage systems and plants, pumps, 
pumping stations, mechanical equipment of water supply and sewerage 
plants, the management and supervision of water supply, and engineering 
economies. The time devoted to instruction in basic technical subjects is 
reduced somewhat at the expense of the general courses in strength of 
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materials and design. The course of study for this specialty lasts 5 
years. 

Graduates are expected to complete and defend either a diploma project 
(the design of a large, complex water or sewage treatment plant for a public 
utility or industry) or a diploma paper (research in the further development 
of technological processes of water and sewage treatment). 

The Water Supply and Sewerage Department offers a 3-year postgraduate 
wurse for the training of scientific personnel in research and teaching. 
Participants are selected from those graduates who have had sorne practical 
experience and who have passed competitive entrance examinations. Bach 
postgraduate student is allotted one of the faculty professors as his super
visor. During the course, the student is expected to take his Candidate 
examination in his specialty, a foreign language, and philosophy, and to 
write a dissertation to be defended before a Faculty Scientific Council. 
The Candidate's degree is the highest scientific degree in the system ofhigher 
education in the USSR. At present the Water Supply and Sewerage 
Department has a total of 25 postgraduate students. 

Research 

The Department is engaged in systematic research work in which ali 
prof essors and teaching staff participa te. Part of the research is carried out 
on a State budget, but a considerable portion is done under contract with 
industry or construction agencies. In order to carry out such contract 
research, which is financed by the customer, the Department has the right 
to employ outside personnel ( engineers, technicians, labo ra tory assistants); 
the total number of such staff is now 81, sorne 45 of whom are engaged in 
work carried out on contract only. 

Research in the field of water supply is concerned with the improvement 
of methods ofwater treatment in industrial recirculation systems, the devel
opment of desalination processes, the further development of water treat
ment for thermal power stations, the further development of methods to 
increase groundwater supplies, the improvement of calculating techniques 
for water supply networks (using computers), and the improvement of butt 
joints for water pipes of varions materials. 

As far as sewerage is concerned, extensive research is being carried out 
on the further development of the biological treatment of municipal sewage, 
the hydraulics of purification plants, and the development of reliable new 
methods for effluent treatment for petrochemical plants, textile factories, 
and light industries. 

Investigations have been carried out on aeration tanks with separate 
sludge regeneration, etc. A good deal of research has been done on the 
biological treatment of waters contaminated with oil, on problems of 
bleaching waste waters containing pigments by ozonation, etc. The Depart-

9 
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ment bas laboratories at its disposai for purposes of research, and it can also 
make use of the la bora tories of the undertakings with which it co-operates. 
Experimental work is conducted either on the site or in pilot plants. 

Department of Heating and Ventilation 

This is the second Department of the Institute which trains sanitary 
engineers; the total number of undergraduates at the present time is 1000· 
The number of graduates in 1967 was 200. The Department trains special
ists to work in the field of the design, construction, and operation of beat 
generation, heating and ventilation and air-conditioning systems, for com
munities and industry. After receiving their diploma, graduates work in 
the design, construction, or maintenance of operating systems or carry out 
research at research institutes. 

As far as basic scientific and technical subjects are concerned, the curri
culum is almost the same as that of the Department of Water Supply and 
Sewerage-there are slight differences in the number of hours allotted to 
sorne subjects. 

The principal subjects covered by the specialized course are heating, 
ventilation, air-conditioning, and beat generation. The fundamentals of the 
subject are covered in courses on thermodynamics, heat transfer, hydraulics, 
and aerodynamics. 

The curriculum also offers a number of special courses, as follows: 
thermodynamics, hydraulic machines, cooling installations, water supply and 
sewerage, principles of automation, automation of heating and ventilating 
systems, and safety engineering. 

Undergraduates are required to carry out term projects in ali of the 
subjects of the specialized course; they are expected to complete 4 design 
projects in heating, ventilation, and air conditioning. There are frequent 
checks on progress during the year by means of tests and oral examinations; 
students complete a large number of home assignments as weil as laboratory 
work. Apart from the above-mentioned specialized courses, undergradu
ates carry out detailed studies of the sanitary and hygienic requirements of 
heating and ventilation systems. 

Undergraduates are given ali the necessary information on the atmos
pheric requirements for industrial areas and towns, and the problem of 
creating satisfactory hygienic conditions for workers in industry; they also 
study the problems of the control of gaseous effluents, and their purification, 
discharge, and disposai; the problems of the pneumatic transportation of 
materials used in industry; and methods of management and supervision of 
heat generation and ventilation systems. 

During the course, undergraduates undergo practical training during 
2 semesters, followed by practical training in industry for 3 semesters. The 
entire final semester is spent on the diploma project. The diploma project 
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consists of the design of the heat generation, ventilation, heating, and air
conditioning system for a large public enterprise or an industrial establish
ment. The project must be defended before a State Examination Board. 

The Department also offers a postgraduate course; the total number of 
postgraduate students is now 30. 

Research 

The teaching staff of the Department are engaged in systematic research; 
the principal subjects are thermodynamics, the thermal regime of buildings, 
protective deviees against heat and humidity, and the microclimate of pre
mises. They carry out research on the control of industrial gaseous effluents 
and on modern systems of industrial ventilation and heating, as weil as 
investigations on the further development of ventilation and heating systems 
for agricultural buildings. 

UNIVERSITY OF NAPLES, ITALY * 

The University of Naples was founded on 5 June 1223 by decree of 
King Frederick II of Swabia; togetherwith Bologna (1080) and Paris (Sor
bonne, 12th century), therefore, Naples is one of the oldest universities in 
the world. 

A document dated August 1564 contains regulations concerning the 
profession of engineering in the Kingdom of Naples; numerous decrees and 
regulations, mainly concerning military engineers, were promulgated sub
sequently. Other engineers, whose specifie duties were mentioned in the 
municipal documents of Naples towards the end of the 16th century, were 
" town engineers ". 

Un til the School of Engineering was founded, the training of non-military 
engineers involved attendance at the course of mathematics at the Univer
sity, followed by the practice of engineering under the supervision of a 
skilled engineer. The present Faculty of Engineering has developed from 
the " School of Instruction for the Corps of Engineers of Bridges and 
Roads ", founded in 1811 on the model of the School of this name in Paris, 
to train engineers to take responsibility for water supply, drainage, and 
other hydraulic works. 

At the present time, the Faculty of Engineering grants degrees in: 
Civil engineering (subdivided into construction, hydraulics, and roads 

and transportation) 
Mechanical engineering 
Electrical engineering 

• Based on information received from Luigi Mendia, Director, Sanitary Engineering Centre, University 
of Naples, Italy. 
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Aeronautical engineering 
Chemical engineering 
Electronic engineering 
Naval and mechanical engineering 
Each course lasts 5 years, subdivided into a 2-year preliminary course and 

a 3-year course. The subjects covered in the first 2 years are common to 
ali degree courses (with certain exceptions). Students of civil engineering 
(hydraulics section) take a compulsory course in sanitary engineering and 
water supply and sewerage during their fifth year. 

The chair in sanitary engineering, established in 1956, is held by a pro
fessor, who is appointed biennially by the Ministry of Public Instruction on 
the recommendation of the Faculty of Engineering to the Dean of the 
University. The average number of students taking the undergraduate 
course is 20. 

The subjects taken in this course include: 

Principles of biology, bacteriology and parasitology 
General and organic chemistry 
Raw water quality 
Drinking water quality, criteria and standards 
Water treatment principles 
Softening processes 
Clarification 
Iron and manganese removal 
Demineralization 
Disinfection (principles and practice) 
Sewage disposai problems 
Waste-water characteristics 
Self-purification of streams 
Preliminary treatment of sewage 
Secondary treatment of sewage 
Sludge disposai and treatment 
Sewage chlorination 
lndustrial wastes disposai 
Industrial wastes characteristics and methods of disposai 
Refuse collection and methods of treatment 
Mixed treatment of domestic sewage and garbage 
The problem of atmospheric pollution 
Air composition 
Atmospheric pollution abatement methods 

A graduate engineer qualifies as a doctor of engineering; in order to 
practise, it is necessary to pass a further qualifying examination. 

Italian universities provide few postgraduate courses in engineering, but 
a course in sanitary engineering is offered by the Faculty of Engineering of 
the University of Naples. 

Activity in the field of sanitary engineering was initiated by the Institute 
of Hydraulics and Hydraulic Construction. According to Italian tradition, 
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each faculty of the University is subdivided into a certain number of 
" institutes " that constitute administrative and cultural entities having a 
certain limited autonomy. The lnstitute of Hydraulics and Hydraulic 
Construction consists of the following Divisions: 

Hydraulics (including advanced hydraulics) 
Hydraulic Construction (including land sanitation and irrigation, maritime construc

tion, hydroelectric plants) 
Water Supply and Sewerage (including sanitary engineering) 

The Division of Water Supply and Sewerage contains the postgraduate 
School of Sanitary Engineering and the Centre for Research and Studies in 
Sanitary Engineering. 

Postgraduate School of Sanitary Engineering 

The classrooms, laboratories and secretariat of the School are located 
in the Institute of Water Supply and Sewerage, a very modern building 
which came into use in October 1967. For theoretical work, two classrooms 
are available, one for 20 and one for 50 students, both equipped with slide 
projectors; there are also facilities for 16mm sound motion pictures. For 
drawing work, a large, well-lighted classroom (7m x 12m) is available; each 
student has his own table, and there is space for 30 students to work at the 
same time. 

A sanitary chemistry and water biology laboratory (8m x 12m) is 
available and can take 25 students. Analytical balances, as weil as other 
analytical instruments (spectrophotometer, colorimeter, pH meter, etc.), 
are located in 2 rooms connected to the main laboratory. An outside 
laboratory (4m x 10m), equipped with pilot plants, is used for practical 
demonstrations in water and sewage treatment. Sewage is piped directly 
from the municipal sewerage system and used to supply the sewage treatment 
pilot plants. 

The staff of the School is made up of prof essors and assistant prof essors 
attached to the University of Naples and visiting professors from other 
Italian universities or government agencies. Ail staff members are part-time. 
Professors (who teach fundamental subjects) are appointed annuaily by the 
Dean of the University of Naples, on the recommendation of members of 
the Faculty of Engineering; lecturers, visiting lecturers, and assistants are 
invited directly by the Director of the School. There are 16 professors; 
the number of visiting and assistant professors varies from 8 to 12. 

A total of 125 engineers have obtained the postgraduate diploma in 
sanitary engineering since 1957. The postgraduate course is open only to 
graduate engineers. The fundamental and special subjects for the post
graduate course include: 
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Fundamental subjects 

Principles of biology, microbiology, parasitology and epidemiology 
Hydraulics and hydrology 
Geology and soil mechanics 
Chemistry and biochemistry of water and sewage 
Water supply and sewerage systems 
Treatment of water, sewage and industriai wastes (with design methods) 
Industrial hygiene 
Environmentai sanitation 
Heating and air conditioning 

Statistics 
Air pollution 
Refrigeration 
Refuse disposai systems 
Radioactive wastes disposai 
Rural hygiene 
Tropical hygiene 
Food hygiene 
Bacteriology 
Swimming pools 
Corrosion 
Plumbing 

Researcb 

Special subjects 

In order to develop studies and research in the field of environmental 
sanitation, a Sanitary Engineering Centre has been organized in the Institute 
of Water Supply and Sewerage. The staff of the Centre consists of the 
Professor of Sanitary Engineering (the Director of the Centre), assistant 
professors, and other scientists and technicians, who collaborate in various 
items of research. 

The Centre makes use of ali the laboratories of the Institute of Water 
Supply and Sewerage; a specialized library and a research laboratory have 
also been provided. The Centre participates and co-operates in the most 
important national and municipal activities in the field of environmental 
sanitation. Special emphasis has been given to the electrochemical treat
ment of sewage and the chlorination of sea-water used as cooling water. 



LATIN AMERICA 
UNIVERSITY OF SÂO PAULO, BRAZIL * 

The University of Sào Paulo, founded by the State of Sào Paulo in 1934, 
now has 15 000 students and 17 schools or colleges. The School of Hygiene 
and Public Health had its origin in the Laboratory of Hygiene, founded in 
1918. 

The first postgraduate course in sanitary engineering outside the USA 
was organized in Sào Paulo in 1948-49. This programme was made 
possible by co-operation between the School of Hygiene and the Polytechnic 
School. At that time, the Engineering School appointed 3 of its prof essors 
to the new teaching staff in public health engineering. 

The present buildings of the School of Hygiene and Public Health have 
a total area of sorne 10 000 m2, including the auditorium, library, labora
tories, class-rooms, research facilities, offices for staff and administrative 
personnel, etc. The library has one of the most complete collections of 
publications in the field of public health, with more than 50 000 volumes. 

The School has the following departments: 

Applied statistics 
Applied microbiology 
Epidemiology 
Nutrition 
lndustrial hygiene 

Parasitology and rural hygiene 
Sanitation (sanitary engineering) 
Child and maternai hygiene 
Public health administration 
Communicable diseases 

The Department of Sanitation covers 3 main fields, for each of which 
there is a full professor: (a) environmental sanitation (principles of general 
sanitation); (b) water supply and sewerage; (c) water and waste-water 
treatment. Sanitary chemistry may be considered as a fourth field. The 
Department occupies an en tire ftoor of a new building, and has the following 
facilities: 

Administrative offices 
Departmentallibrary 
Special room for seminars 
Special room for graphie reproduction, copying and duplication 
Visual aids (motion pictures, film strips and slides) 

• Based on information received from J. M. de Azevedo Netto, Professor of Sanitary Engineering, 
Faculty of Hygiene and Public Health, University of Sào Paulo, Brazil. 
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Chemicallaboratory 
Speciallaboratory (plumbing and piping) 
Conference room 
3 offices for professors 
3 offices for assistant professors and instructors. 

The staff of the School of Hygiene and Public Health comprises 
98 professors, assistant professors, and instructors, of whom 43 work 
full-time, as shown in Table 6. 

TABLE 6. TEACHING STAFF, SCHOOL OF HYGIENE AND PUBLIC HEAL TH, 
UNIVERSITY OF SAO PAULO 

No. of staff 

Department Full-time 
1 

Part-ti me 
1 

Total 

Applied Statistics 9 5 14 
Microbiology 5 2 7 
Epidemiology 3 - 3 
Nutrition 6 3 9 
lndustrial hygiene 1 2 3 
Parasitology 5 4 9 
Sanitary engineering 1 12 13 
Child and maternai hyglene - 10 10 
Public health administration 12. 10 22 
Communicable diseases 1 7 8 

Total 
1 

43 1 55 
1 

98 
1 1 

Most of the courses given at the School are for graduate students 
working for the master's and doctoral degrees. The School also offers a 
few courses for undergraduates. The Master's degree is given on comple
tion of a minimum of 900 class-hours. The Doctor of Public Health degree 
is awarded to graduate students holding a Master's degree, after completion 
of research work and special studies and the preparation of a satisfactory 
thesis. 

The total number of students at the School in 1967 was 1180, of whom 
166 were following postgraduate courses and 32 were studying sanitary 
engineering. The School has students from 19 American countries and 
from Portugal and Africa. 

The courses offered in the sanitary engineering programme are as 
follows: 

Basic compulsory courses 

Sanitary administration .. 
Environmental sanitation . 
Water supply and sewerage . 
Water and waste water treatment 

Glass-hours 

62 
70 

111 
102 
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Sanitary chemistry 
Parasitology . . . 
Applied statistics . 
Applied microbiology 
Epidemiology . . . . 
Applied social sciences . 

Optional courses 

Statistics and sampling . 
Vital statistics 
Mathematical statistics . 
Food technology . . . 
Industrial hygiene . . . 
Heating and ventilation 
Aquatic biology . . . . 
Environmental sanitation (special problems). 
Land planning and sanitation . 
Water supply and sewerage . 
Hydrology ........ . 
Plumbing ........ . 
Water and waste water treatment: 

special problems . . . . . . . 
design of water treatment plants . 

Advanced courses in public health administration 
Social sciences research methodology 
Problems of health education 
Audio-visual techniques (laboratory) . 

Class-hours 

121 
32 

103 
61 
36 
54 

28 
45 

137 

(severa! courses) 
28 
57 
35 
55 
58 
41 
40 
45 
19 

29 
16 

(severa! courses) 
44 
40 
28 

The School also provides a number of short courses, including a corres
pondence course on water supply. 

Research 

The School of Hygiene and Public Health encourages and sponsors 
research. This is carried out by the staff and by gradua te students, particu
larly those working for the doctor's degree. 

The following research projects have been completed in the field of 
sanitary engineering: 

10 

Ground water and deep wells 
Biological processes for waste treatment 
Water filtration 
Sewage (sludge) gas and its uses 
Flow estimates in water distribution systems 
Land planning and sanitation 
Occurrence of hard water in the State of Sâo Paulo 
Fluorine content of public water supplies 
Microbiology of water pollution. 
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UNIVERSITY OF VALLE, CALI, COLOMBIA * 

The University of Valle has expanded rapidly since it was established in 
1945, and by 1967 had sorne 4400 students and a staff of 450, and offered 
33 different specialty degrees. 

Various reasons led the University to establish its undergraduate 
programme in sanitary engineering in 1961. Previously, in Colombia, 
civil or other graduate engineers were sent abroad for specialization, so 
that 7-8 years of unversity study, in ali, were required to train a sanitary 
engineer. Basic preparation in chemistry and biology was often deficient. 
Surveys made in 1960 showed that Colombia needed 414 sanitary engineers, 
that 32 were available through specialization abroad, and that of these only 
19 were actually engaged in the practice of sanitary engineering. Com
munity studies on architecture and medicine emphasized the need for 
sanitary engineers to form part of the team providing health services in 
Colombia. It was felt that the University could provide the necessary 
basic preparation for courses in sanitary engineering, give professional 
instruction to the student in his own language and in his own environment, 
and provide Colombia with sanitary engineers after a course of training 
lasting 6 years. 

The growth of the programme in sanitary engineering is shown in 
Table 7. 

TABLE 7. STAFF AND STUDENTS PARTICIPATING IN THE PROGRAMME 
IN SANITARY ENGINEERING, UNIVERSITY OF VALLE, COLOMBIA, 1961-1967 

1 

1961 
1 

1962 
1 

1963 
1 

1964 
1 

1965 
1 

1966 
1 

1967 

Students, full-tlme 40 57 88 129 113 129 129 

Staff, full-time 3 4 4 5 9 8 9 

Staff, part-tlme 1 1 1 1 1 2 3 

The organization of the staff is unique to the University of Valle: ali 
professional courses are taught by a team rather than by a single person. 
ln design, for example, three full-time prof essors attend each class; one of 
them lectures and the other two are available to comment and to answer 
and formulate questions. Ali participate in grading exercises and in criti
cizing design plans. When a particular item is discussed in which one of 
the three has more experience, he is responsible for the presentation. The 
internai organization of the programme in sanitary engineering is shown in 
Table 8. 

• Based on information received from R. Delmar Gutiérrez, Associate Dean for Sanitary Engineering; 
D. Luciano Peiia, Professor of Sanitary Engineering; and Patrick N. Owens, Visiting Professor of Sanitary 
Engineering, University of Valle, Cali, Colombia. 
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TABLE 8. DISTRIBUTION OF STAFF, PROGRAMME IN SANITARY ENGINEERING, 
UNIVERSITY OF VALLE, COLOMBIA, 1967 

Staff 

Subject 
Full-tlme 

1 
Part-ti me 

Administration 1 1 
Environmental sanltation 1 1 
Treatment processes 2 -
Design 3 1 
Sanltary chemlstry and microbiology 2 -

Total 9 3 

In June 1967, the first group of 8 students graduated. Of these, 4 are 
employed in engineering design, 2 in operation and administration of 
sanitary works, and 1 in public health; the other is doing advanced study 
abroad and will return to join the staff. A similar number is expected to 
graduate during the next few years, rising to approximately 20 graduates 
per year within the next 5 years. 

The sanitary engineering programme has access to a wide variety of 
specialized facilities throughout the University. For its own purposes, it 
has well-equipped teaching and research laboratories in sanitary chemistry, 
sanitary microbiology, and treatment processes. Design and construction 
of special equipment is carried out by the machine and electrical shops of 
the Division of Engineering. 

The programme of studies is designed to prepare students for profes
sional service in either the public works or public health aspects of sanitary 
enginèering. Thus the programme provides, in addition to the series of 
courses necessary for the engineering design of sanitary works, a further 
series in biology, public health, and sanitation which provides further 
background information as to the " why and how " of design and operation, 
as weil as qualifying the student to enter public health work immediately 
upon graduation. A further series of 3 courses in regional and urban 
planning and public administration and finance is intended to prepare the 
student not only for work in public health or design but also for the broader 
aspects of water resources development, although limitations of time clearly 
preclude thorough consideration of these aspects at the undergraduate level. 

Within the Division of Engineering, ali professional programmes are 
the same during the first 4 semesters. Specialization begins during the 
fifth semester, although the majority of courses called "engineering 
sciences " are common to ali branches. In the sanitary engineering 
programme, there are 12 semesters of academie work, with a total of 
294 semester-hours of study, as shown in Table 9. 

The engineering sciences and engineering techniques, taught outside the 
Sanitary Engineering Division, include mechanics, strength of materials, 
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TABLE 9. PROGRAMME IN SANITARY ENGINEERING 
UNIVERSITY OF VALLE, COLOMBIA 

Subject 

1 

Semester-

1 

Percentage 
hours a of total 

Basic sciences 67 22.8 
Humanities, languages 29 9.8 
Social sciences 15 5.1 
Engineering sciences 69 23.5 
Engineering techniques 27 9.2 
Sanitary engineering 87 29.6 

a One semester-hour is equivalent to one hour of study per week for one semester. 

engineering materials, surveying (2 semesters), fluid mechanics, hydraulic 
structures, applied hydraulics, hydrology, geology-soil mechanics, construc
tion methods, city planning, regional planning, and public administration 
and finance. 

The sanitary engineering subjects include aquatic biology, parasitology 
and entomology, biostatistics and epidemiology, sanitary chemistry (2 semes
ters), sanitary microbiology, environmental sanitation (2 semesters), water 
and sewerage systems (2 semesters), treatment processes (2 semesters), plant 
design, plumbing, and industrial hygiene. The student also writes a 
research thesis or engages in professional practice. The first 3 courses in 
this list are taught by other units of the University. 

Research 

The research interests of the staff are directed primarily towards the 
application and adaptation of known techniques to the Colombian environ
ment. In 1963, with the co-operation of Tulane University, USA, a long
term study of the contamination of the Cauca and Cali Rivers was begun, 
to provide a baseline for the improvement of discharges into these streams. 
This study is still continuing. In 1966, a study was undertaken for the 
public utilities corporation of Cali to determine the quantity and composi
tion of industrial wastes discharged into the Cali sewerage system. The 
University is also to draw up a recommended sewerage code for Cali. In 
connexion with the same project, a number of laboratory-scale investigations 
have been carried out to study the most appropriate treatment techniques 
for a number of industrial wastes. 

In 1967, in co-operation with the Colombian Agricultural Institute, 
designs were prepared for experimental oxidation lagoons to be installed 
on the 9 experimental farms which the Institute maintains throughout 
Colombia. This study is intended to provide design criteria for full-scale 
lagoons. Since the experimental farms are located at elevations ranging 
from sea level to 2600 rn and in a variety of climatic conditions, it is expected 
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that the information derived from the study will be of use to the entire 
country. 

The staff also participa tes, with other units of the Division of Engineering, 
in research on the analysis and improvement of the systems employed in 
the University Hospital, and in a programme of operations research to 
determine the optimum system of health care for the State. 

In addition, the programme provides routine analytical services for the 
community, and provides a number of local industries with consultant 
services in boiler feed-water control. The staff has adapted standard 
sanitary engineering textbooks to the conditions of the Colombian environ
ment and engineering practice. In 1967, the first in a series of short courses 
for practising engineers was given, in co-operation with the Pan American 
Health Organization. 



UNITED STATES OF AMERICA 

UNIVERSITY OF CALIFORNIA, BERKELEY * 

Soon after the foundation of the University of California in 1868, a 
College of Civil Engineering was established and made major contributions 
to the development of the new State of California. Sanitary engineering 
was first taught as a specialty in the early years of this century, and became 
a graduate subject after the Second World War. The environmental 
health engineering programme expanded rapidly from this time on. New 
appointments were made in the fields of radiological health, air resources, 
industrial hygiene, and environmental biology, as weil as in the historie 
field of water supply, waste-water management, and water resources. New 
premises were built, and in 1951 the Sanitary Engineering Research 
Laboratory was created at the engineering field station at Richmond to 
provide facilities for research by graduate students and professors in sanitary 
engineering and the environmental health sciences. By 1967, this Labora
tory bad more than 1800 m2 of research space, together with numerous 
outdoor installations, including a sewage pumping station, a sewage treat
ment plant, oxidation ponds, and a ground recharge field with 27 wells. In 
the same year sorne 15 staff members, 40 graduate students and 30 profes
sional research workers were engaged in the laboratory in 32 research 
projects costing nearly one million dollars. Between 1947 and 1960, the 
scope of the graduate programme was expanded to include 4 new degrees 
in sanitary engineering and 4 in the environmental health sciences. 

The environmental health engineering programme at Berkeley is divided 
between the Division of Hydraulic and Sanitary Engineering in the College 
of Engineering and the Division of Environmental Health Sciences in the 
School of Public Health, and this makes it difficult to determine the number 
of staff associated strictly with environmental engineering as such. 

Moreover, the staff divide their time between environmental health 
engineering and other aspects of the work of their divisions. It is estimated 
that the total teaching time devoted to environmental health engineering 
represents about 10 full-time teaching posts. 

The programmes offered by the Division of Hydraulic and Sanitary 
Engineering are at the graduate level only and are designated as hydraulic 
engineering, sanitary engineering, and water resources engineering. The 

* Based on information received from P. H. McGauhey, Director, Sanitary Engineering Researcb 
Laboratory, College of Engineering, University of California, Berkeley, Calif., USA. 
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students in the graduate sanitary engineering programme now total 50, 
comprising 25 at the master's level and 25 at the doctorallevel. In addition 
to graduate education, 5 compulsory civil engineering courses for under
graduates are offered as follows: 

(1) Elementary fluid mechanics 
(2) Elementary fluid mechanics for civil engineers 
(3) Basic hydraulic laboratory 
(4) Water and waste-water engineering 
(5) Water and waste-water treatment 

The annual undergraduate enrolment in these courses is approximately 90. 
The hydraulics courses are compulsory for those wishing to take courses 
(4) and (5). 

The programmes offered by the Division of Environmental Health 
Sciences are all at gradua te level; there are no undergraduate programmes 
in the School of Public Health. The environmental health programmes 
include environmental biology, public health engineering, industrial hygiene 
(both from the medical and engineering stand points), air pollution, and envi
ronmental health, the latter programme serving principally what is now the 
engineeringfsanitary-science group. The average number of students of 
environmental engineering is about 10. Certain of the courses offered by 
the Division, however, such as the course on the microbiology ofwater and 
waste water, are required by all students taking the sanitary engineering 
programme, while others, such as the course on environmental health 
sciences, are required by all students in the School who are enrolled for the 
Master of Public Health degree programme. 

In discussing the programmes offered within the broad field of environ
mental health engineering, it is necessary to consider the programmes in the 
College of Engineering and in the School of Public Health as separate to 
sorne extent, but also as having many interconnexions. As a general rule, 
a majority of the engineering and physical science courses are offered by 
the College of Engineering, while the biological, medical, and public health 
courses are offered by the School of Public Health. A Ph.D. student in 
either programme may, however, elect a minor subject in the other. 

College of engineering 

Environmental engineering in the Division of Hydraulic and Sanitary 
Engineering at the Master of Science (or Master of Engineering) level 
consists almost entirely of water-quality management. Of the M.Sc. or 
M.E. curriculum, 80% is concerned with water and waste-water process 
engineering, basic and applied chemistry and biology, and environmental 
water pollution assessment. The remainder of the course work · is elective 
and may range from additional biology or chemistry to air pollution and 
hydrology. The M.Sc. student in sanitary engineering is not required to 
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complete courses in sanitation, radiological health, air pollution, and the 
like, although these may be elected. The main emphasis of sanitary 
engineering is on water. 

At the doctoral leve!, the sanitary engineering student in engineering is 
encouraged to specialize further by selecting one ofthree subjects: (1) process 
engineering; (2) water-quality evaluation (e.g., stream pollution, marine 
pollution, ground water problems, bioassay, eutrophication); or (3) water
resources management. For subjects (1) and (2), the student must complete 
two minor subjects, generally selected from chemistry, chemical engineering, 
biochemistry, and biology. For water-resources management, the minor 
subjects are selected from mathematics and statistics, operations research. 
and economies. 

Courses related to environmental health engineering and water resources: 

Water and waste-water engineering 
Water and waste-water treatment 
Sanitary engineering design 
Principles of sanitary engineering 
Chemistry of waters 
Sanitary chemistry: inorganic la bora tory aspects 
Sanitary chemistry: organic la bora tory aspects 
Organic chemistry of water and waste water 
Hydrology 
Basic hydraulic laboratory 
Elementary fluid mechanics 
Elementary fluid mechanics for civil engineers 
Advanced hydraulics (2) 
Surface water hydrology 
Ground water hydrology 
Advanced applied hydrology 
River hydraulics and sedimentation (3) 
Advanced hydraulic design 
Advanced hydraulic-structures laboratory 
Water resources: quality 
Water treatment: theory and design (2) 
Sanitary chemistry: advanced laboratory (2) 
Advanced sanitary engineering laboratory (2) 
Industrial waste control 
Atmospheric pollution (2) 
Water resources development 
Applications of digital computers to hydraulic and sanitary engineering problems 

School of Public health 

The engineer may follow the M.P.H. programme in public health 
engineering, or seek the M.Sc. or Ph.D. degrees in one of the several 
specialty programmes offered by the Division of Environmental Health 
Sciences. 
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Public health engineering includes courses in epidemiology, public 
health administration, water and waste-water management, and the related 
applied chemistry. Students generally complete a course in microbiology 
and at least one course in biostatistics. 

Students of engineering environmental health sciences, whether at the 
master's or doctoral level, generally take only the air pollution control 
programme, although sorne have recently expressed interest in environ
mental biology and its application to life-support systems. For the most 
part, engineering students have preferred to obtain their advanced degrees 
in engineering while taking courses and working on dissertation problems 
in the public health field. This has been possible because of the close 
relationship between the two Divisions and the jointly-appointed staff. It 
should also be noted that the Sanitary Engineering Research Laboratory is 
jointly sponsored by the School of Public Health and the College of 
Engineering, and that students from the two Divisions carry out their 
dissertation studies at this Laboratory. 

Courses related to environmental health engineering 

Radiological aspects of public health 
Radiological aspects of public health engineering 
Occupational health and industrial hygiene: introduction 
Occupational health and industrial hygiene: sanitary air analysis 
Occupational health and industrial hygiene: industrial toxicology 
Environmental health sciences 
Environmental sanitation 
Microbiology of water and waste water 
Ecological aspects of radiation control 
Occupational health practices 
Occupational medical practices 
Industrial hygiene practices 
Environmental health sciences 
Environmental health standards 
Environmental toxicology 
Environmental health measurements 
Environmental health administration 
Management and environmental health and safety 
Environmental health and safety 
Water and waste-water biology 
Biological control systems 
Sanitary microbiology 

Research 

The research interests of the staff of the two Divisions may be assessed 
from a list of the subjects in which research is either in progress or was 
completed in the recent past. 
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Water and waste-water processing: 

Partial demineralization of brackish waters 
Foam fractionation and separation 
Ground disposai of septic-tank effiuents 
Anaerobie fermentation studies 
Orthokinetic flocculation 
Water filtration 
Transient load effects in the activated sludge process 
Soil mantle as a waste-water treatment system 
Disinfection kinetics 

Water pollution assessment and environmental problems: 

Eco-metabolism of radionuclides 
Transport of synthetic detergents 
Nutritive value of sewage-grown algae 
San Francisco Bay studies 
Sources of phosphorus in sewage 
Effect of nutrients on primary productivity 
Bioassay techniques 
Identification of tastes and odours in waters 

Water resources management and engineering: 

Surface water hydrology 
Economie evaluation of water and water quality 

General: 

Biological control of enclosed environments 
Solid wastes management 

Air pollution control: 

Aromatic by-products of combustion 
Bioassay of air pollutants 
Malodorous products of combustion 

UNIVERSITY OF NORTH CAROLINA, CHAPEL HILL * 

The University of North Carolina enrolled its first student in 1795; it 
was then the only State-supported institution in the USA. Sanitary 
engineering was introduced in 1920 within the School of Engineering. A 
Department of Municipal and Sanitary Engineering was set up in the 
1930s, with courses at the undergraduate and master's level. In extensive 
reorganization shortly afterwards, sanitary engineering came within the 
province of a newly-formed School of Public Health. 

During the Second World War, staff and graduates participated in the 
Institute of lnter-American Affairs. This produced two results: the first 
was a flow of engineers from Latin America such that they outnumbered 

* Based on information received from Emil T. Chanlett, Professor ofSanitary Engineering, Department 
of Environmental Sciences and Engineering, 8chool of Public Hea\th, University of North Carolina, Chape\ 
HiU, N.C., USA. 
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students from the USA by 10 to 1 by the time the war ended; the second 
was an involvement with international health matters that bas continued to 
this day. 

The present Department of Environmental Sciences and Engineering bas 
5 programmes of study, a full-time staff of 27, of whom 20 work wholly for 
the Department and 7 are shared with other university departments, and 
70--75 students in residence, 25-30 degrees being earned annually. The 
total budget is more than $1 000 000 per year, including an international 
activity budget at $200 000 per year, and research is carried out on 44 pro
jects budgeted at over $300 000 dollars per year. In addition, 7 other 
departments at Chapel Hill and 3 departments of the North Carolina 
State University at Raleigh are involved in the work of the Department 
through the Institute for Environmental Health Studies, the Water Resour
ces Research Institute, and the Radiological Health Project. The growth 
of the Department is the result of the initiative of the staff under admini
strators who encouraged and urged growth and took full advantage of 
Federal, State, and University funds for expanding instruction and research. 

Growth takes place in the following stages: 

(1) A staff member initiates an elective course or two, or a research 
project. 

(2) He finds student participation. 

(3) He seeks and obtains financial support. 

(4) He seeks and finds additions to the staff in the specialty. 

(5) A programme of study evolves for which students are recruited. 

Information on the staffing of the Department and on the programmes 
of study offered is given in Table 10. 

Until 1954 ali permanent staff members came from engineering back
grounds, but there bas since been considerable diversification. The primary 
qualifications of the Department's staff in 1966-67 were in the following 
disciplines: engineering (12), biology (5), chemistry (4), physics (2), admini
stration (2), medicine (1), and law (1). With the diversification of the skills 
and interests of students and staff, a strong research programme developed 
together with the broadening of the programmes of study. In 1958, the 
Department was authorized to admit candidates for the Ph.D. degree with 
a specialty in one of the programmes of study. In 1966-67, 13 such 
candidates were in residence, 20% of the total number of students. 

The interdisciplinary approach bas been most fruitful. Through the 
Institute of Environmental Health Studies, an administrative organ of the 
University, this approach is being broadened in such a way that staff 
members and graduate students can participate in environmental hygiene 
studies while remaining within their own departments. This arrangement 
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TABLE 10. PROGRAMMES OF STUDY IN THE DEPARTMENT OF ENVIRONMENTAL 
SCIENCES AND ENGINEERING, UNIVERSITY OF NORTH CAROLINA, 1966-67 

Number of staff 
Year Number Number 

Specialty organized 

1 

of formai of 
Total Full- Shared a coursesb students 

lime 

1 

Sanitary engineering 1940 6 4 2 13 22 
Sanitation 1946 5 2 3 10 12 
Chemistry and biology 1951 5 4 1 15 19 
Air and industrial hygiene 1959 4 2 2 10 11 
Radiological hygiene 1962 3 2 1 10 12 
International programme 

in sanitary engineering 
design 1962 5 4 1 3 4 

a Full-lime staff members whose lime is shared between two programmes of study in the Depart
ment or between Iwo departments of the University. 

b Courses for which there is organized classroom and laboratory instruction. 

now covers the Departments of Epidemiology and Biostatistics within the 
School of Public Health, the Departments of Botany, Chemistry, City and 
Regional Planning, Geology, and Zoology at Chapel Hill, and the Depart
ment of Food Science at North Carolina State University at Raleigh. 

The titles of the courses offered are given belo w. It is emphasized that 
ali students take one or more courses from the general list, from the courses 
listed under a particular programme, and from those offered by other 
departments of the School and the University. 

Courses usually required for students in the department 

Probability and statistics or Principles of statistical inference 
Principles of epidemiology 
Man and his environment: the physical and social features of the environment are 

studied to give a holistic view of public health 
Elements of radiological health 
Systems analysis in environmental planning (mathematical models, simulation, constraints 

in analysis and programming to secure optimal designs of systems) 

Courses required of students whose background needs strengthening in the subject indicated 

Principles of sanitary sciences (the applications of mathematics, physics, and fiuid 
mechanics to the sanitarian's needs) 

Quantitative studies for environmental sciences (specifie aspects of the calcul us for use in 
environmental hygiene, and particularly in radiological hygiene) 

Preparation in physics for environmental sciences: selected topics are developed for 
radiological hygiene 

Elements of environmental chemistry (general and organic chemistry as a preparation for 
the chemistry of natural systems) 

Environmental biology (microbiology, biochemistry, and cellular physiology applied to 
environmental problems) 
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Departmental courses open to ali students 

Elements of environmental hygiene 
Applied electron microscopy 
Planning and development of environmental hygiene programmes 
Environmental health ptoblems in developing countries 

Courses in the specialty areas 

.Sanitary engineering and water resources : 

Principles of water quality management 
Design of hydraulic structures 
Water and wastes treatment processes 
Sanitary engineering design in developing countries 
Ground water hydrology 
Water resources planning in developing countries 
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Water supply and waste-water disposai systems: a comprehensive engineering report 
presenting ali design aspects of a municipal water supply system is prepared 

Water and waste-water treatment plant design: specifie works for water and waste-water 
treatment are designed and analysed 

Advanced treatment processes (application of chemical reactor engineering to waste 
treatment processes and natural systems) 

Industrial water quality management (technical, administrative, and regulatory aspects 
of industrial water supply and waste-water disposai) 

Engineering project design (cost benefit analysis, decision models, and computer methods 
as applied to sanitary engineering design) 

Topics in advanced hydrology (e.g., hydrological frequency analysis, extreme value 
theory, and synthetic hydrology) 

Public investment theory and techniques (techniques for converting broad community 
objectives into design criteria for public projects) 

Natural resources law and policy (the policies and the administration of the law of resource 
use and development) 

Planning of water resource systems: the theory, process, and techniques of water resource 
system design are treated integrally 

Environmental and food sanitation : 

Analytical methods in environmental and food sanitation (principles, purposes, pro
cedures, and interpretation of field and laboratory tests) 

Elements of environmental sanitation (a topical study of sanitation practice applicable to 
rural, suburban, and urban communities) 

Elements of food sanitation (chemical and biological aspects of the sanitation of food 
production, processing, and distribution) 

Control of the institutional environn1ent (chemical and biological methods for the 
maintenance of a healthy environment in medical care institutions) 

Topics in environmental sanitation (a detailed analysis of new developments in sanitation) 
Topics in food sanitation (new developments in the food industries and the related 

sanitation problems) 
Food engineering a 

Food chemistry a 

Food analysis a 

Food mictobiology a 

a Courses given by the Department of Food Science, North Carolina State University at Raleigh. 
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Environmental chemistry and bio/ogy : 

Analytical methods in environmental chemistry and biology 
Environmental chemistry: emphasis is given to multiple equilibria and chemical kinetics 
Sols and surfaces (equilibria and mass transport between phases in aqueous and gaseous 

sols and natural colloids) 
Environmental biology (preparatory studies in microbiology, biochemistry, and cellular 

physiology for advanced work in environmental problems) 
Instrumental methods of analysis (techniques and principles of instrumental chemical 

analyses, including optical, electrical, and separation methods) 
Analytical methods in environmental chemistry and biology (advanced chemical and 

biological techniques as applied to the analysis of water and waste water) 
Chemical oceanography (the chemical, physical, and biological processes affecting the 

distribution of chemical species in the sea) 
Environmental microbiology (the cytology, growth, and physiology of micro-organisms 

active in waste treatment processes) 
Limnology and water pollution (ecological factors used in the classification of polluted 

and non-polluted waters of lakes, streams, and estuaries) 
Microbial ecology (the factors influencing the distribution and inter-relationships of 

micro-organisms in their natural habitat) 
Biological and biochemical assays (the use of biological and biochemical systems for the 

assay of living and non-living environmental contaminants) 
Ecology of phytoplankton (the productivity and nutrition of fresh-water and marine 

phytoplankton) 

Air and industrial hygiene : 

Elements of air hygiene 
Elements of industrial hygiene 
Applied physiology and toxicology (the study of physiological responses to physical and 

chemical stresses, and methods of industrial toxicology) 
Mechanics of aerosols (the nature and behaviour of airbome particles, and methods of 

sampling and control) 
Industrial hygiene practices 
Air and its gaseous contaminants (behaviour of gases, fundamentals of meteorology, 

and the sampling and analysis of gases) 
Air and industrial hygiene laboratory 
Community air pollution (sources, transport, phenomena, reactions, biological and other 

effects of comnmnity air pollutants) 
Biological effects of air pollution (effects of community air pollutants on plants, animais, 

and micro-organisms) 
Chemistry of the troposphere (origins, reactions, and removal mechanisms of trace 

substances in the atmosphere) 

Radiological hygiene : 

Modem physics for environmental science (with emphasis on radioactivity and ionizing 
radiations) 

Radiation instrumentation 
Field observations in radiological hygiene 
Radiological hygiene principles (radiation protection standards and their derivation and 

application) 
Health physics (laboratory and field exercises on shielding, contamination control, waste 

disposai, and surveys) 
Radiation hazards evaluation 1 (interaction of radiation with biological materials, and 

dosimetry) 
Radiation hazards evaluation II (experience in precise and low-level radioactivity 

measurements in the laboratory) 
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For each plan of study there is, in addition, a series of 3 courses of 
individual study under a staff adviser. 

An adviser plans a programme of study for each student that matches 
his background, ability, and objectives. A student in residence for 1 
calendar year has a programme of 12 courses; if he is in residence for 
2 academie years and the intervening summer, he will complete 20 courses, 
and the emphasis will be much more on individually guided research. The 
scope and extent of the research being carried out by staff members and 
students in 1966-67 is shown below. 

Sanitary engineering and water resources 

A study of rapid filtration, using sand and anthracite, at the Chape! Hill filtration plant 
A comparison of normal and reverse filtration through graded sand 
Use of local resources and materials for water supply and waste disposai in developing 

areas of the world 
Vertical motion at density gradients in impoundments, and its effect on water quality 

parameters 
Seasonal variation and vertical distribution of organic constituents in impounded water 
Impact of impoundments on water quality 
Pilot studies on tertiary treatment of municipal sewage by oxidation ponds 
Telemetering of limnological data 
Effect of mixing on sludge thickening 
lon and precipitate flotation of metals 
Studies on sedimentation theory 
Significance of water quality in the economies of water resources development 
Regulatory standards for water pollution control 
Benefits of community watet supply in developing countries 

Environmental chemistry and biology 

Detection of toxic organic compounds in water by biochemical assay in fish 
Response of specifie organ systems of freshwater fish on exposure to chlorinated hydro

carbon insecticides 
Distribution and concentration of pesticides in aquatic food chains 
Eutrophication of estuarine waters, particularly in connexion with development of a 

phosphate industry 
Development of a field test for free chlorine 
Instrumental methods for fluoride analysis 
Anaerobie sludge digestion 
Dissolved organic phosphorus in natural waters 
Exchange of phosphorus species between living and non-living systems in freshwater 

environments 
Oxygenation of iron in continuous reactors 

Environmental and food sanitation 

Techniques for determination of detergent residues in food products 
Development of standards and their use in municipal administration 
Toxin formation in Staphylococcus aureus 
Study of utilization of sanitarians in food protection programme 
Microbiological standards for foods 
Thermal inactivation of viruses in foods 
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Air and industrial hygiene 

Response of mice to various synthetic atmospheres 
Oxidation of organic compounds in the atmosphere 
Airborne substances causing disease of white pine 
Evaluation of air-sampling methods 
Study of atmospheric ozone and ozone precursors 
Gas-phase reactions of ionized molecules 
Effect of electrical charge on rate of diffusion and agglomeration of aerosols 
Effects of neonatal thymectomy on ozone tolerance in mice 
Safe limits of air pollution from products of fuel consumption 

Radiological hygiene 

Gamma spectrometry 
Thermoluminescence 
Stopping power of gases 
Effects of radiation quality on the development of rat incisor teeth 
Haematological variables for the assessment of radiation dose 


