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PREFACE

A series of experimental modules for the pre-service and in-
service training of primary-school teachers, secondary-school science
and social studies teachers in environmental education has been pre-
pared in the context of the Unesco-UNEP International Environmental
Education Programme, and as a follow-up to the Tbilisi Conference
Recommendations with respect to the training of teachers in environ-
mental education.

This module focuses on the in-service training of science teach-
ers and supervisors in environmental education for secondary schools.
Its main objectives are to (a) foster the acquisition and transfer
of knowledge, skills and affective attributes concerning the environ-
ment and its problems and (b) develop competence in the teaching and
supervision of the environmental dimension of science in secondary
schools. In this context, the module addresses itself to (a) his-
torical and philosophical development of environmental education
(b) essential knowledge about the environment and its problems (c)
teaching methodologies, activities and experiments and evaluation in
environmental education; (d) strategies for the implementation of
an environmental dimension of secondary school science.

The module for In-service Training of Science Teachers and
Supervisors in Environmental Education for Secondary Schools has been
prepared under Unesco contract at the University of the Philippines,
Science Education Center, Quezon City, Philippines (Leticia P. Cortes,
Wulfilda P. Galvante, Violeta L. Rodriguez, Erlinda Y. Basa). In the
process of the preparation, the detailed outline and the different
drafts of the module were circulated for comments and critics to
twenty professionals and institutions around the world. Also, the
draft of this module and its local adaptation was studied by teacher
cducalors at the Subregional Workshops on Teacher Training in Environ-
mental Education, 3-16 March 1983 at the National Council of
Educational Research and Training, New Delhi, India, and on 18-29 July
1983 at the School of Education, University of West Indies, Mona
Jamaica. Unesco is appreciative of the contributions made which have
been used towards the preparation of this version edited by Professor
Willard J. Jacobson, Teachers College, Columbia University, New York City.

Opinions expressed in this publication do not necessarily coin-
cide with any official views of Unesco. The designation employed and
the- presentation ©f the material herein do not imply the expression of
any opinion whatsoever on the part of Unesco concerning the legal
status of any country, or of its authorities, or concerning the de-
limitations of the frontiers of any country or territory.

(:) Unesco 1983
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I. INTRODUCTION

A. SCOPE OF THE MODULE

As an in-service training module, this material covers the many
aspects of environmental education essential for secondary level
instruction. The topics included are the history and development
of environmental education; its philosophy and guiding principles;
essential knowledge about the environment and its problems; appropri-
ate instructional strategies; sample experiments and activities;
evaluation of teaching and learning:; implementation strategies for
in-service programmes.

No claim is made to an exhaustive treatment of any of the
topics. Perforce the material is selective and concise. Although
the writers aim for universal applicability, they can only write with
conviction on situations and events within their realm of experience
and knowledge. For this reason this module tends to be partial to
strategies and solutions potentially workable in developing countries.
However, principles and concepts of ecology and environmental conser-
vation and management hold true regardless of geographical location
and economic status.

More pages are given to essential knowledge and instructional
strategies and activities than to the other topics not only because
of their innate breadth and depth but also because of their import-
ance and usefulness to teachers and supervisors. Hopefully this
module will provide sufficient material for teachers and supervisors
to successfully integrate environmental education concepts into the
secondary school science programme.

B. TARGET AUDIENCE

This module is primarily addressed to secondary school science
teachers and supervisors who have had little or no orientation to-
ward environmental education. Teachers and supervisors with founda-
tions in resource conservation, ecology and environmental management
will find the module a practical guide to the presentation of the
environmental dimension of science to secondary level students.

The Tbilisi Conference rightly identified teachers as a key
factor in the education of people to an awareness of the environment
and its problems. The same conference also took cognizance of the
inadequacy of existing teacher training programmes for the teaching
of environmental education. This is the reason for this teacher
training module.

Teacher behaviours do have an impact on student classroom be-
haviours (Penick and Shymansky, 1977). It is highly probable that
teacher influence extends beyond the classroom. Therefore, it is
implicit in activities aiming for changed student behaviours that
teachers be the model of the desired behaviours by action or by word.
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In-service training can be a means of developing these desired be-
haviours in teachers that will encourage similar student behaviours.
As a study has shown, in-service workshops positively influence tea-
cher attitudes, and hopefully, their behaviours (Butts and Raun,
1969).

C. IMPLEMENTATION REQUIREMENTS OF AN IN-SERVICE TRAINING
WORKSHOP BASED ON THIS MODULE

The difference in environments and school systems preclude the
prescription of specific implementation requirements. Each training
center should devise its own requirements bgsed on local environ-
mental conditions and problems, available resources and the current
national, regional and global issues. However, for a product-
oriented training programme, the following requirements are suggest-
ed:

1. For Fulfillment By The Management (i.e. planners and
coordinators) In Preparation For The Training Workshop:

a. Preparation of a course curriculum or a syllabus

The trainees must be informed right at the start what to ex-
pect to learn from the training programme. As is customary in course
offerings and training programmes a course curriculum or syllabus
is prepared to provide such information. A course curriculum sets
the tone and the pace of work expected of trainees. The scope and
depth of content and the kind and quantity of activities of the
programme depend on the duration of the training, the interests of
the people involved and the kind of environmental knowledge and
problems the community would like their children to know about.

A sample course curriculum for an intensive 180-hour (6 weeks)
training programme is given in Appendix A.

b. Selection of trainees

What kinds of science supervisors and teachers may qualify
for in-service training in environmental education? Anyone interest-
ed, ... has at least two years of teaching experience, ... has not
attended school 10 years ago or longer and, therefore needs a re-
fresher, ... not older than 45 years or young enough to be open to
new ideas? Whatever the criteria selected, they must be made to
benefit the educational system both in the short and long run.

c. Preparation of schedule of activities

In the preparation of a day-to-day schedule of activities,
consider the acceptability of the dates and duration of the training
workshop to the trainees. A short intensive programme held over 5-
10 days, or a one-day-a-week programme spread over several weeks?
During school days after office hours, or on Saturdays only, or when
school is on vacation? The deciding factor in scheduling in-service
training is acceptability to trainees as the most opportune time for
their learning.
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The kind and quantity of available learning resources partly
determine the activities for scheduling. The management should make
an informal survey of human and physical resources that may be tapped
for the training workshop.

An evaluation scheme should be carefully planned from the out-
set and worked into the schedule of activities. All evaluation
materials for use in the workshop should be ready before the work-
shop begins.

d. Preparation of a budget

The preparation of a budget and the availability of correspond-
ing funds may spell the difference between success and failure of a
training workshop. Every activity, facility, personnel and material
that will entail some cost should be anticipated and included in
the budget.

The preparation of the budget does not end in the planning.
Approval by the proper authorities must be sought, and release for
use when needed be assured before the budget can truly be ready.

e. Other management activities in preparation for the
training workshop:

Seek the support of the political and educational leaders
on the implementation site.

Adopt a theme for the in-service training workshop focusing
on one or two environmental problems.

Tap local expertise both in the planning and the implementa-
tion of the training workshop.

Obtain evaluation of the in-service training workshop from
various sources - interested.educators, trainers and trainees.

2. For Fulfillment By The Trainees

a. Active participation in small and large group discussions.
The gains for the trainee are in the form of sharing of ideas and
information, observation of the reaction of people to issues and
problems, and the exercise in the articulation and communication of
ideas and reactions. The trainee who participates more, gains more.

b. Production of a lesson plan or design of an activity.

A lesson plan dealing with one environmental issue, problem or con-
cept may be required of each trainee. The lesson plan should use at
least one teaching strategy discussed in this module. Alternatively
the design of an activity that will engage students in dealing with

a local environmental issue or problem may be required. The write-up
of the activity should include objectives, detailed procedures, stu-
dent tasks, equipment and facilities needed.
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c¢. Production of an evaluation instrument. The trainee may
also be required to submit a 1 to 2 page evaluation instrument to
assess student learning in terms of knowledge, attitude or interest,
or student/teacher reaction or opinion, or instruction and class
management of environmental education which the trainee can use when
he starts implementing the environmental education programme. The
evaluation sheets should be accompanied by a description of how the
data obtained from the instrument shall be collated for the purpose
of writing an evaluation report.
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II. OBJECTIVES OF THE IN-SERVICE TRAINING OF SCIENCE

TEACHERS/SUPERVISORS IN ENVIRONMENTAL EDUCATION

GENERAL OBJECTIVE:

To develop competence in the supervision/teaching of the en-

vironmental dimension of science in the secondary school.

B.

10.

SPECIFIC OBJECTIVES:

Through the use of this module, the trainees gre expected to:

Increase their environmental awareness, sensitivity to and
consciousness of the environment and its problems, particularly
the local environment and the changes ocurring therein.

Develop an awareness and appreciation of the need, importance,
goals and objectives, and guiding principles of environmental
education.

Acquire essential knowledge about the environment and its
problems, particularly those relating to the local environment.

Develop and nurture an understznding of the fundamental
environmental concepts and their science content, and vice
versa, of science concepts and their environmental dimension.

Realize that the totality of the environment is a fundamental
base for interdisciplinarity among school subjects.

Develop competence in the use of methodologies most appropriate
to the teaching of the environmental dimension of secondary
school science, and, in particular, the problem-solving method.

Develop skills in designing and using activities and experiments
essential to and motivating for the learning and teaching of
the environmental dimension of secondary school science.

Acquire competence in the development of lesson plans and the
preparation of teaching aids on environmentally oriented science
in the secondary schools.

Competently develop and use evaluation techniques and methodolo-
gies to assess the learning of students, the effectiveness of
instruction, and the value of the training programme.

Learn alternative strategies for planning, development, imple-
mentation, management and evaluation of curricula in environ-
mental education.
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IIT. THE HISTORY AND PHILOSOPHY OF ENVIRONMENTAL EDUCATION

A. NATURE STUDY AS AN EARLY EXPRESSION OF INTEREST IN THE

NATURAL ENVIRONMENT

Natural environments have been destroyed in the past and sub-
sequently have recovered on their own. For instance, about 50 years
after the volcanic island, Krakatoa, blew off its top in a violent
eruption, it was forested again. Soil in forest clearings, left un-
attended after it had been worked and planted and rendered infertile,
was found to recover after about 20 years.

A few years back man was very much a creature of nature, de-
pendent on its generosity for his living, and in fear of its power -
to create storms, to explode volcanoces, or to let through or withdraw
the heat and light of the sun. He had to know more about nature to
obtain more of its munificence or to protect himself from its vaga-
ries. His observations and the inferences he made from them made it
possible for him to cultivate crops more regularly, domesticate
animals, construct a shelter strong enough to withstand the elements.
Some men made the study of natural phenomena their main preoccupation.
They were the natural philosophers. Every nation had its own philo-
sophers of nature who interpreted the observed phenomena to the peo-
ple.

B. THE DEVELOPMENT OF DISCIPLINES

In time so much knowledge about nature was accumulated that a
single person had difficulty studying all of its different phenomena
and to be able to contribute further to knowledge. Philosophers of
nature began to specialize in specific subject areas. Science, the
systematic study of nature, branched into many fields of specializa-
tion - the physical-biological sciences such as, botany, zoology,
physics, and chemistry, and the social sciences such as sociology,
anthropology, and psychology.

Technology, the application of scientific knowledge, was
changing the natural environment into the built environment to make
life easier. Only to reveal much later that the change always en-
tailed some cost - in terms of destruction, pollution, and extreme
deprivation of some basic elements of the quality of life. The
study of nature through separate disciplines has not given us a
global view of its effects on nature. Let us now survey the changes
technology has wrought.

C. THE EFFECTS OF SCIENCE AND TECHNOLOGY

It is not difficult to see how advances in technology have
accelerated the destruction of environments. Mountains were detonated
and leveled, and sea bottoms scraped and drilled to yield minerals
and fossil fuels. Agricultural lands were tilled faster by tractors
and fertilized to yield several times the old harvest. More efficient
fishing gear caught boatloads of fish only to deplete the source.
Smooth roads were constructed to open up inaccessible areas. This
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allowed the movement of vehicles and the transfer of goods and people
but reduced the amount of land that could be made productive.

In our zeal in using the new-found technology we exploited more
than rehabilitated the natural environment. We forgot that our rate
of developing and using resources was destroying nature faster than
it could recover. We overlooked the rights of future generations to
the nonrenewable resources that we used up. We failed to see that
the waste materials released by technological processing could build
up to toxic levels. And the sad fact was that the world's science
and technology had not equally developed and enriched all nations.
The 1960's and 1970's was our period of awakening. This awakening
found expression on an international scale in the Stockholm Conference
on the Human Environment in 1972.

D. THE STOCKHOLM CONFERENCE ON THE HUMAN ENVIRONMENT

1. Global Environmental Concern

In 1968 the Swedish delegation to the United Nations called the
attention of the international community to the growing crises in
the human environment. This was not the first voice of concern but
it served as the first formal call for a global approach to the
search for solutions to the worsening problems concerning the en-
vironment.

The more highly-industrialized countries were increasingly
being confronted with the undesirable environmental impacts of tech-
nology and economic activity such as polluted air and water, degra-
ded urban and rural conditions, noise and congestion. They were
concerned about environmental deterioration and the consequent
threats to their health and well being.

The awakening of the industrialized countries to the environ-
mental problems and the '"no growth" policy some of them advocated
were eyed with suspicion by the developing countriesg convinced as
they were that rapid industrialization and technological innova-
tions would lead to affluence and the relief of poverty for their
growing millions. The developing nations accused the developed
nations of using environmental concern as an excuse to prevent the
development of the Third World and thus maintain their own economic
superiority. The poorer nations were also beginning to realize that
the luxurious-living, "throw-away" societies of the developed coun-
tries comprising one third of the world's population, yet consuming
two thirds of the world's resources, might damage beyond recovery
the oceans, the land and the atmosphere, that is, the environment

of life. The developed nations, on the other hand, were worried by
the great number of people in the developing countries and their
high birth rates. These numbers, if unchecked could strain the

world's life support systems tremendously to an irreversible point
of imbalance.

The position of the developing nations as regards environmen-
tal concern being in conflict with commitment to development was
understandable. The early perceptions of environmental problems
were distorted by the experiences of the industrialized countries.
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Thus, concern with depletion of energy for running industries, endan-
gered wildlife, air, water and noisepollution, and solid waste
disposal took precedence over concern for famine, soil erosion,
diseases and sanitation. Moreover, the usual approach to problems
of affluence was reduction rather than prevention. For example,
pollution abatement and changes in production technology were
generally offered as answers to many environmental problems. Taxes,
subsidies and legislation were adveocated as ways of cushioning the
impacts of industrial pollution and environmental destruction. The
developing countries feared that this would raise the prices of
equipment and goods they purchase from the developed countries.

This would have serious economic repercussions for the developing
countries trying to get a foothold in the world trade. It would be
an injustice for nations creating most of the earth's degradation
to expect poor nations to pay the cost of the earth's recovery.

It slowly became obvious that the environmental problems of
the industrialized countries are different from those of the de-
veloping countries. While the industrialized countries suffer from
pollution due to affluence, the developing countries face pollution
due to poverty. How could the developing countries be concerned
with the '"deterioration of the quality of life" when life itself is
endangered by famine, diseases, malnutrition, lack of water, squalid
housing conditions and natural disasters? These problems brought
about by "under development" may be viewed by the developed nations
as "traditional problems",; but as far gs developing nations are
concerned these are "environmental problems." The widening scope
of environmental concern, from being merely pollution abatement and
conservation of wildlife to one which includes social justice and
land reform led to the breakdown of hostility of the developing
countries and the growth of their interest and enthusiasm.

It took four years of groundwork to hold the First United Na-
tion's Conference On The Human Environment at Stockholm in June 1972.
The Stockholm Conference captured a concern of world-wide appeal, and
from it emerged a great deal of environmental activity.

2. Declaration On The Human Environment

Among the accomplishments of the Stockholm Conference is the
adoption of the Declaration on the Human Environment (See
Appendix B) which sets out guidelines for environmental behaviour
of individuals and states. It is the first joint statement by 113
countries of their concerns and convictions as regards the problems
of the human environment. The Stockholm Declaration states that
Man, as both environment dependent and moulder of his environment,
is responsible for:

a. the improvement of the quality of human life,

b. the protection, management and wise use of the earth's
resources so that they may be shared by all mankind - not only of
the present generation but of future generations,

¢. the prevention, abatement or treatment of pollution and
destruction of the environment,



ED-83/WS/90 - page 12

d. the education of people of all ages on environmental conser-
vation and ecological balance,

e. the promotion of scientific research that leads to the
solution of environmental problems,

f. the reorganization and redirection of social institutions
to secure national and international cooperation toward eliminating
or minimizing the adverse environmental effects of human activities,
and

g. the maintenance of peace and harmonious relationships
between nations through fair dealing, sharing, and disarmament.

3. Action Plan

The Stockholm Conference also approved a wide-ranging Action
Plan as the immediate environmental work programme for the inter-
national community. The Action Plan focused on: a. human settle-
ment management, b. natural resource management, c. pollution,
d. educational, informational, social, and cultural aspects, and
e. development and its effects on the environment, and the measures
to relieve poverty, malnutrition, disease and illiteracy yet avoid-
ing or minimizing destruction and pollution of the environment.

Over a hundred specific recommendations for action at the
international level are embodied in the Action Plan. These may
be grouped according to function:

a. Environmental assessment; code-named Earthwatch, was
organized to identify and measure international environmental problems
and to warn against impending crises. More specifically, the funct-
ions of Earthwatch are: evaluation and review - to provide analysis
to identify the gaps in knowledge and action, and to determine
important short- and long-term environmental trends; research - to
provide new information, or new interpretations of old information,
leading to a better understanding of environmental problems;
monitoring -~ to gather data on specific environmental variables in a
continuous and systematic fashion for evaluation and research; in-
formation exchange - to provide data to the scientific and technolo-
gical communities and so ensure that decision-makers at all levels
have the benefit of the best and most recent information available
at the appropriate time and in the most usable form.

b. Environmental management refers to the management of
the actions taken toward prevention; conservation or restoration
of the environment as indicated by Earthwatch. Examples are the im-
provement of water supply and sewerage systems; the preservation of
the world's genetic resources for future generations, and the
curtailment of emissions into the atmosphere and hydrosphere of
chlorinated hydrocarbons and heavy metals.

c. Supporting measures to facilitate the implementation of the
Action Plan can be classified into three categories: education,
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training and public information to enable people to weigh decisions which
shape their future and for them to assume a greater responsibility in
environmental conservation and care, organizational arrangements for
close working relationships of governmental and non-governmental agencies;
financial and other assistance with the establishment of the Environment
Fund with contributions from member nations to support the various
activities outlined in the Action Plan.

The Stockholm Conference emphasized the urgency of the need
for reordering man's priorities - that deep and pervasive changes are
necessary in the way man looks at his world, at his role in nature,
and at his relations with other men. The Conference also endorsed the
premise that environmental concerns need not and should not present
obstacles to development. On the contrary, they should be complementary
and mutually reinforcing. Stockholm marked the beginning of a new phase
in thinking and action on the issue of the environment.

The Stockholm Conference recognized the role of education in
bringing environmental matters to the awareness and understanding of
the general public. Formal education is one way of reaching a large
slice of the human population. No nation can justifiably ignore the need
to make deliberate efforts to bring environmental concerns to the school
population. For the successful performance of the role of education,
the Conference recommended the training of teachers and the development
and testing of new instructional materials and methods in environmental
education. Many teachers, however, shudder at the thought of teaching
topics for which they have had little or no training. And for that
matter, so do supervisors in helping teachers. What is urgently needed
is in-service training of teachers and supervisors in environmental
education.

E. THE INTERGOVERNMENTAL CONFERENCE ON ENVIRONMENTAI EDUCATION

1. The Declaration and Recommendations on Environmental Education

As indicated earlier, the Intergovernmental Conference on
Environmental Education was convened by Unesco in cooperation with UNEP
in Tbilisi, USSR, 1977 as a culminating activity of Phase I of the
Unesco-UNEP International Environmental Education Programme (IEEP).

Its most important output is the Declaration (see Appendix C) and 41
Recommendations on Environmental Education. '

The Recommendations focus on two main topics: the role,
objectives and guiding principles of environmental education; and
strategies for the development of environmental education at the
national level.

Among the development strategies recommended are those that
seek to answer the most pressing needs of environmental teaching
especially at the lower school level, namely: the training of personnel,
the development of teaching/learning materials, the need for educa-
tional research, data monitoring and information dissemination.

2. The Role of Education

Time is of the essence. Every minute some part of the
environment is needlessly and heedlessly being degraded. What can
education do in the global movement to protect the environment? What
is its role in environmental conservation?
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The Tbilisi recommendations revolve around a few main roles
education may assume:

a. as guide and facilitator of the development in individuals
and communities of awareness and responsibility for the environment:

b. as promoter of peace, mutual understanding, solidarity
and equity among social classes, different cultures, and nations by
espousing a new ethics based on respect for people and their dignity,
their needs and their rights;

C. as a proving ground for the development and try-out of
processes for solving environmental problems;:

d. as a center for information processing and dissemination
of environmental matters;

e. as a field of action for initiating preventive and remedial
measures toward the improvement of the quality of human life and
the environment.

First and foremost, environmental education aims to develop
active and well-informed individuals who are aware of their environ-
ment and their responsibilities in protecting and conserving that
environment. To achieve this aim, education must develop in all
individuals an understanding of the interactions and interdependence
of the physical, biological, social, economic and cultural aspects
of the environment, and of the complex relations between socio-economic
development and improvement of the environment. Through education,
social groups and individuals should be able to acquire a set of
values and feelings of concern for the environment, and the motiva-
tion for actively participating in environmental improvement and
protection. In addition, individuals and communities must develop
skills for identifying and solving environmental problems.

Not isolated efforts but interwoven with the development of
awareness and responsibilities is the development of a new ethics
of relationship between man and man, and man and his environment,
and between nations. Such relationships must be guided by social
justice and honest concern for humanity and should result in the
eradication of poverty, illiteracy, diseases, malnutrition, and the
elimination of the manipulation and exploitation of the naive and
the less fortunate. Hopefully the new ethics would strengthen peace,
forge international understanding, and lead to disarmament.

Environmental education for professionals and experts is main-
ly a reorientation toward environmental concerns. It may well
result in the development and testing of new ways of solving prob-
lems, in the processing and dissemination of information on environ-
mental matters, and in high level participation in preventive and
remedial measures toward the environmental enhancement. All pro-
fessional fields, all occupational categories, all socio-economic
classes benefiting from an environmental orientation can bring
their particular knowledge, skills and insights to bear on solutions
to environmental problems. This is interdisciplinarity in action.



ED-83/WS/90 - page 15

3. Training of Personnel

The Tbilisi conference deplored the inadequate environmental
education background of professional groups which has led to their
inability to perceive the multifaceted character of environmental
problems. Training of personnel came out in a survey (Unesco/Enved 6,
1977) as the greatest need of environmental education on a world-
wide scale. It was, therefore, considered vital to include environ-
mental education in the pre-service and in-service training programmes
of professional groups whose activities and decisions have an impact
on the environment.

Teachers in formal education, organizers of non-formal educa-
tion, administrative personnel, educational planners and researchers
also need training in environmental education to familiarize them
with the subject matter and the educational and methodological
guidelines in environmental education. Environmental sciences and
environmental education courses should be included in the pre-
service teacher education curriculum. In-service environmental
training is recommended for all teachers, of any field of specializa-
tion, who have not had such training before. The in-service training
programme should take into account the environmental conditions in
the area of work of the teachers.

Professionals, apprentices, and technicians must also be train-
ed in environmental awareness because directly or indirectly their
work have a great effect on the environment. Decision makers,
development planners, engineers, designers, architects, townplanners,
and those in the health, legal, and economic professions should also
undergo training in environmental education to develop environmental
awareness and skills needed in their work. Lack of such training
may result in ecological repercussions because their work involves
the transformation of the physical environment particularly through
urbanization and industrialization.

4. Developing Instructional Programmes And Materials

The Unesco-UNEP IEEP's survey on needs and priorities of
environmental education (Unesco/Enved 6, 1977) placed the prepara-
tion of instructional materials and the development of educational
programmes as the second and third greatest needs, respectively.
The consensus in the Tbilisi Conference was that environmental
education is effective if adequate materials, teaching aids and
programmes are available. Attention was focused on bridging the gap
between demand and availability.

The Conference recommended the following for consideration
in the development of programmes, learning materials and teaching
aids:

a. Develop low-cost learning materials and teaching aids to
make them more available to all students.

b. Draw from existing documents and recent research findings
for content and methodologies.

c. Teachers and learners should be involved in the prepara-
tion of materials and programmes.

d. Choose content and methodologies that are relevant to
students' needs and interests.

e. Programmes and materials should relate to the particular
environment of the students (e.g. urban, rural, industrial, commerce
and financing, etc.).
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f. Give emphasis to ecological concepts and processes in
environmental systems such as the atmosphere, lithosphere, forests,
oceans, grasslands, etc.

g. Consider the historical and cultural backgrounds of the
people who will use the materials.

h. Orientation is preferably on the problem-solving and
action approaches.

i. Preparation by an interdisciplinary team.

j. Use real environments, e.g. zoological and botanical gar-
den, park, museum, factory, commercial center, woods, grassland area,
as locales for field study.

k. Employ different strategies and techniques of teaching.

l. Employ various kinds of teaching aids and media.

5. Research In Environmental Education

A national environmental education programme should be based
not only on experience but also research. Many times in the past,
beliefs that we hold dear had been negated by researches. If some
of these beliefs are confirmed, all the more reason for furthering
research.

The Conference recommends educational researches on:

a. The development and modification of concepts, values and
attitudes held by individuals which are involved in environmental
behaviour; b. the conditions which foster the development of en-
vironmental education such as curricular content, teaching methods,
and learning environments; C. educatonal evaluation modalities and tools
useful in environmental education; and d. the use of mass media and audio-
visual materials in environmental education.

F. THE PHILOSOPHY OF ENVIRONMENTAL EDUCATION

From an amalgamation of observations, concerns, motivations,
strategies and societal goals threshed out in conferences and work-—
shops, a set of premises for environmental education has emerged.
As expected these premises have both environmental and educational
dimensions. These premises are:

1. The rate of social and cultural evolution is faster than
the rate of biological evolution. Therefore, biological evolution
cannot cope with the environmental imbalances brought about by socio-
cultural evolution.

2. Environmental problems are often complex and require the
expertise of various disciplines for their solution. To learn
about the environment in the natural setting likewise requires an
interdisciplinary approach.
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3. Environmental problems should be seen, first, in their lo-
cal context for the individual to see their relevance to him, and
second, in their global context to impress on the individual their
magnitude and pervasiveness.

4. The human population, more than any other living species,
has wrought damage to the environment and, therefore, it should be
held responsible for corrective actions that will hasten the recovery
of damaged environments and prevent the destruction of others.

5. The welfare and continuing existence of humankind on the
earth depends on the values people have concerning: a. regard and
consideration for others, particularly the less fortunate; b. care
and protection of humanity's resources; c¢. strong drive to actions
that serve humanity as a whole and improve the environment.

6. The behaviour of people to their natural and built en-
vironments is the overt expression of their values and attitudes
and their understandings and skills.

7. A harmonious ethical relationship of man to his environ-
ment, having environmental conservation and enhancement as its
theme, can be developed from early childhood onwards through formal
and nonformal education.

G. THE FOLLOWING GUIDING PRINCIPLES OF ENVIRONMENTAIL EDUCATION
ARE DERIVED FROM THE FOREGOING PREMISES:

1. The environment should be viewed in its totality, blurring
political, cultural and physical boundaries since each part affects

another.

2. An interdisciplinary approach best fits the study of the
environment and its interacting and interdependent parts.

3. Environmental education should be a lifelong process,
both in-school and out-of-school.

4. Environmental education programmes should develop in each
individual an ethics or code of behaviour that leads him to:
a. work for the development and utilization of natural resources
with the least destruction and pollution; b. seek the improvement
of the quality of life for everyone by eradicating poverty, hunger,
illiteracy, human exploitation and domination; c. reject the
development and economic growth of a nation that may lead to the
collapse and debasement of another nation, and the lavish consump-
tion of a few to the deprivation of many; d. utilize technology
not only for self gains and a life of luxury in the short term but
also for the economic stability and survival of humankind in the
long term; e. consider in his consumption of nonrenewable resources
the needs of future generations.

5. Since values and attitudes lie at the core of a person's
ethical behaviour, environmental education should go beyond cognition
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(i.e. awareness and comprehension) and into valuation and attitudinal
formation.

6. Environmental education should begin with the local, current
and most relevant environmental situations and issues and should move
on to issues and situations that are national, regional and global in
scope. The focus should be on enduring and never-ending processes,
and the concepts, principles and values that are of general applica-
bility.

7. Experiencing, through participation in real and simulated
environmental situations, make for greater impact and, therefore,
more lasting learning of environmental concepts and values. In the
pedagogic sense, local environmental problems are a good starting
point for learning environmental attitudes and values.

H. THE GOAL AND OBJECTIVES OF ENVIRONMENTAIL EDUCATION

l. Implicit in the Guiding Principles of Environmental Educa-
tion is its goal which may be stated as follows: to develop in each
person an awareness and understanding of the processes and inter-
relationships in the natural and built environments so that he
internalizes values, attitudes, motivations and commitments to en-
vironmental protection and conservation leading him to take action
toward the solution of environmental problems and the enhancement of
the quality of life.

2. Objectives of Environmental Education

More explicitly environmental education gims to develop in each
individual: a. a sensitivity to events and changes in the physical,
bioclogical, social, economic and political aspects of the environ-
ment, and a concern about the problems emerging from them; b. a
sincere desire to correct human problems such as poverty, hunger,
illiteracy, and social injustice; c¢. the ability to identify and
delineate environmental problems; d. the skill to devise methods and
means of solving environmental problems.

From these premises, guiding principles and goals, a philosophy
of environmental education may be succinctly stated as follows:
For humankind to survive and improve its quality of life, it is ab-
solutely necessary for everyone to become aware of and understand
humanity's relation to the environment, develop values and attitudes
of conservation and social justice, and act, alone or in groups, in
such ways as to correct or prevent environmental problems. Environ-
mental education is a deliberate effort to accomplish this globally
for all ages through the formal and nonformal systems by utilizing the
knowledges and methodologies of all disciplines.

I. SCIENCE AND ENVIRONMENTAL EDUCATION

It may be recalled that from the outset this environmental
education module is intended for science supervisors and teachers
in the secondary school. The implication is that science supervisors
and teachers shall be trained for teaching environmental education
concepts and values through the sciences. One is constrained to ask:
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Why a single discipline such as science to teach environmental educa-
tion concepts and values? Does this mean a breakdown of the inter-
disciplinarity of environmental education?

To resolve this dilemma, one has to look at the existing
structure of the secondary school curriculum. Most secondary school
curricula, the world over, are divided into subject areas, one of
which is science. To add an interdisciplinary environmental educa-
tion course will tend to crowd the curriculum and result in duplica-
tions. To restructure the curriculum in order to establish an
interdisciplinary environmental education as the core will take
too long in the planning and will be too unsettling to reasonably
expect fast results. Using science and other subject areas to carry
environmental education concepts, values and attitudes is one way of
bringing environmental education into the secondary school without
unduly burdening or upsetting the existing curriculum.

Perhaps there is more than just one interpretation of inter-
disciplinarity as applied to the secondary school. The term 'inter-
disciplinary' is commonly used to describe a course in which students
learn to deal with a problem, or a concept, skill or value by using
the knowledge and methods of many disciplines. It is not also inter-
disciplinary if the learning is done in several courses within the
same year - each course using the knowledges and methods of its own
particular discipline and each one linking with the others? It is
this second interpretation of interdisciplinarity that is applied
when science is used as the matrix for teaching environmental
education concepts, skills and values.

To teach the environmental dimension of science is to benefit
both science education and environmental education. Broudy (1973),
in considering the problem of decreasing enrolment of college
students in science in American Universities, speculates on the
isolation of science from social events as the possible cause. He
suggests the teaching of science as an aspect of social problems to
ensure 1its relevance to pupil concerns. Extrapolating from Broudy's
statement, we maintain that science be taught as an aspect of
environmental problems. Social problems are a part of environmental
problems. And environmental problems are social concerns. To tie
up environmental teachings with science appears to be a fitting
answer to Broudy's stand on the need for the social relevance of
science.

On the other side of the coin, there is no question that en-
vironmental education is enriched by science education. A scien-
tific understanding of natural processes and interactions between
the natural and the built environments leads to better ways of

handling unforeseen effects. The processes of science, particularly
logical reasoning, reduce guesswork in finding solutions to environ-
mental problems. To be sure, science is only one of the many

subjects in the secondary school which easily lend themselves to
developing awareness and understanding of the environment.
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J. IN-SERVICE TRAINING: A VENUE OF ENVIRONMENTAL EDUCATION

The benefits derived from in-service training of teachers
hopefully do not end at the teacher level but filter all the way to
the students. It was shown in an experimental study (Hounshell and
Liggett, 1976) that in-service training of teachers in environmental
education supplemented by classroom follow-up results in a signifi-
cant gain both in students' knowledge and their positive attitudes
about the environment and in man's role in it. In-service
workshops positively influence teachers' attitudes toward the subject
(Butts and Raun, 1969). Applying Hounshell and Liggetts' finding,
it can be said that the students of these in-service trained
teachers in environmental education will tend to develop positive
attitudes toward the subject.
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IV. ESSENTIAL KNOWLEDGE ABOUT THE ENVIRONMENT

This part of the module is prepared with a view to helping teachers and
supervisors acquire essential knowledge about the environment and its problems.
An understanding of basic concepts about the environment will aid in developing
an appreciation not only of the problems facing conservationists and environ-
mentalists but also the policies, strategies, and regulations by which these
problems might be resolved.

A. STRUCTURE AND FUNCTION OF AN BECOSYSTEM

When a person surveys his surroundings, he sees a landscape that is a
"mosaic of topographical and vegetational patterns" (Smith, 1966). There are
mountains, plains, grasslands, forests, rivers, lakes, and seas. A closer look
into these parts of the landscape reveals similarities and differences in their
characteristics and the life forms they support.

A mountain, and the plants and the animals it supports including the
microorganisms is an ecosystem. A grassland and its plants, animals and micro-
organisms is an ecosystem. An enviromment and its non-living parts consisting
of the space and the physical-chemical components and its living parts consisting
of plants, animals, and microbes coamprise an ecological system, or ecosystem.

An ecosystem can be studied through its structure and function
(Odum, 1971). By structure is meant: (a) the kinds, numbers, and distribution
of plants and animals, and (b) the kinds, quantity, and distribution of abiotic
components such as oxygen, carbon dioxide, water, heat, nitrates, sunlight, etc.
By function is meant: (a) the volume and rate at which various elements such
as carbon, nitrogen, phosphorus, etc. circulate through the ecosystem, (b) the
quantitiy and rate of energy flow through the ecosystem, (c) the processes by
which living organisms change the abiotic environment, (d) the processes by
which the abiotic enviromment affects living organisms, and {e) the events
which regulate population levels of organisms (Owen, 1980).

The biotic (living) components are made up of two groups: the
autotrophs or producers and the heterotrophs or consumers. The autotrophs are
mainly green plants which fix the energy from the sun into their cells to
manufacture food from simple inorganic substances. The heterotrophs can be
subdivided into the macroconsumers or phagotrophs, chiefly animals which ingest
other organisms or particulate organic matter, and the microconsumer or
decomposers or reducers, chiefly bacteria and fungi which breakdown the complex
compounds of dead organic matter, utilize part of it, and in so doing release
some of the simple substances back into the ecosystem.

Energy flows and materials exchanges constantly occur between the
living and the non-living components of an ecosystem. An ecosystem functions
through these two major processes. Elements and compounds such as nitrogen,
oxygen, carbon dioxide, and water are involved in materials cycles. Organic
canpounds such as proteins, carbohydrates, humic substances, etc. i.e. the
by-products of organism activity, also go into cycles. Physical factors such
as soil, solar radiation with its concamitants of light and heat, moisutre, winds,
tides, and currents are involved in the cycles. The major source of energy that
drives the ecosystem to function is the sun. Although small in proportion to
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the sun's energy, the heat from the earth's interior also contributes to the energy
flow in the earth ecosystem.

1. Types of Ecosystem

There are two major types of ecosystems - terrestrial and aquatic. The
terrestrial ecosystems are the grassland, forest, desert and tundra. the aquatic
types are freshwater, estuarine and marine ecosystems. The terrestrial ecosystems
are classified on the basis of the predominant type of vegetation. The aquatic
ecosystems are differentiated on the basis of a chemical property, that is, salt
content. Freshwater (very low salt content) ecosystems include lakes, ponds,
streams and rivers. The oceans and the seas are marine (high salt content) eco-
systems. Coastal bays, river mouths and tidal marshes where freshwater mixes with
salt water are estuarine.

The terrestrial ecosystems are often referred to as biames (Kormondy,
1976) . Biomes of the same type are usually found within the same range of
latitudes. On tall mountains, as the Andes, Himalayas and the Rockies, the
distribution of biome-types is determined more by elevation than latitude.

Latitude plays an important role in determining the type of ecosystem
since the amount of solar radiation received, and the temperature developed,
depend on it. Latitude also affects wind patterns which strongly influence
precipitation patterns. Temperature and precipitation, the main factors of
climate, greatly influence the vegetation of a particular place. In addition
to climate and vegetation, the type of soil is also a major regulatory factor in
the distribution of bicmes. Soil and vegetation develop in parallel, influencing
each other, and being influenced by climate. Their interactions result in a
condition which is characteristic of a specific type of ecosystem. Therefore,
depending on its latitudes, a forest ecosystem may be boreal coniferous,
temperate deciduous, or tropical rain forest.

Our interests may not always concern the major types of ecocystems.
There are lesser ecosystems such as a fallen log harbouring organisms beneath
it or an aquarium, or a pool. So long as the basic assemblage of abiotic and
biotic components are interacting with each other leading to definite energy
flow and materials cycling, regardless of its size, the unit is an ecological
system or ecosystem. At the opposite extreme in size is the earth ecosystem
consisting of the whole earth and all the organisms in it.

2. Habitat and Ecological Niche

In understanding structure and function of ecosystem, it is important
to differentiate between habitat and niche. Generally, habitat refers to the
place where an organism lives and all things found in it, both living and non-
living. Thus the habitat of a particular organism is the place one would go to

find it. For example, you go to a pond to look for frogs and dig into

the soil for earthworms. Habitat also refers to the place occupied by an
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entire communityv (all the differ
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area) e.g. all the plants, animals, microorganisms in a particular
pond form a community and the pond is the habitat of this community.
The habitat of an organism or group of organisms (population),

on the other hand, includes the other organisms in the same area as
well as their physico-chemical environment. The ecological niche

of an organism refers both to the physical space it occupies and its
functional role in the community. It includes what the organism

does, e.g. how it transforms energy, behaves, responds to and modifies

its physical and biotic environment. Odum's analogy (1971) dis-
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tinguishes one from the other as follows: habitat is the organism's
"address", the niche is its "profession'" or "occupation".
3. Concept of Limiting Factors

The idea of limiting factors was first expressed in 1840 by
the German organic chemist, Justus von Liebig. He was concerned
with the effect of various factors on the growth of plants. He
found out the crop yield was often limited by the nutrients, usually
the trace elements in the soil, rather than those that are demanded
in large quantities such as water and carbon dioxide. He stated
that the growth of aplant is limited by the amount of nutrients
given to it in short supply. This later came to be known as the
law of the minimum. Other investigations led to the conclusion
that other environmental factors such as soil, temperature, moisture,
and the time element, also limit the growth of both plants and
animals. Organisms are impaired by an insufficiency or absence of
the nutrients and conditions needed in very small guantities for the
sustenance of life.

Later studies on environmental influences on plants and
animals showed that not only too little but also too much of a sub-
stance or condition affects the presence or success of an organism,
and the eventual development of an ecosystem. Organisms are found
to live within a range between too much and too little, the limits
of tolerance. V.E. Shelford's law of tolerance recognizes that
maximum and minimum substances or conditions limit the presence or
success of organisms (Smith, 1966). Organisms may have a wide
range of tolerance for one factor and a narrow range for another.
Hence, organisms that exhibit a wide range of tolerance for many
environmental influences would be widely distributed. In some
casesg, one condition that is not optimum for the organisms limits
its tolerance for other conditions. For example, Odum (1971) cites
Pennen's study that when soil nitrogen is limiting, the resistance
of grass to drought is reduced. 1In other words, grass in low
nitrogen soils require more water than those in soils with high
nitrogen content. Some organisms, on the other hand, utilize one
item that is abundant as a substitute for a deficient one. Some
plants; for instance, respond to sodium when potassium is in low
supply (Smith, 1966).

Odum combines the concept of the minimum and the limits of
tolerance to arrive at a more general and useful concept of limiting
factors. He says organisms are controlled in nature by (a) the
guantity and variability of available materials for which there are

minimum requirements and critical physical factors and (b) the
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limits of tolerance of the organisms themselves to these and other
components of the environment.

B. ENERGY FLOW IN THE ABIOTIC COMPONENT OF THE EARTH ECOSYSTEM

Radiant energy in the form of sunlight is the ultimate and only
significant source of energy for any ecosystem (Komondy, 1976).
It is important to consider how much and what kinds of radiant
energy reach the earth's surface as they largely determine the con-
ditions that govern life.

1. The Earth's Ultimate Source of Energy

Only a small portion of the sun's tremendous energy output
reaches the top of the earth's atmosphere. This is received by
the earth at a fairly constant rate. The solar constant is the
amount of radiant energy received at the top of the atmosphere and
has an estimated value of 2 calories per square centimeter per
minute (2 cal/cm?2 /min). This is the average value over the whole
globe for the whole year. The amount of solar radiation received
will vary slightly depending on the activity of the sun.

The solar radiation reaching the top of the earth's atmosphere
consists of a range of wavelengths, from high frequency shortwave
gamma rays and X-ray to low frequency long radiowaves. Not all of
this radiation reaches the surface of the earth. Atmospheric gases
absorb some of it.

Wavelengths may be measured in microns (4). A micron is one
millionth of a meter. The gamma rays of solar radiation, less
than 0.12 microns in wavelength, are mostly absorbed by oxygen and
nitrogen at an altitude above 100 km. Some gamma rays and X-rays
with wavelengths bewteen 0.12 and 0.18 microns are mostly absorbed
by oxygen above an altitude of 50 km. Those with wavelengths be-
tween 0.18 and 0.30 microns consisting mostly of ultraviolet rays
are absorbed by ozone at altitudes above 20-50 km. Wavelengths of
0.30 - 0.34 microns are partly absorbed by ozone. The light waves
of 0.34 to 0.71 microns reach the earth almost undiminished.

Some of the incoming radiation not absorbed by atmospheric
gases is scattered. Some of the scattered radiation returns to
space as diffuse reflected radiation and some reaches the ground as
diffuse solar radiation. Still other radiation succeeds in pene-
trating the top layers of the atmosphere but is still reflected
back to space.

Averaged around the year and the globe, the amount of energy
that penetrates to the earth's surface is about half of what strikes
the top of the atmosphere. Figure 1 shows what happens to the
solar radiation that is received at the top of the atmosphere.
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Solar Radiation at the Top of the Atmosphere
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Figure 1. The Fate of Incoming Solar Radiation

2. Factors Affecting Energy Flow in the Earth Ecosystem

So far what has been discussed are global annual averages of
energy flow. There are factors, however, that affect the flow of
energy and cause it to vary with time and with latitudinal location.
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These are the earth's spherical shape, the earth's revolution around
the sun in an elliptical orbit, the earth's rotation on an axis

. o
tilted 23.5° from the perpendicular to the plane of its orbit.

Due to the earth's spherical shape, not all places on its sur-
face receive vertical rays of the sun. Some places receive slanting
rays (Figure 2). The maximum solar radiation is received at a
place when the sun is directly overhead and, therefore, its rays are
vertical. Decreasing values of solar radiation are received as
one moves away from this point on the surface of the sphere (e.g.,
towards B) and the sun's rays become more slanting.
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Figure 2. Solar Radiation Value Received Decreases with
the Latitidue (not drawn to scale)
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The earth's elliptical orbit around the sun causes the distance
between the two bodies to vary by about 1.7 percent from the average
of 149.6 million kilometers. The earth is closest to the sun in the
first few days of January and farthest in the first few days of July
(Figure 3). This variation in distance produces a maximum difference
of about 3.4 percent in radiation received. (Ehrlich, 1977).

— =~
e
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| ) Januar
July e U ‘7 \4
\ Sun
NC ’///
-~
\\ﬁ_—”/
Figure 3. The Earth's Distance from the Sun Varies

Due to its Elliptical Orbit
(not drawn to scale)

The tilt of the earth's axis of rotation is mainly responsible
for the occurence of the seasons. The tilt is fixed even as the
earth revolves around the sun. The Northern Hemisphere is tilted
towards the sun during the Northern Hemisphere's summer. The
vertical rays of the sun and, therefore, maximum solar radiation
strike the Tropic of Cancer (23.5° north latitude) on June 21.

On the same day, the sun shines in the area North of the Arctic
Circle {(66.5° N latitude) for twenty-four hours. As the earth
continues to revolve while maintaining its tilt, the Southern
Hemisphere begins to face the sun. On December 21, the sun's rays
strike vertically on the Tropic of Capricorn (23.5° S latitude).
On this day the sun shines for twenty-four hours over the area
within the Antartic Circle. Twice a year (on March 21 and Septem-
ber 23) the equator receives direct maximum solar radiation. On
these two days both the Northern and Southern Hemispheres have 12
hours each of day and night. Also, because of the earth's rotation
on its axis which brings about night and day, the solar radiation
received at a given location varies. (see figure 4).
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Figure 4. The Tilt of the Earth’s Axis of Rotation Produces Variations in Solar Flux.
(not drawn to scale)
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Earlier it was mentioned that some of the solar radiation that
reaches the earth's surface is reflected back to space. The amount
of reflected radiation also varies with latitude. More is reflected
from the polar latitudes where the radiation strikes the surface at
maximum slant. The seasons also affect the amount of reflected radia-
tion from the earth's surface. Less is reflected from the hemisphere
tilted away from the sun, and more from the hemisphere facing the
sun. Snow and ice reflect more than vegetation and water.

At this point it may be well to recall the two laws of
thermodynamics that govern energy changes. The first law states
that energy cannot be created or destroyed. It may be transformed
from one form to another. The energy coming from the sun is in the
form of radiation. As radiation passes through the atmosphere and
reaches the ground it strikes some molecules or atoms or ions. Some
wavelengths of the radiation are absorbed and transformed into other
wavelengths or into heat. Different substances absorb energy
differently. Land surfaces absorb more radiation than water within
the same period of time, and release more heat. This results in hot
and cold areas on the earth's surface which ultimately lead to the
formation of wind systems.

Consider a small area on the earth's surface, part land and
part water. The land warms the air above causing it to expand and
a low pressure system develops. The low pressure air is pushed upward
by denser high pressure air that flows over the land from over the
water surface (figure 5). The space over the water surface, in
turn, is filled by the sinking cold air. The rising warm air eventu-
ally cools and flows toward the space created by the sinking cold air.
The result is a convection cell. Such conditions often occur near
the seashore and result in sea breezes.

Warm air flows toward water surface. Air gives off heat to space,

g
T

Hot air rises and is cooled Cold air sinks and is heated
by compression.

by expansion.

Air flows toward land.

Land < Water

e

Figure 5. A Convection Cell is Formed by Rising Warm Air and Sinking Cold Air.
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The horizontal flow of air in the cell is due to the differen-
ces in pressure over the land and water surfaces. Atmospheric
pressure is closely associated with temperature. Air flows from an
area of high pressure (and low temperature) to one of low pressure

(and high temperature).

On a global scale, similar processes of horizontal and vertical
air flows occur. Basically, air over the equatorial zone rises and
flows poleward where it sinks. Near the earth's surface the cool air
from the poles then flows toward the equator (Figure 6).

“Warm air Warm air

‘flows polewar flows polewar
// |d air
COIF‘ kair Cc;mks"
sinks

Hot air rises
. Cool air flowsj

toward the equator Equator ——— toward the equator

__— e North Pole

Pol ,
South Pole 'Figure 6.  Huge Convection Cells Over the Earth’s Surface |

Cool air flows

The flow of air, however, is not as simple as Figure 6 shows.
It is made more complex by what is known as Coriolis effect brought
by the earth's rotation on its axis. In the Northern Hemisphere,
moving air masses turn to the right and in the Southern Hemisphere,
moving air masses .turn to the left because of the Coriolis effect.

In the Northern Hemisphere, air masses converging toward an area of
low pressure from surrounding regions of high pressure turn to the
right resulting in counterclockwise moving spirals (Figure 7a). Air
masses flowing outward from a high pressure area to surrounding low
pressure areas turn to the right but do not spiral because the air

masses dissipate (Figure 7b).
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Figure 7. Broken Arrows Show What Would Be the Direction of wind Due to Differences
- in Pressure. Heavy Curved Arrows Show the Actual Direction Due to
Coriolis Effect.

In the Southern Hemisphere, air flow is in a direction opposite to
that in the Northern Hemisphere (Figure 8a and b).

Figure 8. Winds Blow in the Opposite Direction in the Southern Hemisphere Due to the
- Coriolis Effect.

The air pressure and the movement of air is also affected by
the amount of water vapor in the air. Air masses that have a great
deal of water vapor in them are lighter and therefore areas below these
moist air masses have low air pressure. (Although students might
think that moist air masses would be heavy, water vapor which is H0
has a relative weight of 18 while the mixture of gases that make up air
have a relative weight of 29.)

Close to the earth's surface, the wind is slowed down by friction.
Together with Coriolis effect and pressure differences, friction causes a change in
the overall direction of the wind. Figure 9 shows the presently-accepted overall
pattern of atmospheric motion.
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Figure 9. The Presently-Accepted General Global Circulation

3. Water Cycle, Its Role in Energy Flow

Water is an important agent of energy transfer and utilization
effected through the water cycle. The water cycle is a set of pro-
cesses that maintains the flow of water through the atmosphere and
the ecosystems on land and water. It involves water in liquid,
solid and gaseous states and all possible transformations among the
three states. It is these transformations that require and release
large amounts of energy.
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A gram of ice needs to absorb 80 gcal of heat energy to melt
into liquid water. To increase the temperature of one gram of
water by one degree Celsius needs 1 gcal of energy. To vaporize
one gram of water requires 536 gcal, an enormous amount of energy
about fifty times as much as is needed to lift it to an altitude of
5 kilometers (Ehrlich, 1977). The energy used to evaporate the water
is stored in the water vapor and is released to the environment as
heat when the water vapor condenses back to liquid. Thus, energy
received from the sun at one place on the earth's surface may be
released high in the atmosphere, and not necessarily over the same
location where the energy was delivered. Because of this mechanism
of redistributing energy by the transport and condensation of water
vapor, wide differences in temperature in different parts of the
earth that would otherwise occur due to the variations in incoming
solar radiation is avoided. What happens in the water cycle with
regards to enery flow clearly illustrates the first law of thermo-
dynamics - the law of conservation of eneray.

4. =Znergy Transformations and Eventual "Loss"

The second law of thermodynamics states that when energy is
transformed or transferred a certain amount of energy assumes a
form that cannot be passed on any further. Energy in concentrated
form is degraded into a dispersed form that becomes unavailable for
any more transformations. No energy transformation is 100 percent
efficient (Figure 10). Note the loss of heat energy at each con-

version point.
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Figure 10. An Emergy Conversion Series
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What happens then to all the "unavailable'" energy? The energy
is sent back to space as terrestrial radiation. Referring back to
Figure 2, it will be noted that of the total incoming solar radiation,
about 66 percent is absorbed by the earth - 19% in the atmosphere
(clouds, gas molecules, dust) and 47 percent at the surface. After
running the machinery of winds, waves, ocean currents, the water
cycle, and photosynthesis what remains as "unavailable" energy
usually in the form of heat, is dissipated into space.

5. Energy from the Earth's Interior

The sun is the most significant source of energy needed for the
life-giving processes (e.g. water cycle, photosynthesis) on the
earth's surface. But it is not the only source of energy on earth.
Some geologic processes are known to be powered by energy generated
deep in the earth's interior. The energy is in the form of heat
and is called geothermal energy. It is believed that most of this
heat results from the decay of radioactive elements such as uranhium
and thorium. It is also thought that Uranium 238 and Thorium 232
and other radioactive substances were already present when the earth
was formed.

Heat flows from the interior to the surface of the earth con-
tinuously by the processes of convection and conduction. If the
earth were completely insulated, the temperature on the surface would
continue to increase. But that does not happen. However, measure-
ments of temperature below the earth's surface at hundreds of sites
all over the world show a steady rate of increase of temperature
(@about 20° per kilometer) from the surface toward the interior. This
is in accord with the laws of thermodynamics that heat flows from
hotter to cooler media. When heat energy reaches the surface, it
does not accumulate there but is dissipated into space together wiwhb
some of the incoming solar energy.

Sometimes the energy from the interior of the earth finds its
way to the surface through magma flows, volcanic eruptions and mo-
tion of tectonic plates. These phenomena may result in earthquakes
which release tremendous amounts of energy in the mechanical form
and in the form of heat.

C. ENERGY FLOW IN THE BIOTIC COMPONENT OF THE EARTH ECOSYSTEM

So far what has been discussed is the flow of energy in the
abiotic part of the earth ecosystem. But the energy which is of
greater significance to the sustenance of human life is mainly through
the biotic components of the ecosystem.

1. Photosynthesis

Of the actual amount of energy the earth receives from the sun,
only about a tenth of 1 percent is diverted into living systems.

(Woodwell, 1970). This fraction of energy is fixed in photosynthesis,
a process by which solar energy is used by green plants to produce
sugar from carbon dioxide (CO,) and water. With a few minor excep-

tions, this process can occur only in the presence of chlorophvll,
the pigments responsible for the greencoloring of plants, to serve
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as catalyst for the reaction. Photosynthesis is represented by the
equation:

6Co, + 1200 _°7> K81 om0, + 60, + 6HYO
chlorophyll
There are two major phases of the photosynthesis process: (1) photo-

lysis, in which solar energy is utilized to split water molecules
in the plant cell into hydrogen and oxygen, and (2) carbon dioxide
fixation in which C02 combines with hydrogen to form sugar (Owen,
1980) . The process transforms solar energy into chemical energy
"locked" in the organic compound (sugar) it produces.

2. Respiration

More than half of the energy fixed in photosynthesis, however,
is immediately used up to support the living tissues of the plant
itself. The plant breaks down the sugar molecules and puts to use
the energy that once bound those molecules together. The process
by which plants mobilize the energy for their own sustenance is
called respiration. To simplify, respiration is the opposite of
photosynthesis - sugar is combined with oxygen to produce water
and carbon dioxide, and the energy thus released is trapped in
chemical bonds of special molecules that transport it to other
tissues where it will be used to sustain its own life processes.
The equation for respiration is as follows:

CO2 + H,0 + energy

(CH20)n + 02 5

3. Food Chain and Food Web

The energy not used by the plant for respiration is stored as
chemical energy in the organic molecules of the plant. Then at
any point this stored energy may enter the food chains.

A food chain may be defined as the transfer of enery and nu-
trients through a succession of organisms via repeated processes
of eating and being eaten. An example of a food chain is as
follows:

grass 3 tiny insects s lizard , rat

Each arrow pointé from one species to another which eats it. But
no one organism lives wholly on another. Resources are shared,
especially at the beginning of chain. Another food chain that may
exist in the same place may be:

grass 5 tiny insects 5 frog ; snake »~ hawk
At the beginning of both chains is grass hence the two are inter-
linked. In nature no food chain exists as an isolated entity. An
inerconnected series of food chains is called a food web. Figure 11
illustrates a food web in a tropical forest.
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Figure 11. - A Food Web In a Troplcal Forest
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4. Trophic Levels

Now, if the food webs showing all the organisms obtaining their
food in the same number of steps are superimposed, the structure can
be collapsed into a series of single points, representing the trophic
or feeding levels of the community. Thus each step in the food chain
represents a trophic level. Animals at the lower level may occupy a
single trophic level while those at the top may be found simultaneous-
ly in several trophic levels, as do the rat, the hawk, the eagle,
and the monkey in Figure 11. Let us try to identify the different
trophic levels in this sample food web.

The first trophic level, represented by green plants, is the

s or autotrophs ('"self-feeding"). The producers form the

base upon which the heterotrophic or "other-feeding" components of the"
community rest.

Directly on top of the producers are the consumers. Herbivores,
such as the tiny insects and the monkey, are the primary consumers.
These are the heterotrophs which derive their nutrition directly from
plants and are capable of converting energy stored in plant tissues
to animal tissues. Herbivores, in turn, are the energy source of
secondary consumers. These are carnivores or flesh eaters like the 1li-
zard and the frog in the food web example that feed directly on
herbivores. Secondary consumers are an energy source for the tertiary

consumers. These are carnivores that feed on other carnivores. In
the illustrated food web, the hawk, the eagle and the snake belong
to this group. Still higher categories of carnivorous animals

feeding on higher level carnivores may exist in some communities.

Many consumers do not limit feeding to one trophic level. The
human species, for example, feeds on both plants and animals. Many
species belong to both herbivorous and carnivorous levels. Consumers
that belong to both levels are called omnivores.

Finally, the energy stored at the top consumer level is utilized
by the decomposers. They make up the end feeding group. Decomposers
are chiefly microorganisms (bacteria, fungi and yeasts) which are
capable of breaking down the wastes and remains of organisms into
simpler substances. By the action of decomposers, organic matter can
become soluble and changed into inorganic forms that plants can use
in photosynthesis. (see figure 12).

5. The Ten Percent Law

Earlier it was discussed that only a small percentage of the
energy received from the sun is fixed by green plants in photosyn-
thesis. It was also mentioned that some of the fixed energy is
used by the plant in its own respiration. Much of the energy input
in animals is used to sustain their life functions (digestion,
circulation, respiration, excretion, movement, growth, and so on).
Hence less than 10 percent of the plant energy is converted into
chemical energy in animals that eat the plants. Roughly 10 percent
of the energy may, in turn, be passed on to other animals that eat
the animals that eat the plants. Consider this food chain:



Sun \fﬂmant\“ A\e“’
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Figure 12. Energetics of Organisms and Ecosystems
(Source: Edward J. Kormondy, CONCEPTS OF ECOLOGY, 2nd Ed., ¢ 1976, p. 10.
Reproduced by Permission of Prentice-Hall, Inc., Englewood Cliffs, N.J.)
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The cow is about 10 percent efficient in converting grass into beef.
Similarly man is only 10 percent efficient in converting beef into
human flesh. Green plants are less than 1 percent efficient in con-
verting solar energy into chemical form in the sugar molecules.
Assuming that 1000 calories of solar energy were taken in by the
grass, only 0.1 calorie will be available to man at the end of the
food chain. This phenomenon is sometimes called the 10 percent law.
The relationships can be graphically shown by an energy pyramid.
(Figure 13).

B R

The ten percent law is a practical expression of the second law
of thermodynamics as it applies to food production and energy dis-
tribution in biological systems. Biological systems have low effi-
ciency in energy transformations. A large amount of energy always
becomes utilizable at each transfer.

Attention is now called to a most important characteristic of
energy flow: the movement of energy through the ecosystem is uni-
directional and noncyclical. Unlike water and other forms of matter
which are in cycles, energy flows in one direction and is not
naturally recycled.

Human energy 0.1 calorie
/ Cow energy 1 calorie
/ Grass energy 10 calories

Solar energy 1000 calories

\

Figure 13. An Energy Pyramid
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D. MATERIALS FLOW IN THE BIOGEOCHEMICAL CYCLES

Much as life on earth depends on the flow and distribution of
energy, life also depends on the availability of some materials in
appropriate forms and quantities. Those materials essential to life
are called nutrients. They can be categorized into three groups:

(1) the four main chemical building blocks of living (organic)
matter (carbon, oxygen, hydrogen and nitrogen); (2) the macronutri-
ents (sulfur, phosphorus, calcium, sodium, magnesium, iron), meaning
elements needed in smaller but still significant quantities for
life; and (3) the micronutrients, those elements needed in trace
amounts yet essential to life processes. These materials flow from
the abiotic to the biotic and back to the abiotic component again of
the earth ecosystem, in more or less cyclical manner known as bio-
geochemical cycles. The kind of nutrient involved in the cycle
determines the rate at which it is removed and returned to its
reservoir.

There are three types of biogeochemical cycles (Kormandy, 1976) :
(1) the hydrologic or water cycle which involves the movement of
water; (2) the gaseous nutrient cycles in which the atmosphere
constitutes the major reservoir of the elements (carbon, nitrogen,
oxygen) involved; (3) the sedimentary type of cycles (phosphorus,
sulfur, magnesium, etc.) in which the lithosphere, the solid part
of the earth, is the major reservoir of the elements. All three
types involve biological and non-biological agents, and the last two
kinds of cycles are both closely related to the hydrologic cycle in
one way or another.

Note that, whereas the energy flow in the earth is a one-way
or an open system, meaning that the energy comes largely from out-
side the earth and is dissipated back to space, the materials or
nutrients flow in the earth is almost entirely a closed system..
Unlike energy, there is practically no source of materials or
nutrients outside of the earth itself. Nutrients are cycled and re-
cycled within the earth ecosystem.

1. Earth Processes, Their Role in Nutrients Flow

Before going into the specific steps that nutrients undergo in
their cycles, a discussion of how the nutrients are made available
and transported to different parts of the earth's surface is in
order. In the closed system of the materials cycles, nutrients are
distributed in different parts of the earth in varying abundance.
Many geophysical processes help in transporting and releasing
these nutrients to make them available for use in the biotic world.
These processes include mountain-building by uplifting of the
earth's crust, the wearing away of exposed rock surfaces by the
action of rain, wind, ice, and chemical processes (together these

effects are called weathering), the transport of particles of rock
and soil by water and wind (erosion), and the formation and trans—

formation of new rocks.

Recent findings about the structure of the earth reveal that
the earth's crust is divided into six major tectonic plates that
"float" on a semi-plastic mantle (Figure 14). Along the edges of
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"Figure 14. The Six Major Tectonic Plates of the Earth
AModified from Matthews, 1973)
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the plates much geologic activity occurs. It is in these areas where
most earthquakes originate as a result of the crustal plates sliding
past and bumping against each other. From these giant cracks in the
earth's crust, new materials from the earth's interior flow to the
surface carrying with them elements that would eventually be incor-
porated into the living world. Motions of the crust also result in
uplifting and folding of some areas eXxXxposing rocks that would
gradually be weathered away by physical and chemical processes. The
weathered materials from some of the raw materials for new soil (the
formation of which is helped by the action of living organisms).
Some of the chemicals liberated from the rock by weathering become

available to the biosphere as nutrients. Large amounts of materials
transported from high elevations are deposited by ice, wind and water
on the lowlands and on the ocean floor. All these processes occur

over hundreds of thousands to millions of years.
2. Water Cycle, Its Role in Nutrient Flow

Water plays a significant role as an agent of nutrient distri-
bution over the entire earth. (It should not be forgotten that water
constitutes 70% or more of the weight of many living organisms) .

Astronauts who have seen the earth from outer space describe it
as a blue planet. This is to be expected since 70% of the earth's
surface is covered by oceans which contain 97.2% of the world's
total water supply. Table 1 gives the approximate percentages of
the global water distribution.

Table 1. Water distribution in approximate
percentages in different parts of the earth.

oceans and seas 97.2
glaciers and ice caps 2.15
groundwater 0.62
lakes 0.017
atmosphere 0.001
rivers 0.0001
living matter 0.0001

Despite the great amount of water on earth, only about 0.005
percent of the total water supply is moving through the hydrologic
cycle (Figure 15) at any instant. The interchanges of water between
air, land, and sea and between living organisms and their environment
form the links in the cycle. The principal flows in the hydrologic
cycle are: (1) evaporation of water from the surface of oceans and
other bodies of water and from the soil to the atmosphere; (2) trans-
piration of water by plants which adds water vapor to the atmosphere;
(3) horizontal transport of atmospheric water from one place to
another, as vapor or as the liquid water droplets and ice crystals
in clouds; (4) precipitation of atmospheric water vapor by
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condensing and falling on the oceans and the continents as rain, hail,
snow or sleet; and (5) runoff of water on the earth's surface to
lower levels until it reaches the oceans. Over the continents the
contributions of evaporation and transpiration are difficult to
separate so that they are put together and referred to as evapotrans-

piration.

Of importance to biologists and environmentalists is the resi-
dence time of water in the different parts of the cycle. Residence
time is the period a water molecule stays at a particular stage of
the water cycle. Such periods vary from nine days to about 10,000
years depending on the location and the physical state of water.

(See Table 2). Since water carries with it other elements in the
disseclved form, residence times are important in the transport of
nutrients. The recent concern for environmental pollution has point-
ed out an even greater significance of residence time of water as
regards the transport of pollutants.

Table 2. Average Residence times of water
molecules in the hydrologic cycle

Location Average Residence Time
Atmosphere 9 days
Rivers 2 weeks
Sail 2 weeks to 1 year
Largest lakes 10 years
Shallow groundwater 10's to 100's of years
Oceans 120 to 300Cyears
Deep groundwater wp to 10,000 years
Ice cap 10,000 years

3. The Gaseous Cycles
a. Carbon Cycle

The main reservoir of carbon is the atmosphere in which at-
mospheric carbon dioxide (COZ) is found. Some of the CO, is also
found dissolved in the waters of the earth. But by the process of
diffusion this CO, readily finds its way into the atmosphere.

It will be recalled that energy transfers with the consumption
and storage of organic compounds by living systems. Follow the
carbon cycle in Figure 6 from the time it enters living organisms by
way of photosynthesis in the form of COp. Carbon in the CO,, to-
gether with hydrogen and oxygen in water and the energy from the sun,
becomes a part of simple carbohydrate (sugar). The carbohydrates
are then synthesized by the plant into complex carbon compounds in
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plant tissues. When these plants are eaten by animals (the herbivores),
the carbon compounds are resynthesized into other forms. When the
carnivores eat the herbivores the carbon compounds are redigested and
further resynthesized. Through respiration of plants and animals,

some of the carbon is returned to the reservoir in the form of CO,.

The carbon locked up in animal wastes and plant and animal remains is
released eventually by the decomposers that act on these materials.
Bacteria and fungi break down the complex organic compounds into
simpler forms, thereby releasing most of the organic carbon as COy
again.

CO, Reservoir
(atmospheric * aquatic)

4 A ? . . T A
respiration | ' I respiration
biochemical photosynthesis
combustion | fixation chemosoyrnthesis
. + chemical
CONSUMERS [¢——— herbivores PRODUCERS combustion
~———__ death and
wastes combustion
weathering
decomposition ————— volcanic
DECOMPOSERS L\\‘\\\; activity v

> peat, coal, and oil
and carbonate rocks

Figure 16. The Carbon Cycle

Part of the organic carbon, however, is kept out of circulation
for thousands of years. This is the carbon that becomes incorporated
in the earth's crust as coal, gas, petroleum, limestone and coral
reefs. Some CO, is released from limestones through weathering.
Industrialization now liberates much of the fossilized carbon on
earth at a rate that is feared to increase the concentration of
atmospheric CO, to dangerous levels.

b. Nitrogen cycle

Nitrogen (N2) is the most abundant element in the atmosphere
with a concentration of about 79 percent. But this gaseous nitrogen
has first to be "fixed" into a compound such as ammonia (NH3) before
it can be used by living organisms. Small amounts are transformed by
electrical discharge (lightning) in the atmosphere. Some nitrogen-
fixation is also attributed to the energy released by volcanic
eruptions. The bulk of nitrogen-fixation, however, is carried out by
microorganisms such as bacteria and the blue green algae which abound
in soil and water.
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The nitrogen cycle (Figure 17)is a complex web of biological
and chemical processes. Nitrogen in the atmosphere diffuses into the
air spaces of the soil. Nitrogen gas entering the root swellings
(nodules) of legumes is fixed into the plant by nitrogen-fixing
bacteria as nitrites and then converted into nitrates. Aided by the
bacteria and fungi of decay, nitrates combine with hydrogen forming
ammonia which is converted into amino acids, the "building blocks" of
proteins. The host plant (the legume) then builds up its own protein
from the surplus amino acids no longer needed by the bacteria. When a
consumer, for example a cow, feeds on the host plant the nitrogen in
the plant protein is incorporated into the consumer's protein (animal
protein). The consumer excretes nitrogen-containing wastes (manure
and urine). When it dies, its carcass is decomposed by the action of
successive groups of bacteria in a process referred to as nitrification.
The first microorganisms to act on the carcass are the bacteria of
decay which convert the proteins into ammonia. Then the nitrite
bacteria convert the ammonia into nitrites (NOjy) such as potassium
nitrite. Finally nitrate bacteria convert the nitrites into nitrates
(NO3) such as potassium nitrate. Plants such as rice, corn, trees,
or shrubs may now absorb the soluble nitrate through their roots and
use them to build up their own protein compounds. Then the cycle
starts all over again.

As the cycle proceeds, nitrogen is also transported from one
ecosystem to another. The example given here (Figure 18) shows the
flow of nitrogen from a terrestrial ecosystem to an aquatic ecosystem
and back to a terrestrial one again. This also demonstrates the role
of a biotic agent (birds) and an abiotic agent (water) in the nutrient
flow.

c. Oxygen cycle

The oxygen cycle relative to the nitrogen cycle, is a simple
one, nevertheless vital. The biologically significant oxygen is that
found free in the atmosphere or dissolved in oceans. Chlorophyll-
bearing plants are the world's oxygen synthesizers through photo-
synthesis. Both plants and animals utilize oxygen from the atmosphere
in respiration and give it back to the atmosphere or the oceans combined
with carbon as CO,. The carbon dioxide in turn, is used by green plants
as an essential raw material for carbohydrates synthesis releasing
oxygen again in the process.

4. Sedimentary Cycles

Most other elements and compounds differ somewhat from nitrogen
carbon, oxygen and water following a basic sedimentary cycle pattern
in which the processes of erosion, sedimentation, mountain building
and volcanic activity are the primary agents of circulation (Odum,
1971). For these nutrients the earth's crust serves as the reservoir.
In contrast to the gaseous nutrient cycles, none of the nutrients in
the sedimentary cycles goes through the cyclic flow as readily as
carbon and nitrogen. Furthermore, sedimentation in oceans and deep
continental lakes results in long-term stagnation stages keeping the
nutrient out of circulation (Kormondy, 1976).
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a. Phosphorus

The phosphorus needed for life sustenance is quite small com-
pared to the demand for oxygen or carbon dioxide. Yet the element
is a limiting nutrient in many cases due to its scarcity in accessi-
ble form in the biosphere. This natural scarcity of phosphorus is
due to its chemical properties. It does not form any important
gaseous compounds under natural conditions, depriving the phosphorus
cycle of an atmospheric pathway as is common to the other elemental
cycles. This ties it to an earth-bound pathway of sedimentation,
uplift and weathering which take hundreds or thousands of years or
more to complete. Phosphorus forms insoluble compounds in the soil.
In insoluble forms its uptake by plants and transport by surface
water and groundwater is made difficult (Figure 19).

The phosphorus cycle is similar to the nitrogen cycle in that
most of the flows in the cycle are between the living components and
the pool of decomposition products. Also, if the nitrogen cycle is
aided by denitrifying bacteria, the phosphorus cycle proceeds with
the action of phosphatizing bacteria which convert phosphorus com-
pounds in once living tissues into inorganic phosphates.

b. Sulfur

The sulfur cycle (Figure 20), though not yet as well under-
stood quantitatively as the other nutrient cycles is chemically
complicated and definitely important in the biosphere. It is very
important for several reasons: sulfur plays a significant role
in protein structure; its main gaseous compounds are harmful to
mammals; its compounds affect the acidity of rainfall, surface
water and soil; and it is possible that in the long run sulfur com-
pounds affect the concentration of molecular oxygen in the atmos-
phere (Ehrlich, 1977).

The fact that sulfur can assume several oxidation states is
the main reason for the complexity of its cycle. Aided by bacteria
it may undergo many transformations. The compounds formed with sulfur
also depend on factors such as presence or absence of oxygen and light
and the acidity or basicity of the environment. Sulfur can exist in
nature as hydrogen sulfide (H32S), hydrosulfide ion (HS) and sulfide
ion (S=) with a -2 oxidation number; as disulfide ion (S, with a -1
oxidation number; as elemental sulfur (Sp, Sy, Sg) with a O oxidation
number; as sulfur dioxide (SO;) and sulfurous acid (H;SO3) with a +4
oxidation number; and as sulfur trioxide (S03), sulfuric acid (H,SOy)
and sulfate ion with an oxidation number of +6.

Nutrient flow keing cyclic, no new supply is added to the
stock at the same time that none is "lost". It may not be the same
molecules that go through the biotic system. Some molecules may
find their way into places, like the deep seas beyond the range
of light, where they become inaccessible, thus out of biological
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circulation. The nutrient molecules may remain in such a stagnation
state for decades or even hundreds of years. Human intervention ac-
celerates the flow towards the stagnation pool exceeding the regenera-
tion of new materials from underlying rocks.

5. Biolegical Magnification

Just as the energy flow is affected by the food chain and its
“"ten percent law" causing the amount of the transferred energy
to diminish so is the nutrient flow also influenced by the food
chain but in a reverse manner. Whereas energy is dispersed with each
link in the chain, some substances become concentrated. This concen-
tration of substances in living things came to be known as
biological magnification (E.P. Odum, 1971). An example of biological
magnification is the buildup of DDT residues. Some years back DDT
was liberally sprayed on marshes and ponds to destroy disease-
carrying mosquitoes. The concentrations used were thought to ke not
lethal to organisms other than for which it was intended. However,
the poisonous residues in the dead decaying organisms became
concentrated in the tissues of organic debris feeders, mainly small
fishes and scavengers like fiddler crabs. The fishes in turn were
eaten up by a variety of birds where DDT residues accumulated in
the fatty tissues to levels that interfered with egg shell formation
The end result of the widespread use of DDT was the wiping out of
whole populations of fiddler crabs and predatory birds like the fish
hawk. What began as something dangerous only to one species ended
up lethal to several populations.

The effects of human activities on the biogeochemical cycles
will be discussed in greater detail in a later section.

E. POPULATION DYNAMICS

The study of populations began in the sixteenth century when
Graunt (c. 1662), a British student of human population, first
described the human population in quantitative terms (Krebs, 1978).
He saw the importance of quantifying birth rate, death rate, sex
ratio and age structure of human populations. Leewenhoek made one
of the first attempts to calculate theoretical rates of increase
for an animal species. Buffon in his Natural History (1756) recog-
nized the fact that human as well as animal and plant populations
are subject to the same processes of population regulation. However,
it was Malthus who presented the most controversial ideas in his
Essay on Population (1798). His calculations showed that, although

the numbers of organisms can increase geometrically (1,2, 4,8 16,...),
their food supply may never increase faster than arithmetically
(1,2,3, 4,...). The great disproportion in their increases led Malthus

to infer that reproduction must eventually be checked by food pro-
~duction. Many social scientists questioned Malthus' ideas. Others
used them as bases for further work as Darwin did for his theory of
natural selection.

The study of populations was greatly helped by work on insect
pests of crops. The regulation of population size of insect pests
was the main concern of the work. Better understanding of the
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factors and processes that affect a population came as a welcome divi-
dend of the studies conducted.

As defined earlier, a population is a group of organisms of the
same specieg occupying a particular space at a particular time. A
population has a birth rate as well as a death rate, a growth form,
density, and age structure and a numerical dispersion in time and
space (Smith, 1966). It is a self-regulating system as will be shown
in the succeeding paragraphs describing the factors and processes
that affect populations.

1. Density

Population density is the size of a population in relation to a
definite unit of space. It is generally expressed as the number of
individuals per unit area or volume. Thus, for human population
density we say 100 persons per square kilometer; for trees, 200 trees
per hectare; for diatoms, 5 million diatoms per cubic meter of water.
The density of organisms on an area varies. It may change with the
seasons, with weather conditions, with food supply, and many other
influences. There is, however, an upper limit to the density of a
population within a unit area, imposed by size and trophic level
(Smith, 1966). Generally, the smaller the organism, the greater is
the abundance per unit area. The larger the size of the organisms,
the lesser is its numerical density. Also generally, the lower the
trophic level of the species, the greater is its density.

2. Natality, Mortality and Dispersal

Natality, mortality and dispersal are determinants of population.
Population density depends upon the number of individuals added to
the population and the number leaving or dying. The difference be-
tween the birth rate and the death rate and the balance between immi-
gration and emigration determine the number of organisms in a given
place.

Natality is the production of new individuals in the population.
The greatest influence on population increase is usually natality.
The term natality is used instead of births because it covers the pro-
duction of new individuals by birth, hatching, germination, or fis-
sion. Natality may be expressed as the number of offsprings produced
per female per unit time. For human populations, the term birth rate
is used.

Mortality, the antithesis of natality refers to death of indi-
viduals in the population causing a decrease of population number.
Mortality may be expressed as the number of individuals dying in a
given period. The term death rate is used instead of mortality rate
for human population. The death rate is the number of deaths
occurring in a given time interval divided by the average population.

Like natality, mortality varies with age groups. And since the
number of survivors is more important to the population than the
number dying, mortality is better expressed in terms of life expectan-
cy. In fact, there are also two ways of describing mortality:
physiclogical or maximum longevity and ecological longevity.
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Physiological longevity is defined as the average life span of members
of a population living under optimum conditions and dying natural
deaths due to old age or senescence. It is a constant for a given
population. Ecological longevity, on the other hand, depends on and
varies with environmental conditions.

Dispersal of population is the movement of individuals, seeds,
spores, larvae, etc. into or out of the population or population
area (Odum, 1971). There are three forms of population dispersal.
One-way inward movement leading to an increase in the population is
immigration. Opposite this is emigration, a one-way outward movement
leading to a decrease in population. The third form of dispersal
is migration, the periodic departure and return of memhers of the
population. When immigration balances emigration then dispersal has
little effect on the total population. Changes in natality and
mortality usually have greater effects on population number than
dispersal.

3. Age Structure

An important population characteristic that influences and is
influenced by natality and mortality is age structure. Reproduction
is limited to certain ages and mortality is most prominent in
others. A population may be divided into three age groups: prere-
productive, reproductive and postreproductive. Changes in the
ratios of these age groups will be reflected in the production of
offsprings and their survival to maturity which, in time, changes the
age structure of the population. A large proportion of the prere-
productive individuals characterize a rapidly expanding population.
A more even distribution of different age groups leads to a more
stationary population. A large proportion of postreproductive
individuals indicate a declining population (Figure 21).

4. Population Growth Form

A population grows until it reaches some form of equilibrium
with the environment. When a population first colonizes an un-
occupied habitat, the environmental conditions may just be right for
its needs and the resources may be abundant. Under such conditions
the population tends to increase geometrically, doubling its number
rather fast. The population continues to grow until the maximum
number that the habitat can support is reached. The maximum number
is called the carrying capacity of the habitat. In excess of the
carrying capacity the detrimental effects of increased density
begin to act on the organisms causing a decline in the growth rate.
According to Malthus a given environment and its resources has a
definite carrying capacity for a given species.

It has been found out that populations have characteristic
patterns of increase which are called population growth curves as re-
vealed by graphing population number against time. One is a J-shaped
growth curve which shows an exponential increase in density then an
abrupt stop followed by a plunge due to a sudden impact of a limiting
effect (Figure 22). The other type is the S-shaped or sigmoid growth
curve (Figure 23) which shows a slow increase at first, then becomes
rapid and slows down again with increase in enviromental resistance.
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Figure 21. Different Types of Population as a Result of Different Age Group Ratio: A. An Expanding
Population, B. A Stable Population, C. A Declining Population
(Source: Edward J. Kormondy, CONCEPTS OF ECOLOGY, 2nd Ed., c 1976, p. 95.
Reproduced by Permission of Prentice-Hall, Inc., Englewood Cliffs, N.J.)
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The equilibrium level may be maintained for sometime before a gradual
decrease is registered. Studies have shown that the growth of a
number of laboratory and natural populations approximates the S-shaped
growth curve, especially if introduced in unfilled environments
(Smith, 1966). But as populations grow, age structure changes,
causing the growth curve to fluctuate around the levels of the
carrying capacity. The J-shaped growth curve is often found in in-
sect populations where a sharp drop in the population is observed

as the population exceeds the carrying capacity. Growth curves of
populations may follow combinations or modifications of the two

basic growth curves, depending upon the species and environmental
conditions.

5. Regulation of Population Size.

There are two fundamental observations about populations.
The first is that abundance varies from place to place. Some habi-
tats are '"good" for a certain species hence its organisms are common-
ly found there. Some are "poor" habitats for the species; its
organisms are rarely found there. The second observation is that
no population increases indefinitely. The growth of populations -
human, plant, or other animals is not limitless (Krebs, 1978).
What factors affect the growth of populations?

The factors that bring about natural regulation of population
sizes has been the subject of prolonged controversies. The early
workers were divided into the biotic school and the climate school.
The biotic school proposed that biotic agents, principally predators
and parasites, were mainly responsible for the natural regulation
of population. The climate school, on the other hand, held that
population size was regulated primarily by the effects of weather.
Over the years each school was expanded to include newer findings.
Smith (1966), for instance, said that the factors that bring about
natural regulation of populations may be grouped into the density-
dependent factors such as parasitism, disease, competition, predation
which are mainly biotic in nature, and the density-independent factors
or abiotic factors primary of which is climate (Krebs, 1978).

Smith (1966), however, added that climate may sometimes be density-
dependent, as in the case of protective refuges. If there are not
enough refuges to go around and all the unprotected individuals die,
then climate as a factor of natural regulation becomes density-
dependent.

The claims of both the biotic and climate schools are valid
but for different types of environments. In "good" habitats, i.e.
environments that are typically favorable to the species, regula-
tion is wrought by density-dependent processes. In "poor'" habitats,
environments that are unsuitable to the species, numbers change
mainly in response to density-independent processes. It should also
be emphasized that a habitat "good" for a certain species may be
"poor" for another species. Hence the quality of the habitat as
to environment is defined only for a particular species.

What has been mentioned so far are the extrinsic forces, factors
of natural regulation that are outside the population itself: food
supply, natural enemies, weather, diseases, and shelter. It has
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been found, however, that these are not the only forces that act on
populations affecting their abundance. Some forces are generated
with the population. Intrinsic changes caused by self-regulatory
mechanisms within the population itself have been observed.

Studies have shown that populations develop buffer mechanisms
that prevent or decrease the impact of extrinsic factors. Take, for
instance, food supply. Population densities are limited below starva-
tion level by the device of substituting conventional goals of competi-
tion for food (Krebs, 1978). Territoriality is exhibited by indi-
vidual animals that claim a certain area and defend it against
others of the same species and sometimes against others of different
species. This behaviour is especially conspicuous during the breeding
season. Social dominance and hierarchy in populations also help
regulate their abundance. Each individual assumes a position in the
group depending on its dominance or submissiveness proven by fighting,
bluffing and threat at initial encounters. Once social rank is
established social harmony ensues in the population with the formali-
zation of intraspecific competitive relations which, thereafter,
serve to resolve disputes with a minimum of fighting and waste of
energy (Smith, 1966). In addition to social behaviour, studies point
to physiologic control mechanisms inveolving the endocrine system
to regulate population size. Evidence suggests that socio-psychological
factors affect individuals, specifically their pituitary and
adrenal glands (Kormondy, 1976). Stresses brough about by crowding,
or social pressures, such as dominance and subordination, result in
delayed or even total inhibition of sexual maturation, increased in-
trauterine mortality, abnormal births, psychological derangement,
and kidney and liver diseases, both of which are closely related to
adrenal malfunctioning. All of these prevent a run-away increase
in population.

Although studies on self-regulation of population were done
mainly on birds, and mammals, ideas that came from the researches
have been adapted and accepted to apply to most populations.

6. Natural Selection and Evaluation

Another intrinsic form of natural regulation is what is referred
to as genetic feedback mechanism. This implies some evolutionary
changes within the population involving changes in the genetic
properties of the organisms,

Natural selection is a creative process in evolution. It is the
differential reproduction of genetic types. It is what shapes
populations and species in response to changing environments.

Natural selection is responsible for making one kind of genetic in-
formation, for example, a certain type of hemoglobin, more and more

or less and less common in the gene pool of a human population.

This is a response to a change in the environment, probably an increase
in the population of malaria-carrying mosquitoes. The presence of

that type of hemoglobin in the individual's bloodstream makes him
resistant to the disease. Hence individuals who carry this hemoglobin
type become more dominant in the population than those that carry the
susceptible hemoglobin type. What happens is a gradual change in the
population's gene pool and this constitutes the basic process of evolu--
tion.
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A key point about natural selection is the fact that it can
operate only when there is genetic variability in a population. If
all individuals are genetically identical with no variation, then no
differential reproduction of genetic types can occur. If so, the
population is highly vulnerable to environmental changes because it
lacks the ability to make evolutionary adjustments. Such a popula-
tion is probably doomed to extinction.

Other evolutionary forces such as mutation, migration, and
genetic drift also cause changes in the gene pools of populations.
Mutation changes the chemical structure of a gene. When that gene
is introduced in the gene pool it effects a change in the gene pool's
constitution. The flow of immigrants and emigrants into and out of
a population often results in the introduction or withdrawal of
certain genetic characters. Both mutation and migration increase
the variability of population, enhancing conditions for natural
selection.

When a coin is tossed a hundred times it is unlikely that one
gets tails 50 times and heads, the other 50 times. In statistics,
this is attributed to sampling error. Likewise, when a certain
genetic information is passed on from one generation to the next, the
second generation would possess that genetic information in the same
frequency as in the gene pool. Thus the gene pool of the second
generation would be different from that of the first. This phenomenon
is referred to as genetic drift. The magnitude of genetic drift
depends on the size of the population. It has a greater impact on
small populations than in bigger ones. In a big population the like-
lihood of passing on the genetic information to more individuals is
greater than in a small population but the percentage of the affected
individuals to the total of the big population is low. Genetic
drift more often than not, results in a decay of variability. Loss
of genetic variability greatly reduces the chances for a population
to evolve appropriately in response to environmental changes and
thus enhance the probability of extinction (Ehrlich, 1977).

F. HUMAN INTERVENTION IN NATURAL PROCESSES

"Pick a pasque flower and you touch a distant star."

The ecologist who said this was of course exaggerating. But
the point hewanted to emphasize is the interrelatedness of things in
the universe, that a living think affects a non-living object and
vice-versa, no matter the distance. When human beings cause some
change to occur on one thing in their immediate environment, the
effects do not end on that particular object but usually triggers a
chain reaction of causes and effects.

Humans have always had some effects on the ecosystem of which
they are a part. Their development of science and technology has
deepened the human impact on the earth ecosystem. Human activities
have altered some characteristics of the earth's surface, increased
or decreased the amount of stock energy involved in a part of the
natural energy flow, and increased or decreased the amount of
materials carried in a part of the natural materials cycles in the
earth ecosystem. Humanity has both inadvertently and deliberately
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caused these modifications. The succeeding discussions deal with human
activities that affect natural processes on this planet.

1. Human Activities that Affect Energy Flow in the Earth Eco-~
system

Significant modification of the earth ecosystem by humanity
began with the development of agriculture. When human beings were
merely food gatherers, that is, they subsisted on hunting animals and
gathering seeds and wild fruits, their effect on the environment
was minimal, being confined to the immediate vicinity of the fires
they maintained for warmth and cooking. With the advent of agricul-
ture the effects became extensive due to the clearing of land of its
natural vegetation to plant crops. The vast stores of food that
became available due to planting encouraged the rapid increase in
human population. More people means occupancy of more land, thus
further increasing the effect of humanity on the environment.

With the spread of agriculture, trade and commerce flourished
and led to the movement of people between settlements. As population
increased, humanity's lifestyles became more and more complex result-
ing in greater demands for energy and materials.

a. Increased combustion and carbon dioxide production

Humanity's demands for more and better material comforts led
to increased production and manufacturing processes which reguired
increased combustion. More and more fossil fuels had to be burned to
run machines that produced the material things. And the trend
continues up to the present. How does increased combustion affect
the natural energy flow?

Recall that an end product of combustion is carbon dioxide.
This gas is also produced when animals breathe and plants respire.
It is also released by decaying organic materials. Increasing com-
bustion by burning more fossil fuels to run industries increases
atmospheric CO3. The concentration of atmospheric COp; has increased
from the 290 parts per million (ppm) in 1900 to about 330 ppm today
(Owen, 1980). 1If the rate of combustion of fossil fuels is maintained
at the 1975 level and if all the CO2 produced remains in the atmos-
phere, there will be enough to increase COj3 concentration by 3 ppm
per year. Nature, however, has its own cleansing machinery. Roughly
half of the CO2 produced since heavy reliance on fossil fuels began
has been absorbed in the upper layers of the oceans, and converted to
terrestrial and oceanic biomass.

The part that remained in the atmosphere is of considerable
climatic significance because of the role played by CO; in the earth's
energy balance through the so called "greenhouse effect"(Fig.24). Recall
that the earth's surface radiates back to space some of the energy it

receives from the sun. This radiation is in the form of long infra-
red (IR) rays or heat waves. Carbon dioxide and water vapor trap
the IR radiation preventing it from escaping into space. Increased

CO, in the atmosphere means more IR rays trapped, thereby increasing
the average temperature of the atmosphere and the earth's surface.
It is estimated that if all other factors remain constant, the
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enhanced greenhouse effect associated with the increase in CO,; concen-
tration could cause a global temperature increase of 0.3°C to 0.6°C
between 1975 and the year 2000 (Ehrlich, 1977). Such increase could
cause significant changes in atmospheric circulation, desertifica-
tion of fertile farming lands and extensive melting of polar caps

and sea ice with a consequent rise in sea level - a disaster for
low-lying coastal areas.

_ Other effects on the ecosystem due to increased combustion will
be discussed later as these involve interference more in the materials
cycling than in the energy flow.

b. Smog, soot, and other particulate matter

Varied human activities have also released particulate matter
into the atmosphere. These occur in a variety of sizes and chemical
compositions including dust, soot, smog (smoke and fog) and heavy
metals such as cadmium, mercury, and lead. Particulates with a
diameter of 10 microns (1 micron = one thousandth of a millimeter) or
less have a very low settling velocity so that they tend to remain
suspended in the atmosphere. It is estimated that the total annual
load of particulates generated by the earth now amounts to about 800
million tons (Owen, 1980). Sources contributing to this amount
include the combustion of fossil fuels:; the razing of old buildings:
the piles of trash:; agricultural activities such as plowing, cultiva-
ting and harvesting; slash-and-burn farming in Asia, Africa and South
America; forest fires; debris burning by loggers:; dust storms and
strip-mine operations.

Whereas an increase in the amount of CO5 in the atmosphere has
a warming effect, an increase in the particulates may have a cooling
effect. Particulates backscatter (reflect back) the incoming solar
radiation to space. An increased particulates load would then re-
duce the amount of sunlight reaching the earth. Such reduction of
solar energy, the power base of all ecosystems, could have profound
and adverse effects such as a lowering of temperature and more
importantly an impaired growth in crop plants. With the rapidly
increasing human population any diminution in food production would
be tragic.

Suspended particulates also serve as condensation nuclei in-
ducing precipitation. This has been observed not on a global scale
but locally, particularly in urban centers where the warmed urban
air combines with the moisture (a by-product of fuel combustion)
emitted from industrial smokestacks and motorcars. Recall the
important role that the hydrologic cycle plays in energy transfer
and utilization. Artificially induced precipitation could cause
serious imbalances in the total energy flow.

C. Ozone

Ozone has both a useful and a harmful role to play in this
planet. It all depends on where it occurs. At ground level, it can
pose a serious health hazard causing irritation to the nose, eyes
and throat. But in the stratosphere where it is normally found form-
ing a layer, ozone serves its beneficial role (Figure 25).



ED-83/WS/90 - page 64

thermosphere

mesosphere

stratosphere

troposphere

N

N

AN

Figure 25. The ozone layer filters incoming ultraviolet radiation. The
thickness of the ozone blanket over the earth’s surface
varies with latitude.
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There, ozone screens off the ultraviolet waves which continuously
bombard the earth. A thinning out of the ozone layer or its dis-
appearance would result in more UV waves reaching the earth's surface.
Increased exposure to UV waves would have detrimental effects on most
forms of terrestrial life.

Until a few years ago the amount of ozone in the stratosphere
was 1n a state of dynamic equilibrium. In other words, ozone-forming
and ozone-depeleting reactions proceeded at about equal rates so
that the net amount of ozone remained fairly constant. Varied
human activities, however, have tipped the balance toward accelerated
ozone-depleting reactions. Detonation of nuclear bombs, increased
combustion of fossil fuels, and wide-use of spray cans propelled by
fluorocarbon gases (commonly known as aerosols) have increased the
amount of nitric oxide (NO) and atomic chlorine (Cl) which are naturally
scarce in the stratosphere. These gases are catalysts for ozone-
destroying reactions. Bromine is also known to be even more efficient
catalyst for ozone-depeleting reactions than chlorine. Pathways to
the stratosphere for bromides have not yet been evaluated but bromides
are extensively used in gasoline additives, agricultural chemicals,
and flame-retardants (Ehrlich, 1977).

Other threats to the ozone layer being investigated are the
effects of using more nitrogen fertilizer thus adding more nitrous
oxide (N,0) in the atmosphere which means more nitric oxide (NO) in
the stratosphere, hence less ozone. Chlorination of drinking water
and of sewage is suspected to be a source of carbon tetrachloride
(CCly ) which releases atomic chlorine in the stratosphere.

d. Concentration of human population, heat sink and wind flow
in cities

Increasing urbanization is also altering natural energy flow in
the earth ecosystem. Differences in temperature of about 1° - 2°c
have been observed between cities and their surrounding rural areas.
Several factors contribute to this "heat-island" phenomenon. There
are many more heat-generating sources in the city than in the rural
environment. They include the mass of humanity concentrated in
cities (with an average body temperature of 36°C), transport facili-
ties, heating/cooling systems, industrial furnaces, and so on.
Materials out of which physical structures in cities are made such as
concrete, asphalt, bricks, etc. have greater heat capacity than
vegetation which abound in rural areas. The dark and irregular
surfaces of buildings, with vertical walls that permit multiple
reflection of in-coming sunlight reduce the amount of solar energy
reradiated back to space, thereby increasing the energy available
for heating the air over the cities. Water bodies (streams, lakes
swamps) are much less numerous per unit area in cities than in the
surrounding countryside so that less heat will be lost because of
evaporation of water and more will be available for warming up the
urban atmosphere. Also, the large areas of paved surfaces in cities
cause water to drain off into sewers rapidly after a rain. The
rapid drainoff bypasses the normal cooling, hence the concentration of
energy hearer ground levels in cities.
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In addition, greater concentration of particulate matter over

cities causes greater variability in precipitation. It has been
observed, for example, that in Paris average daily rainfall during
weekdays is 31 percent higher than on weekends (Owen, 1980). This is

attributed to the fact that particulate-generating sources operate on
weekdays and are closed on weekends. As discussed, earlier, changes
in precipitation patterns have an altering effect on the natural
energy flow and on the stock energy involved in the process.

Transport of fossil fuels, specifically oil, to areas of
greater demand has often resulted in oil spills on the ocean surface.
This also causes a chain of events which could locally alter the
energy flow. O0il slicks on the ocean change the reflection of radia-
tion, the roughness (hence the energy transfer from surface to the
atmosphere), and the evaporation rate.

Rapid population growth in agricultural and pastoral societies
has been pin-pointed to have brought on and aggravated changes in
the flow of energy which resulted in regional climatic changes as
the droughts in the sub-Saharan Africa. The chain of events can be
traced. Increasing population pushes people towards greater food
production requiring agricultural practices such as irrigation of
arid lands and/or overgrazing. The latter, for example, bares high-
reflecting soils, resulting in a drop in the absorption of solar
energy at the surface, reducing the heating of near-surface air.

The reduction of updrafts resulting from this phenomenon inhibits

cloud formation and rainfall, finally producing drought. (Ehrlich,
1977.

Human activities over the past several centuries have actually
been directed towards making the environment hospitable. But in the
effort to do so, humanity has inevitably caused the deterioration of
some aspects of it. Because of the lack of understanding of the
balance of nature, humanity has both purposefully and inadvertently
modified the environment with both injurious and beneficial conse-
guences.

2. Human Activities that Affect Materials Flow in the Earth Eco-
system

How have humanity's activities affected the natural flow of
materials in the earth ecosystem? Ehrlich(1977) categorizes the ways
by which human beings contribute towards disruptions in the natural
flow: (1) human activities that release large amounts of substances
into the natural cycles by overloading part of the cycle (ex., nitro-
gen), by disrupting a finely tuned balance (ex., CO2) or by swamping
the natural cycle completely; (2) human activities that release
materials that are a neglible amount of material as compared to
natural flows of the same material in a sensitive spot (ex., oil

leaks); (3) human activities that release toxic substances (such as
mercury, cadmium, lead, and many radioactive substances) into the
cycle of the essential materials; (4) human activities that introduce

into the natural cycles synthetic, bioclogically active substances
such as synthetic organic pesticides, PCBs, and herbicides, which are
proving to be harmful to organisms.
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Industry, transportation, urban construction and other accou-
trements of modern living have been pointed to as ecologically dis-
ruptive human activities.

It may be well to recall that the essential materials on which
life depends and which go through cyclic flows in the earth ecosystem
have their reservoir in the atmosphere and in the lithosphere.

These reservoirs have lately been gravely affected by varying human
activities leading to a degradation of their quality.

a. Air pollution

Air pollution may be defined as the presence in the atmosphere
of substances that are toxic, irritating, damaging to property,
vegetation, animals and human beings. Thousands of substances con-
tribute to such atmospheric disturbances. These are called pollutants.
They exist as solid matter, liquid droplets, or gas. They are
produced by car engines, refineries, factories, and as waste of the
billions of the human population. The six major air pollutants
are carbon monoxide, sulfur oxides, hydrocarbons, lead and particu-
late matter. Many other polluting substances are found in the air
in smaller amounts.

(1) Carbon monoxide

The compound carbon monoxide (CO) is naturally produced by
the oxidation of methane or marsh gas (CHg), which in turn is formed
by the decay of marshland organisms. The CO does not build up in
nature to harmful concentrations due to its ability to combine
readily with oxygen in the air and the action of soil-dwelling
organisms which convert the compound into CO;. The concern for
the presence of CO in the air stems from the fact that it is in-
creasing in concentration as a result of incomplete combustion of
fossil fuels, and that it is concentrated in a relatively small
volume of air over the world's major cities. The CO concentration of
urban areas is estimated to be 50 to 100 times greater than the
global average (Owen, 1980).

Each year millions of tons of CO is spewed into the air from
incomplete combustion in motor vehicles and from industrial smoke-
stacks. What is bothering is the fact that a considerable percentage
of the compound is produced knowingly, if not purposefully. 1In a
completely efficient motor vehicle engine, the chemical reaction
would be as shown below:

2 C8H18(l) + 25 02 (q) 5 16 COZ(g) + 18 H20(g)

However, engines run better when there is an excess of gasoline and
a deficiency of oxygen in the carburetor. This means incomplete
combustion and some of the carbon in the exhaust is in the form of
CO rather than the relatively harmless CO,.

2 CgHyg ,, + 17 0 16 CO(y + 18 H0(.,

(g) E
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(2) Hydrocarbons

Another product of the incomplete combustion of fossil fuels
is the hydrocarbons (over a hundred different kinds have been identi-
fied). Complete combustion of hydrocarbons produces water and
carbon dioxide. The highly reactive hydrocarbons, combine with
nitrogen dioxide in the air to form photochemical smog which
irritates the eye and is suspected to be carcinogenic.

More efficient combustion (i.e., fossil fuel is more com-
pletely burned) reduces hydrocarbon and carbon monoxide emission but
increases the amount of sulfur, nitrogen, mercury, and cadmium
released into the air. These elements are natural contaminants of
fossil fuels such as coal and oil.

(3) Oxides of sulfur

As mentioned in the preceding section sulfur is a natural
contaminant of coal and oil. Oxides of sulfur are produced in the
burning of coal and o0il necessary for the operation of electric
power generators, space heating of homes and office buildings,
running motor vehicles, and producing heat for certain industrial
processes such as releasing metals from their ores. Emission from
these processes are almost entirely in the form of sulfur dioxide
gas (S05). Once in the atmosphere, this is readily oxidized to SO3.
The SO3 reacts with water vapor or dissolves in water droplets to

form the strong sulfuric acid (H2SO4). The sulfur dioxide can also
form the relatively weaker HySO3, and the sulfate ion (SO4-) also
appears in a variety of solid and liquid particulates. 1In the

presence of suspended particles the oxidation of SOj to S04 is in-
creased because the suspended particles provide surfaces that
facilitate the reactions.

(4) Oxides of nitrogen

Oxides of nitrogen as air pollutants are in the form of nitric
oxide (NO) and nitrogen dioxide (NOj). Formation of nitric oxide
from nitrogen and oxygen takes place at the high temperature and
pressure produced by internal combustion engines. The colorless
nitric oxide is oxidized in air to orange-brown nitrogen dioxide
(NOp). Nitrogen dioxide reacts readily with water vapor to form
nitric acid, HNOj. This, together with H,SO4 and H3SO3, cause what
is known as acid rain which may fall over areas far from where they
are formed.

(5) Oxidants

The presence of NO2 in the air triggers other pollutant-
producing reactions. Absorbing ultraviolet radiation from sunlight,
NO, breaks down to form NO and O. The O then combines with 02 in the
air to form ozone (03). Earlier, it was mentioned that O3 is essen-
tial to life if it stays in the stratosphere to filter out incoming
UV radiation. At ground level, however, it is a major component of
photochemical smog. O©O3 also reacts with hydrocarbons to form alde-
hydes and ketones. These organic compounds react, in turn, with NO
to form another irritating and injurious compound known as PAN or
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(£f) Other pollutants

Lead, in the form of TEL (tetraethyl lead), is added to gasoline
to boost its octane rating. For reasons not fully understood, TEL
prevents "knocking" in car engines when under stress. Leaded gasoline
contains up to 3 g per gallon. The lead is emitted in the exhaust
in the form of very fine particles of the compounds PbCly, or PbBrcClsp.

Atmospheric concentration of lead particles is very high in
areas where traffic is heavy. Not only is lead inhaled by humans
and animals, but it is also incorporated in plant tissues when it is
washed from the atmosphere by rain and dissolved in water taken in
by plants. Carried by plants, it enters the food chain that leads
to Homo sapiens. In living tissues lead is subject to biological
magnification and may reach toxic levels in mammals including man.

Other heavy metals such as cadmium and mercury, also find
their way into the food chain. These may be initially emitted by
motor vehicles and industrial smokestacks into the atmoshphere, rained
out from it into the ground, imbibed by plants or agquatic animals, and
finally eaten up by higher forms of animals including man. Biological
magnification may increase the concentration of these metals to levels
injurious or even lethal to higher living forms.

3. The Human Ecosystem

The human race is the single predominant influence in nature.
In obtaining needed materials and energy, humanity has been modify-
ing the natural world and bending it to its will.

Cain (1973) presented a simple schema of the human ecosystem
(Figure 27) in comparison to general or natural ecosystems (Figure 28)
from which human culture is isolated. The difference underlines
the uniqueness of human nature and the culture that evolved from it.

In this schema of the human ecosystem, humanity's contacts
with nature occur in the social context. In Figure 27, one sees that
the economic utilities that support the individual and the human
community are wrested from natural resources by institutionalized
application of human labor and capital. Scarcely any productive
activity is carried out by an individual alone. The wresting of
raw materials from nature and use of nature's products and processes
is accomplished by concerted human effort. To accomplish this
concerted effort, the human race has created and organized many
institutions related to agriculture, forestry, fishing, mining,
and so on, as well as to business, financial, industrial, commercial,
and social endeavor (Cain, 1973).

The human ecosystem, however, is involved in the production of
much more than goods. In this connection, the institutions of the
family, and larger social groups and their relation to religion,
education, politics, law, security, the creative arts, communication,
and their use of leisure time are all readily recognized. There is
almost nothing that contemporary human society does that is without
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some institutionalized aspect.

The model of the human ecosystem that Cain proposes uses the
economic cconcepts of labor, capital and economic utilities in a flow
scheme that gives institutions a central role. Labor, in this model,
includes all of an individual's personal means of production, as well
as the portion of the total human population that is productively
engaged at any period of time. By capital is meant all of the physi-
cal means of production the human race has created. This includes
the tools, implements, machineries, and physical facilities that
humanity has invented, built and employed in the production process.
The flow of labor and capital through institutions in the production
process means that all contemporary human productive effort is
socialized. Institutions, like the tools of capital, are human
inventions intended for the cooperative use of labor in producing
goods and providing services. Natural resources include not only
the things but also the conditions and processes in nature that
humanity can use in life processes, both biological and cultural.

The human ecosystem is biologically identical to a general
ecosystem in that it shares the need for energy and materials that
characterize all life to sustain the organism and allow it to grow,
develop and reproduce. Since human beings are not primary producers,
they participate just like any other consumer in a food web through
which minerals cycle and energy flows. But unlike other life forms,
humans have created a fantastic demand for external, non-physiologic
materials and energy - a demand that far exceeds the basic human
needs for food, clothing and shelter.

Human ecosystems are capable of attaining a state of homeostasis
or equilibrium through self-regulation (Cain, 1973). Its own pro-
ducts can be used to maintain it, such that food produced as an
economic utility is used to nourish the labor that produced it,
and the materials that are produced are used to develop and replenish
the capital that labor used in the production process. Thus the
interaction between the human resources -~ labor, capital, and institu-
tions - and the natural resources in a given human ecosystem can
maintain that system as long as the system is viable and the supply
of natural resources is not exhausted.

The final and very important point of this simple but fundamen-
tal concept of the human ecosystem is that it is capable of growth,
development, and evolution (Cain, 1973). When the production of
goods of a functioning system is in excess of what is necessary for
its maintenance, the excess can be productively invested resulting
in the growth and development of the system. This means that the
population can grow and that the population can be improved as to
its socioceconomic conditions.

Two basic types of human ecosystem which can be found in any
part of the globe are recognized - the urban and the rural. As the
world's population rises, people tend increasingly to congregate.
This actually began with the Agricultural Revolution. Agricultural
settlement formed rural ecosystems. When more food could be produced
in less area, the farmers were able to feed more than their own fami-
lies, thus releasing a part of the population from cultivation of the
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e rban

The growth of cities in the past was mostly due to migration
from the rural areas. Advances in agriculture displaced many farm
hands who then moved to the cities in search of work or to develop
their special talents and abilities in endeavors other than agricul-
tural. The cities, therefore, grow into centers of non-agricultural
pursuits. It is in such a climate that science and technology
flourished. But the cities could not cope with the rapid urban
concentrations. The very high densities in urban systems were attend-
ed by a variety of severe social problems. In 1925, twenty-one
percent of the world population lived in urban conditions; in 1950,
twenty-eight percent was urban; in 1975, thirty-nine percent was urban.
In 1975, 30% of East Asia, 24% of Africa and 60% of Latin America
were urban as compared to 77% of the U.S. and Canada. The urban
population of the world is projected to reach 50% in the year 2000.
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Why do people flock to urban areas? It is because people
believe cities are great mobilizers of social classes via jobs,
culture, education, entertainment, and modernity. Despite their
shortcomings, cities offer a broad diversity of advantages and
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ties, environmental sanitation, welfare, and a variety of recreational
and entertainment activities. Urban areas are also characterized b_‘{
public utilities such as systematized transport by land, air and
water, electricity, water and sewerage systems, all of which attract
people.

Urban structures are determined by two factors: land use and

nature of the transportation system. A city will have its structure
partly determined by the forces that govern land use, especially if
it has a public land planning programme. The results can be seen
in the internal structure of the city and in the growth and develop-
ment of its peripheral areas. The nature of the transportation
network as well as its location limits the extent to which a city
could expand. The invention of the automobile revolutionized urban
structure. Whereas in the past, urban areas limited by beasts of
burden for transportaion tended to be located close to waterways
and to be compact, modern cities, with railways and automobiles
sprouted and sprawled almost anywhere over the landscape. The
automobile also made urban population much more mobile.

Urbanization differs for different countries. 1In developed
countries, for example, the difference between city dwellers and

country-dwellers has become increasingly indistinct. This is due
to rapld transportation and the development of mass media. The

comforts and amenities of urban li‘v’lug have become available to
rural settlements. In less developed countries, urbanization

broucht a flood of impoverished countrv vpeorle into urban areas
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While at this same time, the opportunities in the cities had not
increased at the same rate as the migrants. The regult was the
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development of huge slum areas or shanty towns around the cities or
even within them.

Cities in developed countries are a source of wealth and power
generated through technology and manufacturing. But cities depend on
the rural areas for raw materials and food. The goods cities pro-
duce are exchanged for these commodities.

In contrast to the urban setting, the rural ecosystem is
characterized by human settlements separated by large agricultural
areas, and, therefore, low population density. The rural popula-
tion looks to the urban area as a market for its agricultural products.
People in the rural areas depend on the urban areas for manufactured
goods such as clothes, shoes, appliances, tools and machines. A
part of the raw materials that flow from rural areas to urban areas
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Advancements in agricultural technology having eased out excess

farm hands, the rural population is low. Therefore the demand of
rural areas for materials and energy is also low. Nutritional
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fuel energy consumption of rural dwellers, is far below that of
city dwellers.
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V. ESSENTIAL KNOWLEDGE ABOUT PROBLEMS

OF THE ENVIRONMENT

A. FOUR MAJOR DIMENSIONS OF ENVIRONMENTAL PROBLEMS

Human "success stories" are marked by struggles to control and
thereby interfere with the environment to wrest a good living from it.
Human interference in most cases creates ecological imbalance with
deleterious effects. These unwanted effects result in serious en-
vironmental problems which, in the long run, may lash back and cause
the deterioration of human well-being.

In recent conferences on environmental education, four dimen-
sions of environmental problems in contemporary society have been
identified. These are the physical, economic, and social consequences;
geographical scale; time scale; and socio-economic systems.

1. The Physical, Economic, and Social Consequences of
Environmental Problems

Many human activities, particularly the poorly planned develop-
mental programmes, have detrimental and irreversible consequences.
These consequences may consist of resource deterioration, bioclogical
pellution, chemical pollution, and physical disruption.

Resource deterioration involves a reduction in the quantity
and/or quality of resources. Examples are soil erosion, destruction
of vegetation cover and wildlife, insufficient water supply, and
the depletion of mineral resources.

Biological pollution occurs when diseases or pests spread.
Malaria and schistosomiasis often result from irrigation and other
water resources projects. Inappropriate agricultural techniques
encourage the spread of pests.

Chemical pollution refers to the release of chemical substances
into the environment resulting in the deterioration of the soil, air,
water, or food. The chemical pollutants are often traced back to
industrial and agricultural processes, transportation, energy pro-
duction and consumption, use of food additives, etc. A poison that
finds its way into the diet through a food chain and the subtle
interaction of some chemical with the human body are examples of
this type of pollution.

Physical disruption is either an encroachment or depletion
effect on the physical environment. Encroachment refers to inter-
ference with the levels of productivity or impingement upon the
- social, mental, or physical well-being of humankind and other living
things. Depletion involves the reduction of the future availability
of resources. Wasteful use and lifestyles of people may cause the
depletion of our precious resources. The exploitation of water,
soil, air or forest resources may bring in cash profits but its
attendant encroachment and depletion effects may degrade the quality
of these resources and finally result in a decline in human well being.
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2. The Geographical Scale of Environmental Problems

Environmental problems range from local to global. Global en-
vironmental problems call for worldwide action and management based
on international conventions. Examples include threats to the ozone
layer, the impact of weather modification, exhaustion of petroleum
resources, loss of wildlife species, and the destructive effects of
nuclear radiation.

Environmental problems at the regional level require the
agreement of the affected countries on a plan of action in solving
problems of common concern. These problems may include the de-
struction of tropical rain forests, natural disasters, the pollution
of regional lakes or seas, and the spread of diseases.

Environmental problems at a national level may be solved by
a nationwide action that considers the country's economic capability
and cultural tradition. For example, the human settlement problems
are solved in different ways by different types of societies.

Environmental problems that occur at the subnational or local
level require the concerted action of groups of people within a
state to solve them. Examples of these problems are several polluted
streams from different areas polluting a river in another area or
the destruction of many woodlands may lead to the adjoining plains
being turned into deserts.

3. The Time Scale of Environmental Problems

The impact of human activities upon the environment may be
felt immediately or may take time before their effects become apparent.
Some impacts have both a short term effect and a long term effect.
An example is smog. Smog affects the environment immediately but
its effects on human health take a longer time to be felt. It is,
therefore, essential that solutions to such problems consider the
future risks and the present environmental costs.

4., The Socio-economic Systems Affected by Environmental Problems

Developing countries throughout the world are confronted with
problems due to underdevelopment and problems which arise in the
course of development. Environmental problems resulting from under-
development are poor conditions of human settlements, loss of pro-
ductivity through disease and malnutrition, vulnerability to natural
disasters such as an earthquake and loss of natural resources, for
instance, forest destruction and soil erosion. Yet developing
countries also suffer in the process of development. Ill-conceived
development projects may result in tradeoff with equally undesirable
or worse effects. For example, large scale mining may bring in big
profits fast but may speed up resource depletion, pollution, and
widespread social disruption.

Industrialized or developed countries are faced with more
complex environmental problems. These problems may arise from the
intensive application of science and technology resulting in indus-
trial pollution, high rates of resource use because of abundance and

socio-cultural problems of living in larger cities.
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B. MAJOR CAUSES OF ENVIRONMENTAL PROBLEMS

Human activities, since early times, have always resulted in
changes in the environment. Yet, it was only in the last few decades
that the impact of human activities became accelerated and more
pronounced. Pressures from rapid population growth, uncontrolled and
lavish consumption, urbanization, industrial expansion, and advances
in science and technology have caused these accelerated changes in
the environment. They create serious environmental problems which
affect not only a certain locality or a certain type of society but
also the people throughout the world, developed as well as developing
countries.

1. Rapid Population Growth

Population experts' estimates show that world population
shortly before 1650 was 250 million, reached 500 million in 1650, and
by 1850 or after 200 years, population doubled to one billion. 1In
1930 or 80 years later, population doubled to two billion. Again
after 35 years population zoomed to three and a half billion. With
the present doubling trend, the world's population was 4.2 billion in
1980, and may reach 6 billion in the year 2000 (Owen, 1980). Experts
fear that the doubling time is still decreasing. If these trends were
to continue, the earth's population will be 30 million billion in
800 years! This, of course, is impossible. This phenomenon of very
rapid growth and rate of growth is sometimes called "population
explosion.”

Population growth in different countries has different
doubling times. The shorter the doubling time the faster the popula-
tion grows. Latin America with its doubling time of 25 years is
growing faster than the other regions. Africa's doubling time is
27 years. Asia's population doubles every 30 years. Population in the
developing countries is growing more than twice as fast as the
population in developed countries. Nearly half of the population in
developing countries is below 15 years of age. Europe's doubling
time is 99 years, North America, 63 years and the USSR, 77 years.

World population is still rising at the rate of 200,000
people per day. An increase in the number of people means increased
demand for food, shelter, water, fuel energy, other earth materials
and space. The effects of rapid population growth are actually other
problems. We shall discuss them in succeeding sections.

a. Food shortage

In terms of number of people without food, Asia has been
named the "hungriest continent". Borgstrom identified those countries
whose daily average per capita food intake is below the minimum reguirement
of 2,200 kilocalories as the hungry nations. These are the countries
in Asia except Japan, most countries in Latin America except Argentina
and Uruguay, and the whole of Africa.
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The Hungry World has a young population. More than half of

the population is below 18 years. More than half of the infants die
before they reach five years of age and about 650 million will never

reach adulthood. Even with zero population growth (ZPG) more food
would be required simply because infants will have an increasing
demand for food as they reach the 10-15 year bracket.

Half of the world's population is concentrated in Asia. 1Its
population exceeds 2 billion and has a growth rate of 2.3 percent
annually. Its population is rapidly rising but food is in short
supply. Every year about 49 million more have to be fed and about
11 million tons more of rice are needed to provide for these added
numbers (Borgstrom, 1973). Thus developing countries' deficits in
food production continue to increase. 1In 1975, a 42-million ton
deficit was recorded. If food production and population increase

continue at the same rate by 1985, food will be 88

short.
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Food production in developing countries is estimated to in-

crease at 2.5 percent but tofeed the populations properly, a 4 perce

increase is needed. Surpluses in the production of principal crops
have been reported in Pakistan, Ceylon, India and the Philippines.
These, however, are not available to all. Poorly planned distribu-
tion of food supply, spoilage, and rat infestation are causing

food shortages in most countries of the world. 1In fact, the world
is able to grow enough food for its present population, but the
distribution systems are too often inefficient and ineffective.
People starve even though there is or can be enough food for all.
According to Quentin M. West of the US Department of Agriculture,
food production in the developing countries has increased at about
the same rate as in the developed countries (Figure 29). But rapid
population growth has absorbed most of the increase in production in
the developing countries.

Pressures of a continually rising demand for food are beginning

to erode the ecological foundations of the world economy (Brown and
Eckholm, 1974). To cite a few examples: the depletion of anchovy

stocks off the coast of Peru because of overfishing:; food production

decrease in Africa because of overgrazing, deforestation and deserti-

fication resulting from the expanding demand of the human and live-
stock population in the Sahelian zone; and the deforestation in

the Nepalese Himalayas and surrounding foothills contributing to
frequent and severe flooding in Pakistan, India, and Bangladesh.
The gross effect of all these is the diminishing capacity of the
world to sustain its fast growing population.

b. Decreasing surface area

When there are more people we need more space. Human activi-
ties require space. Year after year, the population is exploding
on land area which remains constant. The world is running short
of space.

High population growth on limited gpace results in high popula-
tion density. The average population density of developing countries

is more than twice as great as the average in developed countries.
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In 1975 the population density in North America was 1l persons per
square kilometer:; in Europe, 96; and in the USSR, 1l1l. 1In contrast
East Asia's and Southeast Asia's population density in the same year
are 86 and 65 persons per square kilometer, respectively. If the
present growth rates continue, in 800 years, there will be 50 people
to every square meter of the earth's land and sea.
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Figure 28. Graphs Comparing Food Production and Population Growth in Developed
and Developing Countries 4
“’Reproduced with the permission of Ceres, the FAO review on agriculture
and development.”’

Much of the land is being used for settlement sites and the
construction of roads, and other infrastructures. Little is left
for forest and agricultural crops to grow. Shortage of timber supplies,
death of the single home, and the rise of one-room and two-room types
of dwelling for a family are manifestations of the pressure of
population on space (Rosenzweig, 1974).

The more critical use of space is for food production. High
population growth implies more people to feed. More land must be
cultivated to provide food for the increasing population. Some
ecologists (Foin, Jr. 1976) point out that the distribution of arable
land and not the total land area is the critical factor that limits
food production today.

Arable lands are those that have so0il and climate conditions
which can support crops. About 73% of arable lands are in developed
countries. The arable lands in developing countries do not produce
enough harvests to feed the rapidly growing population. Hence,
food shortages occur. The economic costs of putting marginal land
into production is another limiting factor for developing countries.
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In Asia, land/population ratios are rapidly falling below one hectare
per member of the agricultural force. In most areas, one hectare of
irrigated land is enough for family subsistence farming but less than
a third of Asia's arable land is irrigated. An estimated number of
Asians with no land is already 150 million. The number is still in-
creasing. In all of Latin America the average size of agricultural
holdings is under 50 hectares. However, two-thirds of all farm
families own or rent less than five hectares.

In the Philippines, a study in 1976 showed that 7.9 million
hectares of land are suitable for cultivation. About 7.6 million

hectares are already used for agriculture in 1975. 1In the year
2000, about 9 million hectares of land should be put into production
to provide food for a population of 85 million (DAP, 1980).

The world's land surface is one-third grassland or cropland,
one-third forest and the rest, barren or unusable. There has been
a net loss of 4.5 percent of forests and half of the present
forests are being converted to grasslands or croplands. The opening
of new lands to agriculture, however, had brought very little net
gain in food production. Instead, entire species of plants and
animals had been destroyed. Hillsides, valleys, and flatlands
have been laid bare. This led to serious soil erosion, flooding of
lowlands, siltation of dams and irrigation systems, decreased land
productivity because of soil loss, and reduced water-absorbing power

of land.
c. Water shortage

Water in all forms on earth is about 400 billion gallons
(Miller, 1975). About 97.2 percent is in the salty oceans. The
total amount of usable water is 2.8 percent this total but only 0.003
percent of the total supply is available for use. With this amount,
there would still be enough water for humanity till the year 2020.
Yet, there is imminent threat of water shortage because of unequal
distribution, rising demand, and pollution of water resources.

Demand for water is expected to rise with continued population
growth. This rising demand for water creates long term problems
which will be felt more in the developing countries where most of the
world's population is concentrated. 1In arid regions (the Arab states
principally) low rainfall is the main cause of water problems.
However, water shortages occur and are bound to be critical in
the future even in countries with abundant water resources, for
example, the Philippines. Lack of funds to develop water treatment,
storage and distribution systems is the reason.

Humans and animals need water for drinking. They need more
water for their activities such as washing, cleaning; flushing,
etc. This domestic demand for water increases with urbanization.
Agriculture both for irrigation and watering livestock, and industry
are the heavy users of water. Rapid population growth inevitably
intensifies agricultural and industrial activities to demand still
larger quantities of water. Expansion of irrigated lands and in-
dustries for economic development will exert greater pressure on
the water resources of developing countries.
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d. Energy crisis

The escalating world energy consumption has brought about the
enerqgy crisis that humanity is facing today. The energy problem
occurs in two main areas: food and fossil fuel. 1In both areas
consumption outpaces production. In less than 2 or 3 centuries the
fossil fuels that have been stored for millions of years will be
used up.

In primitive times, humans needed 2000 kilocalories of energy
per day mainly from foodstuffs to survive. Today per capita energy
use in some countries has reached 230,000 kilocalories per day from
food, fossil fuels and other sources. Developing countries where
most of the population is engaged in agriculture consume from 12,000
to 26,000 kilocalories per capita per day. But most of these coun-
tries actually are still in the primitive level of energy consumption.

Rapid increase in energy consumption in both the developing and
developed countries brought about the energy crisis in the early
seventies. In developed countries the energy crisis arose from the
increased use of energy in technology both to maintain the population
and to improve the standard of living. Abundance led to high per
capita energy consumption and even wastefulness. 1In developing coun-
tries, the enerqgy crisis arose from the use of energy to sustain
population growth and its inevitable degrading effects on the environ-
ment. The energy crisis of the poor nations refers more to food
shortage. Many are not getting even the minimum energy requirement
of 2200 kilocalories.

Environmental degradation results ont only from energy use but
also from energy exploration, transportation and processing. Excava-
tion and drilling destroy natural ecosystems at sea bottoms and on
land. With the destruction of their habitat species of vegetation
and wildlife are annihilated. O0il spills pollute the seas and the
land. Fumes from processing pollute the atmosphere. Ground subsidence
and seismic activity may result from the withdrawal of deposits. The
destruction of the the environment is almost inevitable. Can the

0il so obtained improve the guality of human life in the long term?

e. Scarcity of the earth's materials

Every living thing on earth requires not only energy but also
materials from the earth. Theyneed food, shelter, and clothing which
they get directly or indirectly from the earth's resources. High
population growth implies that each day there are more people who
require water from the watersheds, timber from forests, food and
minerals.

Resources in the environment may be renewable or nonrenewable.
Renewable resources are those which can maintain or continuously re-

plenish themselves. Food, crops, animals, wildlife, forest, air,water,
and soil are renewable. Nonrenewable resources are those which cannot
replenish themselves, and therefore, can be depleted. Coal, c¢il, and

minerals are nonrenewable resources.
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The forests of the world are disappearing fast. The famous
cedar forests of Lebanon are gone. The tropical rainforests of
Southeast Asia are ravaged almost beyond recovery. One cause of de-
forestation in developing countries is land clearing for agricultural
production and gathering of wood for fuel. More trees have to be
cut to meet rising demand for agricultural land and cooking fuel. The
fuel needs of these countries have exceeded the replacement capacity
of local forests. A chain of events follows the disappearance of
forests - reduction of wildlife species, soil erosion, flooding
and drought, siltation of nearby irrigation systems, rivers and lakes,
and disappearance of fish from the silted bodies of water. Soil
erosion also increases particulate matter in the atmosphere and
probably alters the climate. Thus we see that deforestation can
result in the loss not only of timber and forest products but also of
leather and meat from wildlife, water, topsoil, certain crops that
grow only on good topsoil, and even fish.

Although forests are renewable, the growing time of trees
especially the hardwoods, is long - about 50 to 100 years.
Progressive frequent cutting may result in denudation because of
growing time.

2. New Problems From Science And Technology

"LLife is a struggle," our ancestors were wont to say, referring
more to the physical aspect than otherwise. It was common tack to
picture man in constant battle with nature - gathering firewood,
hauling buckets of water, tilling the soil, pasturing animals,
fighting off illness with poultices and brews. Many admitted that
truly man was at the mercy of nature. The emergence of science and
technology has drastically changed this struggle-for-existence
picture. Advances made in science and technology now offer hopes
for a better and longer life. Through humanity's scientific knowlege
and technolcgical ingenuity, crop yields, food supply and housing
conditions have improved; many diseases have been prevented or
treated, and work is less because of machines. With technology,
humanity has learned to generate energy from coal, o0il, and the
atom, and this enerqgy runs machines that work faster than man, make
synthetic products such as plastic, nylon, rayon, and pesticides;
and develop machines to convert raw materials into usable products.
We were lulled to complacency by the successes of science and technology.
By the early '50s science and technology began to show its ugly side.
Inappropriate and uncontrolled use of science and technology have
caused destruction and pain. The succeeding topics will discuss the
unavoidable environmental tradeoffs in the use of science and techno-

logy.
a. Medical technology

Before the advent of modern medicine, humanity was extremely
vulnerable to lethal attacks of infectious parasites, viruses, bacte-
ria, and protozoa. Diseases such as smallpox, cholera, influenza,
TB, pneumonia, and malaria had spread so rapidly that thousands of
people were killed all over the world.
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Today's medical science and technology are largely responsible
for much improved health and longer life span of the human population.
In the later part of the 19th century, the causes of many infectious
killers were identified and the means of controlling them were develop-
ed. Then DDT was considered the most valuable invention of the past
100 years. It had saved more lives and more people had been able
to work productively. Malaria was controlled and vast areas of
land were opened for productive use.

Public health measures such as improving water and food
sanitation were introduced. New antibiotics and sulfa drugs were
developed. The main achievements of the medical public health
revolution were the eradication of specific infectious diseases, im-
proved personal hygiene, and cleaner food and drinking water.

Death rates have fallen sharply all over the world. 1In the
developed countries, medical science and technology came at about
the same time as the Industrial Revolution. When infant mortality
declined, parents realized there was no need to have many children
to guarantee the survival of 2 or 3. Women started working in
factories. Fertility and finally population growth rate were re-
duced.

In developing countries, the sharp decline in infant mortality
had not been accompanied by a significant drop in the birth rate.

With improved medical care, more people are reaching repro-
ductive and working age. The few factories, however, could not
provide enough work for all young men, much less, young women. There
were not enough schools to develop new skills. Many were too poor
to attend higher education. Young people married early. Population
soared at a fantastic rate.

b. Agricultural technology

Agricultural science and technology have greatly increased the
world's food supply. The science of plant breeding has produced
new varieties of plants which are more resistant to diseases, high in
yvield and adapted to various growing conditions. Scientific and
technological advances have been achieved in mechanical cultivation
and harvesting, improved methods of fertilization and irrigation, the
use of chemical and biological controls against plant pests, and wea-
ther forecasting. Modern agriculture has greatly increased the
quantity and quality of food that can be produced on a given area
of land.

Modern agriculture, however, demands the use of more fertilizers
and pesticides, more water, and expensive machineries which displace
hand labour. It is capital-intensive and only large landowners
benefit from it. Thus, the poor get poorer, and the tenant is driven
from the land into the overcrowdedcities - a social injustice.
Surpluses in food harvest in most cases lower grain prices. Unless
efficient distributing and marketing systems are developed, the
small farmer's incentive is reduced.
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High yielding grains require much water. Costly irrigation
installations such as dams, tube wells, and irrigation ditches must
be constructed. 1In a number of cases irrigation has resulted in
waterlogging and salt accumulation. Millions of hectares of irrigated
lands in Iraq, Pakistan, and India are now waterlogged and saline.

The environmental costs of intensive agriculture cannot be
ignored. Runoff water becomes loaded with fertilizers and pesticides
to pollute the environment and produce harmful ecological results.
Polluted rivers, lakes and seas decrease the production of fish and
other aguatic resources. Excessive use of pesticides have resulted
in the extinction of certain species, reduction of species diversity,
new pests for which the pesticide in use is not effective,
and eventual development of resistance in pests. Pesticide residues
adversely affect human health and animal life when large amounts
accumulated in their bodies. DDT, a pesticide, is known to con-

taminate mother's milk.

outbreaks of

These problems created by modern agricultural technologies are
further aggravated in the tropical countries. More pests are generated
in tropical areas than other parts of the earth so that they can
develop pesticide resistance at a faster rate. 1In the tropics heavy
rains wash away these pesticides and fertilizers. Because of this,
more pesticides and fertilizers have to be applied thus amplifying
environmental problems.

The traditional grains are being replaced with the new high
vielding varieties which have low variability or none at all. The
new varieties have been developed so pure that they cannot serve as
reservolir for the continuing development of new strains.

The miracle of modern agriculture, left uncontrolled, has
turned into a monster of environmental destruction.

c. Energy technology

The two areas of energy technology -~ food energy and fuel energy
- overlap and interrelate.

Mechanization in agriculture requires energy expenditure in the
cultivation of the soil, control of weeds, and the manufacture and
transport of fertiliers. Energy is also expended in making the farm
equipment, and in storing and in marketing food. Thus the energy
value of food must also include the energy used by farm machinery
and the farm itself (Borgstrom, 1973).

An average citizen of the developed countries who consumes
3,300 kilocalories of food actually consumers about 12,000 Kcal of
energy used in producing the food. A citizen of one of the developing
countries whose food intake is about 1,900 Kcal is actually consuming
2,800 Kcal. Thus it takes only 1/4 as much energy to keep a citizen
of a poor country than a citizen of a rich country.

Fuel energy development has two hidden costs: (1) the economic
cost or the actual expenses of energy development; and (2) environ-
mental and social costs. These costs occur during exploration,
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production and processing, and consumption. Exploration causes con-
siderable land or ocean bottom disturbance. Although oil, gas and
geothermal exploration holes are small, environmental disturbance is
primarily caused by the size of equipment and the number of personnel
involved in the exploration. In addition large areas are often
subjected to exploration disturbances before a successful one is
made.

_ Production of fossil fuels by drilling and pumping the ground
or ocean floor for o0il and gas or by excavating the ground for coal
poses serious environmental problems. The ecosystem is destroyed.
0Oil spills pollute the ground and ocean water. Exposed o0il is a
fire hazard. The life of workers are in constant danger. Mining for
coal and geothermal energy production may cause landslide, land
subsidence, and possibly earthquakes.

Refining or conversion of crude o0il into useful products

emits large amounts of hydrocarbons to the atmosphere. These
emissions are toxic and may be carcinogenic. Refineries and their
storage facilities are major fire hazards. Transporting processed

0il in the agquatic environment may lead to o0il spills that pollute
the water and cause the death of marine life including fish and
sea birds.

The production of nuclear power is considered by some to be the
source of the severe environmental degradation. Fission plants have
been likened to "time bombs" that could produce radioactive contamina-
tion which would take thousands of years for nature to recover from.
Accidental explosion in nuclear plants despite safeguards, while
highly unlikely, is not an impossibility and could spread radio-
activity to affect a large number of population for as long as
250,000 years. Transportation of radiocactive materials increases
the probability of accidental radiocactive contamination along the
route. Safe disposal of radiocactive wastes into disposal sites
is difficult perhaps impossible. The low efficiency of nuclear plants
wastes a great deal of the heat energy which necessarily is disposed
of in the environment.

Impacts of energy technology on human well-being may be
manifested not only in direct economic costs and damages to the environ-
ment but also in disruptions in the social systems.

d. Food technology

Science and technology have opened new ways to broaden the
base of the world's food supply. Food technology has developed new
methods of producing and processing food from substances not consider-
ed edible before. Ways of storing surplus food without spoiling
have been developed. This is a boon to countries where crops are prone
to natural disasters occasioned by periodic storms or typhoons.

On the other hand the advantages brought on by food technology
are not without their negative impacts. To facilitate production
and to improve appearance, palatability, and shelf life many additives
are placed in food. Food preservatives such as sodium benzoate have
been used indiscriminately. Adulteration of food has become widespread.
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The storage of large quantities of food gave rise to the emer-
gence of storage pests such as rats, cockroaches and weevils.
Global spreading of storage pests may be traced to the long distance
hauling of food.

Intensive food production and food processing consume large
gquantities of energy. In the United States, for example, about 6
to 60 kilocalories of fuels is invested in these processes for every
kilocalorie of food energy consumed. It has been said often that
"Americans eat potatoes made mostly of petroleum" refering to the
use of fossil fuels in the food industry - from farming, processing,
packaging, transport, marketing, storage, to preparation. It was
estimated that the amount of non-solar energy put into production
in 1970 is 10 times greater than the energy content of the food
consumed. A breakdown of these energy investments into the food
systems is as follows: about 25% of the total energy is used on
the farm for tractor fuel, electricity for irrigation pumps, and
the manufacture of farm equipment and chemicals such as fertilizers,
pesticides, tractors, and other machineries; about 40% is used to
process, package, and transport food, including energy costs of
cans, bottles, and paper wrappings; about 15% is used mainly for
refrigeration and cooking in farms and businesses. The large
quantities of energy consumed in production, storage and processing
releases chemical wastes from the farms, factories, and canneries
to pollute the air, land, and water resources.

e. Materials substitution technology

Technological and scientific knowledges have been put to use
in developing cheaper methods of producing existing kinds of goods,
in inventing and marketing new kinds of goods, and finding substitutes
for scarce materials. Synthetic cloths, leatherized materials, and
plastics are developed. The synthetic fibers such as nylon and ray-
on are rapidly replacing the natural fibers of cotton and wool. The
production of artificial fibers has two deleterious effects:

(a) more energy is needed to produce them and (b) the pollution
resulting from the accumulation of those substances that are nonbio-
degradable (i.e., substances that do not readily decompose as
natural substances do).

Cotton is produced by plants by natural synthesis of cellulose
using solar energy. Wool fibers are naturally grown by animals.
Little pollution occurs. On the other hand, synthesis of polyamides
in nylon production involves processes requiring huge expenditures
of energy and releasing largeamounts of pollutants. Even the genera-
tion of this energy in power plants results in thermal, particulate,
and chemical pollution.

Plastic is another synthetic material which has gained wide-
spread use because of its cheapness and durability. But because it
is nonbiodegradable, discarded plastic also becomes a pollutant.
Steel, glass, paper, and plastic satisfy the increasing demand for
material goods but their manufacture adds greatly to energy consump-
tion. Large volumes of manufacturing also produces wastes that
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pollute the land, we

Technology has made possible the production of useful energy
from water, wind and solar radiation. Water to be used for energy
generation must be in a position to fall some distance. It acquires
the capacity to do this by collecting in reservoirs behind dams.
However, standing water in dams in the tropics can breed disease-
causing organisms like schistosoma, trypanosoma and malarial parasites.
These water-borne organisms easily spread and infect the populace.

Substitution of one material for another like nylon for cotton,
aluminum for copper, aluminum and plastic for wood in some ways has
eased the pressure on the natural environment. Yet, environmental
costs have to be paid in high energy consumption, pollution, physical
disruption, and resource deterioration brought about by the extract-
ion and production of minerals and energy sources.

Recycling is another technological method used to control waste
and lengthen the life span of our mineral resources. Garbage is
made into fertilizer, iron ore dust from steel plants is used to
make steel, sulfur dioxide and sulfur from o0il refineries is made into
sulfuric acid. Paper, glass, plastics, tin cans and many others are
being recovered and reused. Yet, recycling is expensive. The cost
of recovery sometimes far exceeds the value of the recovered material.

3. Development And Industrialization Bring In New Problems

In the middle 18th century, development and industrialization
started moving the now developed countries toward economic progress
and affluence. The expansion of industries created more jobs, raised
per capita income, and brought about abundance in food and material
goods. Mass production resulted in cheaper goods making them
available to the greater number of people. Machines lessened the
burden of work and shortened working hours, leaving more time for
leisure. Development and industry have raised the quality of life
in developed countries.

a. Cost of development

Development and economic growth whether for affluent or poor
countries do not come without costs. Forests are cleared, the soil
is cultivated, and the land is mined. The natural environment of
wildlife species is destroyed. Highways, dams, reservoirs, railroads,
houses, and buldings are built. Large and irreversible changes in
the landscape take place. Encroachment on and deterioration of
the environment are inevitable. The built environment is, in
another context, a pollutant of the natural environment.

Developed nations have now reached the self-.sufficiency stage.
They are now beginning to see that additional growth may have its
cost in terms of loss of environmental quality. Therefore beyond
the state of self-sufficiency, further economic growth can lead
to environmental impoverishment.



ED-83/WS/90 - page 88

b. Development in developing countries

The developing countries started the move toward industrializa-
tion in the early 20th century. By the middle of the century it was
generally accepted that industrialization attempts have not provided
the economic impetus that was seen in developed countries. National
growth on the average was increased. But the poor in many countries
remained poor. The disparity between the rich and the poor became
wider. Unemployment and poverty were still widespread. Lately some
economists of developing countries have been coming out with their

own definitions. Development is the uplifting of the masses to the
levels of human decency (Villegas, 1974). More light and medium
industries (ex: textile, food processing, shoes) rather than heavy
industries (mining, car manufacturing):; not only urban development

but also rural development; and low or 2Zero unemployment should result
from development efforts in developing countries.

Economic analysts identified three main reasons for the failure
of developing countries to grow to the developed state. These are:
(1) the unanticipated acceleration of population growth (high depen-

dency ratio and increasing labor force): (2) raw materials product-
ion (ex: timber, minerals) and heavy industries (ex: car manufactur-
ing) that displaces labour instead of manufactured goods; (3) problem

of technology transfer. These are further aggravated by a lack of
sicentific and technical traditions and indigenous baseline informa-
tion on local resources and environmental conditions.

Rapid population growth has eaten up the gains in per capita
income in the developing countries. The total national income in
developing countries has to be spread out over a greater number of
people. High growth rate puts more pressure on agriculture to
support more people. Agricultural per capita output that enters the
national market consequently decreases. At the same time, the youth
growing out of their teens are unable to continue schooling due to
poverty. Circumstances compel them to enter the labour force at an
early age. Yet the labour market cannot absorb them. 1In the rural
areas where land tenancy rather than ownership is more common so that
the sons of tenants have no land to farm and the small farm owner
does not find it economical to divide his small land among his sons,
the unemployment of the youth is the result. Unemployment leads to
mass migration into the cities and places a heavy burden on avail-
able social services.

Raw materials production uses heavy machinery requiring less
labour, and therefore, does not provide enough employment for the
amount of capital expended on it. The masses are not benefited. A
suggestion from indigenous economists is to open more factories pro-
ducing finished products. The trading partners of developing
countries (i.e. the developed countries) however, prefer to buy the
raw materials. Timber made into plywood and furniture, and unrefined
minerals made into metal products, such as copper into electrical
wire would have brought processing several steps further and provided
more employment.

The technology adopted by developing countries in their industri-
alization were usually imported from rich countries. Technologies of
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the rich are capital-intensive and labour-saving, complex, and large
scale. The transfer of capital-intensive technologies to poor coun-
tries is viewed as producing the wrong kinds of goods in the wrong
place to meet the needs of the people. Although these imported
technologies may have increased material production (GNP), very few
jobs are created in the process. Unemployment and underemployment
increased.

The importation of technology from developed countries requires
licensing agreements. These agreements often work to the detriment
of the importing countries because of some restrictive clauses. These
clauses are non-disclosure of information for an indefinite period
of time; free grant to and use by licensor of licensee's improve-
ments; exportation upon approval by licensor; non-use of technology
and technical information upon termination of agreement; and export
prohibition (Afable, 1976). An examination of these restrictive
clauses shows that some of the licensing agreements cover subjects
and processes that could be supplied by research agencies in the
country (Afable, 1976). Some of these are fish preservation and the
manufacture of shoes, plastic toys, and inks. Researches on the
process should and could be done by the local scientific community
not only to reduce the royalty paid to the licensor but also to
promote self-reliance.

Transport uses large amounts of energy. In developing countries,
the transport industries account for more than 50 percent of the
bulk of liquid fuels used. The transport industries have also caused
air and noise pollution. Concentration of carbon monoxide, hydro-
carbon, oxides of nitrogen, particulates such as lead, and smoke
have risen to levels hazardous to health. Noise interferes with work,
prevents sleep, has psychological effects and can even damage hearing.
This problem becomes more serious in developing countries where
motorcycles, old cars and trucks crowd the streets.

c. Increased waste production and pollution

As industrialization increases, the use of polluting materials
also grows but at a much faster rate. Paper and plastics are used
increasingly as containers to be discarded after use. Plastics,
unlike paper, are almost indestructible. Increased use of coal and
fuel oils in motor vehicles and electric utilities releases millions
of tons of nitric oxide, carbon monoxide, hydrocarbons, sulfur and
particulates which pollute the air. Rapid increase in chem.cal ferti-
lizers results in more chemicals dumped into groundwater, lakes, and
rivers.

Developed countries suffer from pollution associated with
affluence. This type of pollution is characteristic of high industrial
productivity with large amounts of wastes being discharged into the
environment of industrial processes that use and emit toxic substances,
of agricultural technologies that heavily use fertilizers and pesti-
cides which pollute the land and the water, of transportation systems
that pollute the air and create noise, and consumption patterns that
form mountain-sized piles of solid waste.
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Early efforts of poor countries toward development and industri-
alization have resulted in wastage and pollution but of a different
kind. Since modern technology was imported from developed countries,
the developing countries did not immediately possess the technological
know-how in the management, operation and maintenance of the
machineries used. As a stop-gap measure foreign consultants and mana-
gers were imported to run the industries while local engineers and
managers were sent abroad for training. The consultants' fees were
way above the local salary scale, thus using up much of the capital.
The large cash disbursements for salaries of consultants weakened
the capital base of the industries thus crippling the operations.

This constitutes a form of wastage.

The import of technology shifted incentives from local in-
digenous inventions and innovations to training and travel abroad.
This curtailed the development of local talent and creativity and
resulted in imitations of processing techniques and products of
developed countries. The time lost which otherwise would have been
used in the development of local talent and creativity was another
form of waste.

The import of technology necessitated the import of machineries,
machine parts and some supplies. When machineries broke down or
supplies ran out; the imported replacement did not always arrive on
time. Operations stopped, production dropped to zero and labour
was idle.

Importations being necessary, it was found convenient to locate
industries in cities where the large piers were found in order to
eliminate the long distance transport and hauling of imported ma-
chineries and supplies. The concentration of factories also concen-
trated industrial effluents in urban areas to levels injurious to
ecosystems. The result is pollution.

d. Cost of pollution

In a paper presented at the International Conference on "The
Survival of Humankind: The Philippine Experiment," in 1976, Dr. Feli-
mon A. Uriarte Jr. identified three different ways by which the cost
of pollution may be measured. These are the costs in terms of (1)
the expenditure in pollution abatement, (2) human health and well-
being, and (3) loss or impairment of the quantity and quality of
resources.

The treatment, handling, and management of wastes generated
from industrial activity is very costly. Land, labour, capital,
materials, and energy which may be used in the production of other
valuable goods and services are instead diverted to the installa-
tion of pollution abatement and control facilities. In the United
States, an estimated %$87.3 billion represents the cost of water
pollution control for the years 1971-80 and by 1982 an additional
$3.25 billion. The average capital investments on wastewater treat-
ment facilities in the Philippines amounts to P 340,000 for an
average of 120,000 gallons per day and P12 million in alcohol dis-
tillery plants (Uriarte, 1976).
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Table 3. Operating cost-income ratio for
selected industries (Phil.)

Industry OC/IN
Basic Chemical Plant 0.057
Raw Sugar Mill 0.027
Coconut Oil Refinery 0.288
Soy Sauce Factotry 0.209
Sugar Refinety 0.046
Textile Mill A 0.716
Textile Mill B 2,437
Metal Finishing Plant 0.053
Meat Processing Plant 1.371
Rubber Tire Factory 0.0003

Source: Uriarte, Jr., Filemon, Cost Consideration in
Environmental Pollution Control.

Table 3 shows that the cost of operating a waste water treat-
ment plant takes up a big percentage of the company's income, except
the rubber tire company. In some cases, like that of Textile Mill B,
and Meat Processing Plant, the operating costs wipe out the profit.
Industry would have to recover its investments in terms of higher
prices of goods and commodities.

The highly pollutive industries are the alcohol, distillery
plants, pulp and paper mills, and mining firms. The costs of waste-
water treatment are too high for many industries in developing
countries.

The cost of pollution in terms of human life is well documented.
Mortality in the London smog in December, 1952 exceeded 4000. Cardiac
and respiratory diseases accounted for 84 percent of the increase
in mortality. The smog produced by a large steel mill, a sulfuric
acid plant, and a large zinc production plant in Donora, Pennsylvania
caused 20 deaths and more than 5900 illnesses within a four-day
period. Other air pollution episodes associated with severe illnesses
and even mortality were reported in Meuse Valley, Belgium, in Osaka
Japan, and in New York.

Industrialization has exposed humanity to more and more metallic
contaminants in the environment. These contaminants are released
into the air, water, and land and enter the body through inhalation
and food intake but they cannot be released by the body because of
the density of the metal. Industrial effluents containing mercury,
lead, and cadmium are known to have resulted in the loss of human
lives and immeasurable sufferings.
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An example is the famous "Minamata disease" which resulted from
eating fish contaminated with methyl mercury released by industries
into the Minamata Bay and the Agano River in Japan. A total of 115
persons died, 800 persons suffered extensive and irreversible brain
damage, and another 2700 persons claimed to be victims (Uriarte, 1976).
Epidemics of mercury poisoning in Pakistan, Guatemala, and Iraq
resulted from eating contaminated bread prepared from wheat treated
with alkylmercury fungicide (Essam El-Hinnawi, 1980).

The "Itai-Itai" disease which occurred in epidemic scale in
Japan in 1940 was traced to increased cadmium intake of rice irriga-
ted with cadmium-contaminated river water. This disease affects
mainly the bones, causing them to slowly disintegrate. At least 100
deaths were reported. Cadmium compounds have been detected in auto-
mobile emissions, tire residues, coal-fired power plant and phosphate
fertilizer plant emissions.

Lead effluents released into the atmosphere from industries
endanger the health of the pecople. Effects of this metal are damage
to kidney, liver, brain, and central nervous and reproductive systems.
A Philippine study showed that on-the-job exposure to lead is highest
among car factory workers. Painters, policemen, and ammunition
factory workers have a higher degree of lead exposure than farmers.

At 20 cubic meters of air inhaled per day, the bodily intake of lead
in cities 1is 40 to 80 microgrammes per day. About 35 percent of
this inhaled lead is absorbed by the lungs (El-Hinnawi, 1980).

Combustion of fuel oils in motor vehicles, power plants and
factories contribute to air pollution. The rising incidence of
respiratory diseases such as asthma, bronchitis, and emphysema (a
disease of the air sacs in the lungs) indicate the increasing con-
centration of these pollutants in the air. The increased carbon
monoxide concentration due to emissions from motor wvehicles in a
traffic jam may cause headaches, loss of vision, decreased muscular
coordination, nausea, and abdominal pain.

The cost of pollution due to loss of resources may be the result
of economic and/or technical inefficiencies or a direct result of the
degradation of the environment. Large amounts of waste in the form
of carbon monoxide and hydrocarbons result from the inefficient
combustion of fuel. The 400,000 registered motor vehicles in the
Philippines were estimated to emit 67,000 tons of hydrocarbons per
year. In terms of fuel, this amount of hydrocarbon emission is
equivalent to 90 million liters of gasoline wasted per year worth p 135
million (Uriarte, 1976). This also means that 0.62 equivalent liters
of gasoline are wasted each day per vehicle.

Damage to property due to the corrosive and soiling effects
of air pollution is an example of the loss of resources as a direct
result of environmental degradation. Natural and synthetic rubber
materials are broken down by ozone. Heavy particulate materials,
such as carbon and soot, soil laundry, settle on windows, automobiles,
and even on people causing the dirtiness of the cities.

Costs of these damages would consist of the cost of soot removal
and sandblasting of buildings, extra laundry and dry cleaning, and the
accelerated deterioration of rubber tires.

In the Philippines, rice farmers complain of poor crops due to
the pollution of the irrigation water. Severe loss was reported in
the multimillion milkfish industry due to industrial pollution.
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4., Concentration of Human Population (Urbanization)

"People settle where others already are" observed Foin (1976).
The worldwide tendency of people to crowd together results in the
rising population densities of many cities. At the start of the 19th
century, only 2 percent of the world population lived in cities.
About 50 cities at that time had population exceeding one million.
Now, about 12 percent of the world's population live in and along
the fringes of cities. 1In the year 2000, six people out of ten will
be living in cities. In 60 years cities in developing countries grew
more than 8 times and only 2 1/2 times in developed countries
(Borgstrom, 1973).

The growth of cities is largely due to the migration of people
from the rural areas. This migration was gtimulated by rapid popula-
tion growth and agricultural advances in rural areas as the "push"
factors and the attraction of modern and comfortable living and the
oppurtunities for a better life in cities as the "pull" factors.
"Surplus" members of the rural family who are not given any share
in the farmlands are pressured to migrate to try their luck in the
city environment. Modern agriculture adopted by the large landowners
in developed countries require less hands. Subsistence farmers with
no means to avail themselves of modern agricultural technology are
driven to the cities. A Philippine study showed that low agricultural
productivity, low incomes, meager industrial activity, and high
tenancy rates have triggered the migration of rural people to the
cities.

Urban areas are expected to continue to increase both in
developed and developing countries.

a. Unemployment and poverty

The massive and unanticipated migration of rural people to
the cities proved to be a disaster. These mirgrants had no skills
to offer and the cities were not prepared to cope with them. The
cities were not growing economically and were not producing jobs
fast enough to accommodate these newcomers. As a result, rapid
population growth of cities ran ahead of industrialization and
economic growth.

The unplanned growth of most cities both in developed and
developing countries has resulted in the deterioration of the quality
of life. With no job opportunities to sustain their population,
poverty and human misery became widespread. The poor in many
Asian countries is characterized by larger household, high dependency
ratio, lower unskilled labour force participation of men, low endow -
ment of human capital on education, higher open unemployment and
less stable job opportunities (Visaria, 1978).

The influx of rural-to-urban migrants is affecting urban
ecosystems adversely, diminishing the quality of life. The urban
population has grown much faster than the water, light, housing, and
even food facilities could be expanded. Slums and shanty towns pro-
liferate. Many families live in one-room houses and the homeless
crowd the sidewalks and sleep on the streets at night. Millions find
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their food in the garbage dumps. Water facilities are inadequate.
Natural waters, if available, are used for laundry, bathing, defeca-
ting, and garbage disposal. There is less food and whatever food
there is, is costly.

Jobs grow scarce with every passing year. Work to the slum
dwellers is in the form of garbage can raiders, rag-pickers, tin can
collectors, bottle gatherers and wastepaper bundlers (Borgstrom, 1973).
Many activities referred to by Borgstrom as "tertiary activities" are
mostly petty hawking, shoe-shining, message-running type of jobs
which somehow alleviate the poor families from absolute hunger.

But these are not productive activities and, therefore, do not con-
tribute to the growth of the economy. The miserable and subhuman
living conditions predispose the migrants to criminality, vices,
mental illnesses, injustice and other forms of social maladies.

b. Concentration of wastes

In an undisturbed ecosystem, wastes are broken down by
bacteria and reused by plants. A crowded human settlement produces
an enormous amount of waste which can exceed the capacity of the
environment to decompose wastes. Some wastes cannot be assimilated
in the natural processes being non-biodegradable. Thus wastes accu-
mulate to a nuisance level, polluting land, air, and water.

Let us take the case of the Philippines. As in other countries
solid waste accumulation is greater in urban areas than in rural

areas. In rural areas, the wastes generated are burned and buried.
Oftentimes, these organic wastes are recycled into animal feeds and
composting. In urban areas, because of limited space and dense
population, wastes accumulate at an average of 1/2 kilo per person
(NEPC, 1979). Metro Manila's seven million people produce 3.2

million kilos of garbage and 200,000 kilos of litter daily. The
squatters have added to the waste problem because of lack of disposal
facilities.

Open dumping and burning of wastes often lead to environmental
deterioration. The dumping of wastes pollutes bodies of water,
produces foul-smelling odor from decaying organic matter, and breeds
disease-causing organisms. The growth of pathogenic organisms coming
from wastes may deplete dissolved oxygen in surface and ground water.

c. High incidence of diseases

The increasing amount of wastes favors the increase of pests
such as rats and cockroaches and disease germs particularly the
water-borne. Rainwater may collect in empty cans and depressions
and become breeding places for malaria mosquitoes. Big piles of
exposed wastes breed flies, the carriers of gastro-intestinal
diseases and germs.

Poor environmental sanitation is a major factor leading to the
high incidence of communicable diseases in most cities, especially
the slum areas. The absence of proper methods of waste disposal of
human and solid wastes favors the spread of diseases. The poor water
facilities make it difficult to practice hygiene and sanitation.
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Industries set up their plants near rivers and creeks to use them for
dumping their refuse. This results in widespread pollution and the
spread of diseases.

The migrants who come to live in the cities are suddenly con-
fronted with environments very much different from their former en-
vironments. They face various adjustment problems. Overcrowded
stores, traffic jams, noise and impersonal relationships prevalent
among city dwellers produce stress. Ulcers, hypertensions, impotence,
glandular upsets, asthma, migraine, lumbago, and cardiac diseases
caused by stress are also known as psychosomatic disorders.

Stress may also cause withdrawal from the family or group
either physically (called desertion) or emotionally (refusal to
socialize) and aggressive behaviour. The rise in crimes, delin-
quency, vices, mental diseases, and heart diseases are traceable to
population stresses.

Many scientists say that when people are forced to live in
crowded areas such as the slums of large cities, physiological and
psychological disorders may result. All these may lead to a break-
down in the mechanism of social order and eventually to unrest,
violence and crime.

d. Malnutrition

When the quantity and quality of food is inadequate, as is
often true among the poor, malnutrition and undernutrition are not
uncommon. Shortage of calories and nutrients causes malnutrition
and undernutrition. A malnourished person lacks specific nutrients
in his diet. An undernourished person is one whose daily intake
of calories is much less than the minimum requirement of energy.
The effects are reducted life expectancy, increased susceptibility
to diseases, and reduced productivity.

In communities with a food shortage the working force is "fed
first and best." Children are fed with bulky, starchy foods which
fill their stomach but lack nutritients to keep them healthy. The
body's resistance to disease is reduced. Among the diseases made
worse by malnutrition are gastroenteritis, colitis, TB, influenza
and pneumonia. Many children die directly of the disease but in-
directly of malnutrition.

Studies suggest that in the long run, insufficient protein-
calorie in the diet may have irreversible and permanent effects on
children's mental and physical development, personality traits, and
performance.

The two severest forms of insufficient protein-energy are

~ kwashiorkor and marasmus. Millions of children in Asia, Latin
America and Africa afflicted with these diseases suffer from loss
of intelligence, stunted growth, and thin and wasted muscles. The
children become apathetic, listless, irritable, moody, and less
attentive. Thus, malnourished children have greater difficulty
learning in school than their better nourished peers (Rosenzweig,
1974).
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A number of studies conducted in developed and developing coun-
tries show a strong correlation between nutritional levels and physi-
cal and mental development in pre-school and school age children of

the poor.
e. Conflicting land uses

Conflict in land use results from random, uncontrolled growth
of the community. The areas suitable for forestry, for recreation,
wildlife, and water management are often the sites for mining,
logging, and shifting cultivation. Urban areas spread out and en-
croach into rural lands. Sometimes prime agricultural land is lost
to urban growth. Flatlands, where urbanization often emerges are
most suitable for agriculture. Thus good productive soil is lost to
building construction, concrete paving and road building.

In developed countries, intensive agriculture frees more land
for urban growth. In developing countries, because of the high and
rising cost of production by intensive agriculture, extensive agricul-
ture is more prevalent. More land is needed to increase food produc-
tion to feed the growing population. Thus, the need for more farm-
land competes with the need for urban growth.

C. BROAD-BASED MEASURES TOWARD THE SOLUTION OF ENVIRONMENTAL PROBLEMS

Environmental problems are spreading globally and causing much
concern. Crises in energy, food, minerals, water and other material
needs poéint to pressure on our natural resources. Our biological
environment which sustains life and cleans and removes wastes has
been severely burdened. There is pressure on society's ability to
dispense services like education, medical care, and the administra-
tion of justice. There is even pressure on values such as privacy

and freedom.

Proposals to solve this wide range of environmental problems
are varied. Some of these proposals are to limit the size of
population and redistribute wealth. Others thoughtthat technology
would be the answer. The proposals to solve environmental problems

are discussed below:
l. Control of Population Growth

In developing countries children at an early age are expected
to help provide for the economic needs of the family. The more
children contributing to the family earnings, the better. However,
infant mortality is high, especially in India, Pakistan, Bangladesh,
and Africa. To be assured that one or two sons will survive, couples
must bear an average of six. In most cases, couples overcompensate
by bearing more than one child to replace the lost one.

Culture does not have a very strong influence on the size of
family. In poor countries, most women marry and bear children at
an early age. They start at age 15 or 16 and continue bearing chil-
dren to the age of 40. In some countries like India, barren women
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are co n51dered a disgrace. Tradition, in these countries, reinforced
with religious teachings is pronatalist. It is considered immoral
to interfere with the reproduction process.

In the past, population control has been through increased
mortality rate. The practices of infanticide, celibacy, migration,
expulsion, cannibalism, war, ritual sacrifice, abortion, and delayed
marriage has been resorted to. Now, the consensus is for limiting
the birth rate through education, persuasion, and the use of medical
science.

a. Birth control through education

P S SR R . e R

On the premise that people's attitudes are developed in child-
hood, it is thought that early education can change the reproductive
behavior of a population. Expectation of marriage, having a family
in the future, and even the ideal size of the family are now
culturally transmitted through the schools. Mass education rather
than the depth or the average duration of schooling is the most
potent force for change. Education depresses fertility in five

ways (Caldwell, 1980):

(1) It reduces the child's potential for work inside and
outside the home thus changing his role from partner in earning a
living to being a dependent.

(2) It increases the cost of bringing up children. School
children demand more of their parents than do illiterate children.

(3) The school creates dependency not only with the family
but also within the society. Society is called upon to maintain
the school through taxation. The family, therefore, has a big
investment in every child.

(4) The school speeds up cultural change and creates new
cultures. It induces changes in all classes in society.

(5) The school serves as a major instrument for propagating
values intended to raise the quality not the quantity of children.

The population policies of several developing countries recog-
nize the importance of education in disseminating population issues.
Bangladesh proposes a major educational campaign to draw attention
to the seriousness of population growth and to set up group dis-
cussions in villages, factories, schools and colleges; the introduc-
tion of population education in all curricular levels; the use
of radio, television, newspapers, posters, and pamphlets to dissemi-
nate information on population problems and methods of family planning,
a social work program that stresses population and family planning.

India emphasizes population education by radio and other mass
media. Population-related subject matter is introduced in the
curriculum of public schools in Malaysia. Thailand introduces
programs on population problems in adult education, nursing, mid-
wifery, teacher training and other areas of higher education. The
Philippines integrates information on population and family planning
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b. Persuasion

Motivation is the single most important factor that can reduce
population growth rate. Only determined couples succeed in limiting
their families. 1In Europe, even in Catholic countries, low birth
rates have been achieved because couples have managed to aveid having
the children they did not want.

In developing countries, couples want larger families and
usually end up with more children than they want. Their interest in
family planning is not matched by a desire to use modern birth control
methods.

Most objections to population policies and control measures
can be overcome through persuasion. In Egypt, for example, people
learned to seek out population control methods when women were
emancipated. Education was opened to both sexes and social security
was provided (Ismail -~ Sabu Abdalla, 1974).

(1) Family Planning - Family planning programs not only provide
means for contraception. They also spread the idea of birth control
through educational campaigns. Studies on family planning reveal
that in developing countries, knowledge of birth control is limited,
especially in rural areas. Information dissemination is carried
out through independent clinics or in cooperation with maternal and
child health agencies or both. 1In some cases, mobile units are used
to distribute pamphlets and circulars. Billboards, radio and news-
paper announcements are made. Plays and shows put up by traveling
troupes carry the family planning message.

The family planning programme also provides counseling ser-
vices on marriage, parenthood, child spacing, and assistance to sub-
fertile and sterile couples. Advice on nutrition and child care
are often included.

Globally, interest in population control is still low. The high
morbidity rates in many African states is hindering the family plan-
ning program. Maternal and child health services are now being
intensified. In Latin America which has the highest birth rate in
the world, the reluctance to accept birth control is partly due to
the influence of the church and partly to belief that more people
are needed to develop their vast resources. Family planning is ac-
cepted mainly for health and welfare reasons and as a means of
reducing illegal abortion.

Strong family planning policies reinforced by social and
economic measures are responsible for the declining birth rates in
some Asian countries. These countries are China, India, Thailand,
Indonesia, Sri Lanka, Hongkong, Singapore, Taiwan, and South Korea.
But family planning programmes have had very little impact on birth
rates in Pakistan, Malaysia, Bangladesh, Nepal, and the Philippines.
A large part of the Middle East countries is still pronatalist.
Family planning services have been established for health and welfare
reasons.
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(2) Socio-economic measures - People voluntarily practice birth
control under great social and economic stress and insecurity.
Limitation of maternal and educational benefits to a few children
per family is one such pressure. In the Philippines, income tax
deductions are allowed only on the first four children in the
family.

Incentives for late marriages and childlessness are measures
of population control. For example, bonuses are paid to first-time
brides of over 25 years, couples after childlessness of 5 years,
or men who submit to vasectomies after their wives have given two
births.

Proposals to promulgate laws raising the legal age of marriage
in Tunisia, Bangladesh and Iran have been made (Stamper, 1977).
Delayed marriage and a reduction in the desired number of children
are exptected to lower overall fertility.

Bangladesh offers monetary incentive for vasectomies, tubal
ligations, and abortions. Compensation payments for sterilization
and IUD insertions are still being used in India.

Motivation schemes for smaller families are also being used.
Tunisia provides greater payments to small families and to single
persons. Bangladesh restricts ration cards to two children per
family and prohibits couples with two or more children from using
the fair-price shops. In Malaysia, maternity benefits of government
workers are allowed for the first three children only.

Adoption by small families or childless couples can be encouraged
through subsidies. Social security pension for aging adults would
hopefully change the traditional attitude of parents regarding
children as an insurance against old age and illness.

The emancipation of women from their traditional roles of
wife and mother, providing equal opportunities in education and
employment for both sexes and the provision for child care are
persuasive measures to encourage women to seek employment outside
the home.

¢. Use of medical science - Medical science has made great
progress in the development of birth control techniques particularly
in oral contraceptives and intrauterine devices. Most of the re-
searches now are concentrated on improving chemical agents for
birth control.

Although contraceptive technology has greatly reduced the
birth rates in some countries, the population control movement is
still unsuccessful in most of the developing world. There is a
need to develop a contraceptive that is cheap, easy to use, effective,
and free from unpleasant or dangerous side effects.

Some conventional methods and devices for birth control are
the condom, diaphragm, cervical caps, various jellies, creams,
foams, douche, and rhythm method. Newer birth control techniques
like the pill and IUD are the more commonly used.
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(1) The Pill - the pill is considered to be the most available
and most effective birth control means except abortion and steriliza-
tion. It is a contraceptive (i.e. prevents conception) by preventing
ovulation. It is composed of the hormone, estrogen, and a synthetic
substance, progestin. It is taken daily for 20 to 21 days of the 28-
day cycle. Pills can regularize and moderate the menstrual period
thus decreasing iron deficiency anemia often observed in women in
developing countries. Some undesirable effects are possible blood
clotting and stroke observed in some users.

(2) Intrauterine Device - the intrauterine device or IUD is
placed inside the uterus to prevent conception. We are still not
completely certain as to how an IUD works but it probably works by
preventing the implantation of fertilized egg after conception.
The IUD is most suitable for women over 30 and who have had one or
two children. It is cheap and requires very little attention once
placed in the womb.

(3) Abortion - Abortion is the removal of the partially de-
veloped fetus from a woman's womb. There are many different ways
of performing abortion. But the very crude methods are often harmful
and can even be fatal to the woman.

Abortion is legally sanctioned in most industrialized countries.
It is often provided free and at very low cost. Legalized abortion
in Japan and Eastern Europe have been largely responsible for
reduced birth rates.

In most developing countries, resistance to this method is
due to religious groups' belief that removal of the fetus destroys
the potential human being and, therefore, transgresses a higher
spiritual law.

By the early 70s abortion laws of some developing countries
have been liberalized. Zambia allows abortion during the first tri-
mester of pregnancy for medical and social reasons. South Korea
legalized abortion in 1973 and made it available in government
facilities at very low cost and free to women as part of the family
planning programme. Uruguay waives its anti-abortion law if done
during the first trimester. Only "social" abortion for women with,
at least, five living children is authorized in Tunisia. India has
increased its facilities for abortion. Bangladesh asserts that
legalized abortion is one of its best and most effective strategies
for controlling population growth.

Restriction on abortions in some countries has not deterred
some members of the population. Abortions are performed secretly and
illegally by unqualified doctors or completely untrained persons.

As a result, the heatlh of the mother is endangered.

Children of mothers who were denied abortions in Sweden and
Czechoslovakia were found to have more health and social adjustment
problems. However, until a more effective form of contraception
is developed, many people will resort to abortion.
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(4) Sterilization - Surgical sterilization is another sure
method of birth control for both men and women. The operation for men
is called "vasectomy" and '"tubal ligation'" for women. Both methods
are considered almost 100 percent effective in preventing conception,
if properly done. This method should be resorted to only by people
who are sure of not wanting more children because the process is
irreversible.

In India, all fathers of three or more children are urged to
have a vasectomy. Sterilization of women is now gaining acceptance
in developing countries. Although a more difficult operation than
vasectomy, it is often easier to implement than sterilizing men.

2. Using Science and Technology to Solve Environmental Problems

Much of the deterioration in the environment and the impaired
gquality of life are the direct and indirect results of advances in
science and technology. Yet, we are forced by circumstances to
fall back on technology to remedy these problems.

Technology is needed to produce emissionless automobiles,
power plants, machineries, steel mills and chemical plants. We
look to agricultural technology for production methods with the least
destructive effects on soil, plants and animals. Technological
solutions are also needed in designing sewage and garbage plants
to bring back organic waste to the soil. Too much dependence on
technological solutions, however, has two basic flaws (Foin, 1976):
(1) technological solutions are often limited by social, economic
and political climate, and (2) technological solutions result in
imperfect remedies because the solutions are also imperfect. An
example of the first limitation is the development of the internal
combustion engine intended to provide power to run machines and
increase production. Used in vehicles it provides greater mobility
and prevents isolation of communities. But it also produces harm-
ful by-products which detroy the quality of air. Factory machines
create stress-producting noise. The height of factory smokestacks
had to be raised to prevent atmospheric inversion caused by low
temperature near the ground and high temperature above it from
trapping particulates and pollutants at ground level. As a re-
sult air over London is cleaner, reducing this health problem. But
the pollution problem has been exported to the nearby countries of
Scandinavia. The problem with atmospheric inversion is an example
of the second limitation.

a. Expanding and Improving Traditional Food Sources

Among the new techniques used to increase production in
agriculture are aquaculture, intercropping, multiple-cropping and
combined rice paddy-fish culture. Irrigation has made multiple
cropping possible. Scientific knowledge of the nature and growth
characteristics of crops led to better understanding of intercropping
and aquaculture. Many farmers also go into duck raising in fertilized
ponds or livestock-raising in tree farms to increase food production.
In freshwater fish culture fast-breeding carp and tilapia (mouth-
breeding cichlid fishes) are the most popularly used species.
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Fish farming and seaweed culture in brackish and saltwater
lagoons and estuaries are alternatives to freshwater fish culture.

Plankton and seaweeds can be harvested from the ocean to feed
people. Many kinds of seaweeds are traditionally used in many
developing countries as food. But recently they are found to be
good sources of emulsifiers, gelatins and other additives for use
in modern food processing.

Among the promising sources of food are indigenous meat
animals such as antelopes, oryx, and the American buffalo. They
can be domesticated and raised in farms. Perhaps what we now know as
wildlife, when domesticated, can become a major source of protein
in the future.

Fortified grain or flour is the result of researches in im-
proving the proteinquality of grains. But enriched flour with pro-
cessed amino acids does not make an impact on the poor and hungry
people of developing nations because they are expensive.

Increasing the natural protein content of cereal grains is
an alternative to fortified grains. This is achieved through cross
breeding to develop grains with greater nitrogen fixing capacity.
Raising high protein varieties, however, requires more energy,
water and fertilizers thus making it unattractive to farmers.

b. Developing New and Unconventional Food Sources

Synthetic food is fast becoming a reality. Single-cell
protein (SCP) can be produced from single~cell organisms grown on
petroleum products, sewage sludge or other substrate. If sufficient
amounts could be developed and processing would not be costly, SCP
could make up the protein deficits in developing countries. SCP
has been used as animal feed. It can alternate with or replace
corn and soybeans as animal feed so that these crops could be
used to feed people.

Algae, a source of protein, when processed into powdered
form, may be added to milk and other foods. As a food supplement,
algae protein appears to be beneficial in treating protein-deficient
children and mothers.

Other proposed protein supplements are brewyer's yeasts,
water hyacinth, fish protein concentrate, and leaf protein
extracts. Water hyacinths and other water weeds can be converted
to cattle feed. Small-sized fish formerly left unharvested because
of its low market value is now processed for food. But this would
decrease the food for larger fish stocks. Forage crops like alfalfa
and sorghum produce large amounts of high quality protein. The
fibrous residue could be fed to horses and cattle and the protein
extract could be made into protein supplement for human consumption.

Processing of food supplements is complex and costly. Considera-
ble investments in research and development must be put in before
they can be made acceptable to consumers. Nevertheless future de-
velopments may eventually lead to large scale production.
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c. Treatment of Malnutrition

New food combinations made from conventional sources have been
developed. Combinations of corn and cottonseed meal enriched with
Vitamin A and B known as "Incaparina'" was developed by the Institute
of Nutrition for Central America and Panama. This food substitute,
however, has been unsuccessful in the markets of developing countries
largelydue to its unaceptability as food.

Special foods made from legumes such as soybeans, peanut,
cottonsead, and sesame seed extracts have been widely used. High-
protein soy-based food products such as milk, beverage, coffee, and
other food products have found their way into the market. Buns
fortified with milk solids are distributed to school children in
many countries. Consumer acceptance is the biggest problem.

d. Pollution Abatement

Pollution problems have been given technological solutions.
Tradeoffs, however, have become inevitable. For example, garbage
is collected in order to clean the surroundings but when these
wastes are burned the air is polluted or when the garbage is thrown
into rivers, river water is polluted. No technology is, as yet,
known to completely eliminate pollution. Technology can only help
reduce pollution levels below the danger point. Present technology,
if properly used, can only provide the time needed to develop more
efficient pollution control technology.

Pollution is dealt with in any of four ways: (1) wusing an
effluent treatment or emission control device, (2) modifying the
process so that less pollutants are released, (3) using a cleaner
fuel, (4) instituting social mechanisms that discourage pollution.

Developed countries confronted with serious pollution problems
spend huge sums of money for pollution control. Japan spends about
two percent of its gross income on anti-pollution devides (Roxas, 1976).
Developing countries with no serious pollution problems could benefit
from the pollution abatement technology developed by the affluent
countries. A

(1) Air Pollution Abatement - Motor vehicle emission and
industrial fumes are the two major sources of air pollution. From
these sources, the major pollutants are the oxides of carborn (carbon
monoxide, carbon dioxide), oxides of sulfur (sulfur dioxide, sulfur
trioxide), oxides of nitrogen (nitric oxide, nitrogen dioxide),
hydrocarbons (e.g. methane, butane, benzene), photochemical oxidants,
and particulates.

An emission control device is installed at the exhaust pipe
of a motor vehicle or the smokestack or chimney of an industrial
plant. An example is the catalytic converter, a device attached
to the car exhaust pipe. As the car exhaust passes through the
converter, the carbon monoxide and hydro-carbons combine faster with
oxygen of the air. The products are harmless carbon dioxide and
water. Using the same principle, particulates are removed from in-
dustrial exhaust by means of giant vacuum cleaners known as fabric
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filter bags, or by electrostatic precipitators or by wet scrubbers.
In electrostatic precipitators the particles are given negative
charges and then passed through positively charged walls of the
precipitator to which they are attracted. The accumulated dust
particles are then released to a collecting chamber when the walls
of the precipitator are made to vibrate. The wet scrubber removes
dust from industrial exhaust by spraying it with water. The cyclone
filter removes heavy dust particles with the aid of gravity and a
downward spiraling air stream.

Sulfur emission from cars, factories and power plants can be
reduced by using low-sulfur coal instead of high sulfur coal. Re-
search is also being done in converting sulfur dioxide into harmless

Distillation of petroleum to kerosene to gasoline yields
cleaner fuel with longer processing. Even coal can be processed
to yield cleaner coal gas. Alcohol from plants such as sugar cane
and cassava 1is a clean fuel. The procesges involved are still too
expensive for industrial use. And the processing itself requires
the burning of fuels that emit pollutants into the environment.

Electric cars could replace the present motor vehicles.
Electric cars are pollution-free, almost noiseless, and more efficient
in energy conversion. But these cars use fuel cells which have to
be recharged with electricity generated from power plants. There-
fore, the pollution removed from the cars is only transferred to
fewer but larger sources which are the power plants. Development
of newer types of storage batteries with bigger capacity and fuel
cells using hydrogen or light hydrocarbon fuels may make the
electric car the most possible replacement of the internal combustion
engine.

Environmentally aware governments are resorting to taxation on
effluents, pollution penalties, and licensing as social mechanisms
for air pollution abatement. Such mechanisms can only be successful
when used with acceptable standards and with scientific measuring
techniques.

(2) Water Pollution Abatement - Treatment plants to control
domestic sewage are the result of research and development activities
to control water pollution. The aim is to use sewage as fertilizers
and to recycle domestic wastewater. But treatment of sophisticated
industrial wastes requires a higher level of technology. This
requires means of separating and recovering harmful pollutants
from large volumes of water.

Domestic sewage goes through three stages of treatment. The
primary treatment of sewage includes mechanical filtration, screening,
settling, and chlorination. It removes about 50 to 65 percent
solids and 25 to 40 percent of the 5-day BOD (Biological Oxygen Demand) .

The secondary treatment uses biological processes to remove
organic material from the sludge produced after primary treatment.
It involves the intensive use of bacterial activity. It removes about
90 percent BOD and 90 percent suspended solids (Ehrlich, et al, 1977).

Cost of treatment, and electric cosumption, however, is high.
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The tertiary treatment is the most costly. Some sewage treat-
ment plants do not include this last stage. A variety of technologies
is used in the treatment of sludge coming from the secondary treatment
plant. These processes which may be used in different combinations are
distillation, reverse osmosis, electrodialysis, chemical precipitation,
ion exchange, and carbon absorption. Phosphate, for example, may be
removed from effluent when the effluent is mixed with lime. Nitrogen,
as ammonia, may be removed from effluents in a stripping tower where
air 1is blown through the sewage.

Other technological alternatives to sewage treatment are
composting toilets, land treatment, and ponding for sewage plant effluent
(Ehrlich, et al, 1977).

Other alternative approaches to the tertiary treatment of
sewage which are not capital and electricity intensive have been deve-
loped. These are rapid infiltration through porous surface layers into
deeper aquifers, crop irrigation by overland flow, and crop irrigation
by slow infiltration. These involve the treatment of secondary treat-
ment effluents.

Ponding with algae is another way to treat wastewater. Waste-
water is placed in large shallow ponds. The bacteria take in the
dissolved organic materials and convert them to carbon dioxide and
water. The carbon dioxide and nutrients are converted by bacteria to
biomass. This biomass is used as animal feed or fuel. The oxygen
released by the algae during photosynthesis is used to metabolize waste
materials.

e. Recycling

Huge piles of throw-aways like paper, glass, rubber tires,
cans, used cars, and plastics represent the lost resources and
energy which have been put to use in their production. This kind
of waste (the throw-aways) continue to increase its rate of accumu-
lation with the growth of population, industry, and the use of tech-
nology and resources. If we are to protect our environment from
the adverse effects of wastes, we must control and manage wastes and
pollution at the source. This requires more efficient and less
wasteful technologies -- technologies that provide for use, reuse,
recovery, and recycling of the waste products. Recycling has also
made garbage into fertilizers, sulfur from oil refineries into sul-
furic acids, and iron dust from steel plants into steel again.

Recycling that involves chemical processing is, in most cases,
expensive. Still it will cost less to recover waste at the source
than to clean up after they have been dispersed in rivers, in the
