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PREFACE

The target groups of technical and vocational education play an important
role through their actions and decisions in changing the indoor and outdoor
environment. Environmental changes ought to be sound with respect to health,
sanitation, safety, resource utilization and its recycling, waste disposal,
pollution of air, water and soll etc. A fundamental step towards this direc-
tion is to provide the technical and vocational education trainees and gradu-
ates with an awareness, knowledge, skills and commitments on the environment
and its relationship to humanity with the purpose of improving the environment
and preventing environmental problems. This is a global goal of environmental

education.

This document has been prepared in the context of activities of Unesco-
UNEP International Environmental Education Programme (IEEP) with the objec-
tives to spur reflections on the need, importance and place of environmental
education (EE) in technical and vocational education and to provide general
suggestions for the incorporation of EE into TVE. The draft of this document
was presented and discussed at the Consultation Meeting on the Incorporation
of Environuental Education into Technical and Vocational Education,
10-14 March 1986, Singapore.

Unesco is appreciative of the collaboration of nr Sven Grabe in the prep-
aration of this document., Suggestions for the improvement of this document in
its future revisions will be received with appreciation at 1EEP, Division of
Science, Technical and Environmental Education, Unesco, 75700 Paris, France.

Opinions expressed in this document are not necessarily those of Unesco.
The designation employed and the presentation of the material herein do not
imply the expression of any opinion whatsoever on the part of Unesco concern-
ing the legal status of any country, or of 1its authoriies, or concerning the
delimitations of frontiers of any country or territory,
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FOREWORD

The essential purpose of this paper is to serve as a basis for discussion
of the scope and place of environmental education in technical and vocational
education. It is addressed primarily to the administrators, curriculum devel-
opers and others who participate actively in the definition of scope and con-
tent of courses in which skilled workers, technicians and engineers are
trained for employment in the various fields of economic activity and, par-
ticularly, in industry and agriculture,

The paper is intended to convey both a sense of urgency Iin reaching these
groups in the populaticn with an environmental message and to make them aware
of what they can do in their work to arrest the current trends towards irre-
versible damage to the human environment. It should also convey to them a
sense of the key role that they must play in the future in this respect. At
the end of their studies they should have a clear view of the environmental
issues relating to thelr respective fields of work, and the skill and knowl-
edge needed to deal with them.

The paper is divided into six main parts, After a brief introduction
setting out the main reasons why environmental subjects should be given
increased attention in technical and vocational education a second chapter
deals in some detail with the main environmental issues which are or may be
considered relevant in this context. The third chapter seeks to pin-point the
elements of environmental risks which relate to the various levels and sectors
of technical and vocational education, Chapter four is primarily concerned
with the Integration of environmental education into the curricula - when such
elements are best made part of the teaching of other subjects or skills, and
when they may form a separate subject., Chapter five is mainly devoted to the
effects on teacher/instructor training requirements when more attention is
given to environmental issues in technical and vocational education, Chapter
six, finally, provides a brief summary of the paper, in which the principal
agpects and problems are highlighted.

The paper has been written by Sven Grabe, Education/Training Consultant
and former senior research officer at the International Labour Office., He was
agsisted, with special reference to the environumental issues, by Mrs Magdalena
Bhrstrdm, PhD, of the Environmental Health Section of the Swedish Board of
Social Affairs. Many other persons have been consulted on various aspects of
the subject in the course of writing. While the author expresses his sincere
thanks for these contributions, he takes full responsibility for his inter-
pretation of the advice given and for any error of fact or judgement that
might be found in the paper.



I. INTRODUCTION

Mass media are providing examples every day of the accumulation in recent
years of damage to the environment resulting from a wide range of techno-
logical applications. Forests are dying and fields losing their fertility due
to acid rain, due, originally, to increased use of sulphuv-carrying combust-
ibles in the production of energy or heat. Lakes and water streams polluted by
detergents, animal and human wastes and fertilizers, pesticides and herbi-
cides leaking from agricultural fields and forest lands, choking fish and
other aquatic life through overfertilization, or killing them by direct
polsoning. Even more ilmpressive are the occasional - Jncreasingly frequent -
reports on gas leaks from chemical plants, explosions and fires caused by
sloppy handling of risky operations or neglect in coatrol and maintenance of
safety equipment or the smog clouds moving in over large cities, causing death

and desease.

There are also almost dally accounts of negative eifects on the human
environment in industry and in many other fields of economic activity of new
materials and equipment, intrcduced without proper regard to the side-effects
which they may have on those who will use them in their work or on the ulti-
mate consumer; asbestos dust causing severe lung damage; faulty isolation of
houses providing breeding grounds for moulds emitting poisonous gas; badly
organized work places, without proper avrangements for the evacuation of pol-
luted air, dust particles and other impurities or poisonous elements, causing
unhealth among workers; insufficient filtration of emissions - by water or
alr ~ from housing complexes and factories causing harm to whole areas, These
are but a few examples of an accelerating environmental destruction in modern
soclety - destruction of the human environment, destruction of flora and
fauna, destruction of human health.,

In many cases the explanation gfiven to the accidents that occur, to the
destructive side-effects of so many activities in modern society - in the
homes, in agriculture, in the factories and even in the offices - is that 'the
human factor' i{s to be blamed. The human factor, in this context, can be
translated into two words: ignorance and negligence. Somewhere along the line
of actions leading to environmental damage or accidents are the engineers, the
technicians or the foremen and workers who did not know, or who did not under-
stand, or who did not care what the effects could be, They may have their
place in design, in procurement or in production proper, in maintenance or in
management and planning. Somewhere along the line things went wrong and the
result may be a slow deterforation in the health of the workers concerned, or
the people living in the neighbourhood, or the waterways and the atmosphere,
Worse still, perhaps, at any rate more spectacular in a mass media perspec-
tive, a sudden explosion, a fire or a gas cloud killing thousands of people
and cattle,

Combating ignorance on environmental {ssues, providing people with the
knowiedge and skills needed for dealing with them and conveying the sense of
resporsibility necessary for proper application of these skills and knowledge
are the principal objectives of environmental education in technical and
vocational education. Giving appropriate attention - to attain these
objectives - to environmental education in technical and vocational education
is particularly important because of the key roles - as the essential human
factors - of theé engineers, technicians, foremen and workers in reducing and,
1f poasible, eliminating negative environmental effects of the work that they

will be called upon to do.
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The Stockholm Conference on the Human Environment, in 1971, attached
special importance to the role of education in combating the threats to the
human environment, All forms of educational activities should be mobilized to
contribute to making young persons and adults aware of both the urgency of the
environmental problems of our time and of what can be done, collectively and
individually, to turn the trend around., Unesco was giveu main responsibility
for environmental education and for advising governments and the various pub-
lic and private bodies concerned on how educational programmes and insti-
tutions could share in the common effort of a world environmental programme.

Along this general line of policy Unesco has prepared and published a
number of studies, undertaken in close co-operation with the United Nations
Environment Programme and other international agencies concerned, on how
environmental issues might best be covered in the programmes of institutions
for general education at the various levels, The purpose of this paper 1is to
carry these efforts one step further by suggesting ways and means for
Integrating environmental issues also into the programmes and curricula of
technical and vocational education,

General issues of environmental education were the subject of the first
Intergovernmental Conference on Environmental Education, which was hrld in
Tbilisi (Georgian S8R, USSR, 14-26 October 1977), organized by Unesco in
co-operation with the United Nations Environment Programme. The Conference
conclusions were supplemented by a survey of international environmental
education needs and priorities in which 80 per cent of Unesco's Member States
took part. Furthermore an international workshop was held in Belgrade (1975)
and regional and subregional meetings on environmental education organized in
Africa, the Arab States, Asia, Europe and Latin America.

The Tbilisi Conference adopted 41 recommendations covering a wide range
of questions relating to national as well as international aspects of environ-
nental education, Of special relevance to the present study are the recommen-
dations relating to the ains and objectives of environmental education,
guiding principles to be applied in the design of programmes and the selection
of target populations, and to educational methodology.

Emphasizing the importunce of developing 'understanding [of] the complex
relations between soclo-economic development and the improvement of the
environment' Recommendation No. 1 sets out as a basic aim of environmental
education 'to succeed in waking individuals and communities understand the
complex nature of the natural and the built environments resulting from the
Interaction of their biological, physical, soclal, economic and cultural
agspects, and acquire the knowledge, values, attitudes and practical skills to
participate in a responsible and effective way in anticipating and solving
environmental problens, and in the management of the quality of the environ-
ment'. As regards educational content, enviroumental education should 'provide
the necessary knowledge for {nterpretation of the complex phenomena which
shape the envirunweant and encourage those ethical, economic and aesthetic
values which, constituting the basis of self-discipline, will further the
development of conduct compatible with the preservation and improvement of the
environment; it should also provide a wide range of practical skills required
In the devising and application of effective solutions to environmental
problems',
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With regard to target populations the same recommendation states that
'environmental education should cater to all ages and socio-professional
groups in the population'; it mentions, in this context, besides the general
non-specialist public of young people and adults, particular social groups
whose professional activities affect the quality of the environment and
scientists and technicians whose specialized research and work will lay the
foundations of knowledge on which education, training and efficlient management
of the environment should be based,

Recommendation No. 2 distinguishes between five categories of environ-
mental education objectives: awareness, knowledge, attitudes, skills and
participation., It emphasises that environmental education should consider the
environment in its totality, be a contfnuous lifelong process, be inter-
disciplinary in {ts approach, examine major environmental issues from local,
regional, national and international points of view, focus on current and
potential environmental situations, stress the value and necessity for local,
national and international co-operation in approaching environmental issues,
relate the studies to plans for development and growth and help learners
discover the symptoms and real causes of environmental problems.

With reference to eduvcational methodology several recommendations empha-
size the need for a flexible approach and for the integration of environmental
tssues into the teaching of, for 1instance, the natural and. social sciences and
technology. The interdisciplinary nature of environmental problems - and their
solutions - 18 a recurrent theme in many of the recommendations, as is the
need for a problem-solving and action-oriented approach in teaching. Spectal
reference i3 made to the effects on the environment of the work of many pro-
fessionals (reference being made to engineers, architects, administrators,
planners (Recommendation No. l1) and teachers (Recommendation llo. 17))
stressing the need for including environmental issues {n thelr pre-service
training - including postgraduate studies - as well as special In-service

courses,

The principal subject of the recommendations of the Tbilisi Conference is
the broad environmental issues, There is little mention of the specific prob-
lems that should be dealt with at the various levels of general educatfon or
in technical and vocational education. These have been the subject of further
studies carried out by Unesco in close co-operation with the United Nations
Environment Programme and by various Specialized Agencies such as the Inter-
national Labour Office, FAO, WHO and others, including a wide range of non-
governmental organizations and regional bodies., The range of such activities
is too wide for special mention to be made here. Only a few examples directly

relevant to the present paper may be given,

Unesco has, in the course of the eight years which have passed since the
Tbilisi Conference adopted its recommendations, published practical guidelines
and discussion guides relating to strategles for developing an environmental
education curriculum and the training of teachers {n environmental education
(both in 1980). It has further published modules for pre-service training of
teachers and supervisors for primary schools and science teachers and super-
vigors for secondary schools as well as a module for in-service training of
science teachers and supervisors for secondary schools,

Along the same lines of approach but with a different target population
the ILO Management Development Branch is currently developing basic training
materials for managers, companies and training institutions covering such
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aspects as general environmental management, project management and the
environment and production management and the environument. Also this work is
carried out in close co-operation with the United Nations Environmental Pro-
gramme and with its suppport. Several management ianstitutions have partici-
pated in implementing the project.

Engineers and agronomists, like many other professional people, indus-
trial and agricultural technicians, and specialized and skilled workers - the
principal graduates of the systems of technical and vocational education -
need special environmental education for two different reasons:

(1) they participate in the development and production processes which
influence the human environment; and

(2) they are, themselves, directly affected by that environment,

It is to both these roles of technical professional and executive person-
nel in the various fields of economic activity that environmental education
must be directed when forming part of a technical and vocational education
process, It is with these two roles in mind that the syllabuses and programmes
of environmental education must be designed for both young people who are
receiving their initial technical or vocational education and those adults who
are already employed in technical work,

Like all technical and vocational education enviroumental aspects of
technical activities must be subjects of lifelong education. Technological
applications in agriculture, in industry, in medical services and in many
other flelds of economic and social activity are undergoing rapid change. New
materials are bLeing developed with other properties - other risks to the inner
and outer environments - than those previously used., New processes are being
fntroduced, new organizational patterns tried, which may have a different
fmpact on those directly involved in the work or on the environment close by
or even far away,

Environmental education tasks are further complicated by the very wide
range of human activities involved. The graduates of technical and vocational
education are employed in practically every type of work, at every level of
human hierarchies, Environmental problems relating to the mining industry
differ in most respects from those relating for instance to agriculture or,
again, from those relating to the mechanical industry, the tr..nsport industry
or clerical and office occupations,

A few of them are general - relating to the relationship of man to his
environment in general - are common to all fields of economic and social
activity. It is assumed here that these, on the whole, will be covered as
environmental aspects in general education and that what needs to be done with
respect to these general environmental issues in technical and vocational
education {8 to reinforce what has already been taught at an earlier stage in
the total educational process. The main issues to be dealt with below are
those which are technologically specific to the various branches of activity
or to groups among them, This in itself is a sufficiently wide-ranging 1issue,
given the wide varfety of tasks undertaken in modern society by the various
categories of technical personnel,
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The wide variety of tasks 1s only one of the complications in a dis-
cussion of environmental education in technical and vocational education. A
second 1s the wide variety of forms in which such education 1s provided and
the often broad range of public and private authorities and other bodies
involved in its administration. Higher, intermediate and lower technical edu-
cation are often the responsibility of three distinct authorities., Higher
technical education may be provided by university level institutions - if not
by the universities themselves; intermediate - technician level - technical
education may be an integral part of the system of secondary education or con-
stitute a separate system of post-secondary specialized education or more
generally a system of further education subsequent to the period of compulsory
education, It is sometimes iIntegrated into, sometimes separate from, sometimes
built on top of the vocational education system. The vocational education
system, finally, may function entfirely within the system of secondary edu-
cation or form a separate system of further education, be full time or part
time - like in some countries at least a part of the system of intermediate
technical education.

Adulct technical and vocational education presents an even umore complex
picture, While there has been a rapid development in extra-mural activities
and adult education programmes in most systems of technical and vocational
education, a substantial part of such educational activities are carried out,
in most countries, by a wide variety of public and private bodies, These
include, in addition to the adult training systems administered by public
authorities, research institutions, specialized consultants and training
institutes concerned with particular technological applications or with indi-
vidual functions, for instance in management and supervision, extension
services with special responsibility for, for instance agriculture or animal
husbandry - often supplemented by rural education prograummes initiated by
farmers' co-operatives =~ or for small industry development, by equipment manu-
facturers and other input producers and, last but not least, by operating
enterprises, To this should be added that only a proportion - varying accord-
ing to the level reached in the development of national public or private
technical and vocational education systems - of the technical personnel
engaged in agriculture - including independent farmere - the various fields of
industry and of those doing technical work in other fields of economic and
gocial activity, have received any formal technical or vocational education at
all. Large sectors of the economy, particularly in developing countries, arve
not served by any formalized system of technical and vocational education at
all, whether full time or part time. They depend for their supply of techni-
cally skilled personnel almost entirely on Informal training processes in
which knowledge and skills are just picked up on-the-job.

It 1s with these various complications in mind that the discussion of
environmental education in technical and vocational education should be
interpreted and read. :



II. ENVIRONMENTAL ISSUE3 AND RISKS

Technical personnel are exposed to the same general environmental risks
and may ~affect the environment in the same ways as any other people. In other
words, they need the same general environuental education - adapted to the
particular circumstances and environmental characteristics of the locality,
the region and the country in which they are living., As individuals they may
contribute in the same way as other people to polluting the air, the water-
streams and the lakes, spread non-destructible wastes in the fields and
forests, cause destruction through careless handling of fire, neglect the
proper maintenance of private vehicles, furnaces and other fuel-burning equip-
ment resulting in unduly 'dirty' ewmissions of gases, heavy metals and sulphur-
ous substances, Like all others they may actively help cleaning up the
environment by proper disposal of wastes, adequate maintenance of equipment,
choosing methods of heating and waste disposal that minimizes environmental
risks., Like all others they may participate in community action to keep rivers
and other waterways clean, to collect undestructable wastes In nature and
exercise civic control of the ways in which their community is handling
enviroamental issues. Like all others they can actively contribute to environ-
mental maintenance and improvement by properly sorting the wastes produced in
their households, by participating in group actions to plant trees to arrest
soil erosion due to deforestation and take other kinds of constructive action
to {amprove the environment,

All this belongs to the general environmental issues which should be
dealt with already in the course of their general education before entry intc
technical and vocatlional education; the awareaness, knowledge, attitudes,
skills and will to participate in group action should be reinforced during
their technical or vocational education building on what has gone before. In
this respect environmental education in technical and vocational education
should be seen as a continuation of general education, designed to provide
further environmental education,

Technical pecrsonnel - receiving their training in courses of technical
and vocatfonal education for young persons as well as for adults - do, how-
ever, require more than the general iantroduction Into environnental issues
than those who attend general education only. They need to learn to
appreciate -~ identify and evaluate - the effects of their professional work on
the environment; the risks to nature at large involved in the typee of
operations that they will be or are performing in their occupations. They
need, in particular, to be aware of the environmental properties of the raw
materfals they are using, the processes which they are designing or control-
ling and the risks that those who perform them and those around - at the work
place or around it - may be exposed to. Those around, in this context includes
aot only the human beings but the flora and fauna, the soil, the air and the
water in the immediate neighbourhood as well as further away.

For the sake of clarity a distinction will be made below between the
'outer' and the 'inner' environment. The outer environument is then understood
as the 'world around' - the inner as the work place - the farm, the factory,
the office in which technical personnel is employed. The two often overlap., An
explosion in a factory may have effects far beyond the walls to the outside
world. The overheating in the Three Mile Island nuclear energy plant
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threatened not only those directly involved in the operation of the process
but also those living miles away. The Bhopal cloud of poisonous gas was
carried by the wind through a heavily populated area killing or severely
injuring thousands of people, cattle and other living beings. What started as
an accident related to the ianer environment involving great risks to those
directly invclived in the process, rapidly developed into a catastrophe in the
area down-wind from the plant.

The inner environment 18 not necessarily a closed arez like a factory. It
includes the fields and pastures of farms as well as the'buildings in which
animals are housed. It includes the roads, railways and waterways which serve
for the transportation of goods. The main distinction is between environmental
risks suffered by the people at work and those which relate to the outside
world,

It should be recalled here that technical staff ian agriculture, in
industry, in medical and social services, or engaged in other economic or
social activities are charged with a great variety of functions. Graduates
from the same class of higher technical education may, ten years later be
engaged Iin a wide variety of jobs, differently related to environmental
issues, Some may be working in design and development of products, equipment
or processes, or in the procurement and quality control of materials and
equipment; others in production proper, still others in marketing, sales or
service to customers, The same - mutatis mutandis - applies to both tech-
nicians and skilled and specialized workers, Trained electricfans or mechanics
are engaged in both production and maintenance, in factory as well as field
work, and in a wide range of economic and social activities, Mechanization and
computerization of many functions in the various branches of industry, in
medical services, in agriculture and forestry, and in clerical and commercial
occupations has profoundly modified the structure of employment In all these
fields of economic and social activity and, in particular, widened the fleld
of employment for technically trained personnel,

The wide range of functions carried out by technical staff serves to
emphasize the need for lifelong environmental education., So does the fact that
_technical staff over the years often change their fields of work and the level
of their responsibilities. The skilled worker, trained as a mechanic or as an
electrician may, 10 or 15 years after graduation from a vocational school,
serve as foreman in a maintenance team or a production unit. A technician mnay
go through a number of specialized jobs with little - or as the case may be
major, for instance as a safety engineer - responsibility for environnmental
issues, ending up as a unit manager, responsible for both the¢ production and
the safety and health of the workers. Graduate engineers often rise to senior
management positions.,

There can be no question of grading the various environmental issues that
need to be taken Iinto account in environmental education in technical and
vocational education according to their level of urgency or the severity of
thefr effects on human life and society as a whole. They are all urgent - in
many cases irreversible damage has already occurred, for instance through
deforestation leading to erosion and flooding. They differ between them in the
senge that some are more relevant to one type of occupational specialization -
for instance the environmental properties such as the breaking down of
chemical substances in nature being of particular importance in the training
of chemical technicians and engineers - than to those in other lines of
technical and vocational education., Mcreover, what may be a priority aspect in
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environmental education for one or a few lines of technical and vocational
education or at one or the other level of such education, may be of lesser
faportance in another line or at another level, The determining factor should
be the impact that the work of the individual may have on the environment, the
type of operations he is likely to supervise or handle.

Technical staff are trained to become executives in production and main-
tenance, A principal aim in their technical and vocational educarion should be
to create an awareness of the relationships between their particular field of
activity and the environment and an understanding for the environmental risks
involved in 1t; to provide the knowledge they need to choose environmentally
safe ways of carrying out their functions} to develop the skills required for
applying that knowledge in their work; and to help them develop the attitudes
and the motivation for actively participating in environmental improvement and
protection,

1. The outer environment

The 1ssues relating to the outer environment of speclal importance to
technical staff concern the impact on the quality of 1ife on earth of the type
of actfivity {n which they are engaged. Central aspects are the impact of
emissions from productive units carried through air or water with humans,
anfwmals and plants at the receiving end. Included under this general charac-
terization are also the transformations taking place for instance in polluted
air - the 'acid rain problem', for {nstance - and tne chains of accumulation
in nature — for J-stance the absorption of heavy metals such as mercury by
nicro-organisms, finally ending up in the larger species of fish, or the
effects of DDT and other similar substances, such as road salt on bird life
and the fertility of birds ~ the 'silent apring syndrome',

Central environmental issues are also the properties of products - of
increasing importance with the proliferation of chemical substances used in a
widening range of economic activities including agriculture and manufacturing
industry - the safety and health riske that may be connected with their use
and the impact they may have on the environment when used. Examples of prob-
lems {n this respect are the health visks accompanying the handling of asbes-
tos, the gas emissions that may result from lmproper insulation and venti-
lation €avouring the growth of moulds, but also the construction of toys that
may endanger the health or even the life of children playing with them, A
third central theme should be the effects of exploitation of natural
resources - whether limited or - including, for instance such aspects as the
effects of selective felling of trees in natural forests resulting in sec-
ondary bush growtht and disappearance of the valuable specles, clear cutting of
forast land resulting {n erosion and precipitate evacuation of rain water.
Examples from other industries include for instance the undermining of land or
seca bottoms by the extraction of gas - the sinking Venice - or salt mining
causing risks for the mines to cave in,

Waste disposal

The perhaps most generalized issue of environmental protection velates to
the emissions into the air or into waterways and lakes of polluted gas or
fluids and the dumping of non-recuperable wastes from manufacturing processes.
Problems relating to this aspect of environmental pollution have often been
highlighted in recent years in the mass media., They are of particular rel-
evance to technical staff because the engineers, technicians and skilled and
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specialized workers in agriculture and industry often have a key role to play
in reducing or eliminating such malpractices. Moreover, until recently indus-
trial and other undertakings mostly tended to handle such matters rather care-
lessly believing that nature would take care of it. Ships were recklessly
cleaning their oil tanks in open sea; waste oil from machines and engines
enptied into rivers and lakes or simply thrown out where it happened to be
convenient, poisonous materials burried a few metres below grcund, processes
involving radioactive or polsonous raw materials or by-products started with-
out planning for the proper disposal or safe storage of the wastes. The land-
scape in mining areas is often marked by the mountains of non-coal wastes
brought up from underground to pave the way to the coal-carrying levels, metal
producing regions by the huge slag-heaps which have accumulated over the
years, In regions, where the ore contains high percentages of poisonous sub-
gtancesa, such as arsenic, a secondary effect has often been pollution of the
water supply underground making whole areas uninhabitable.

Most common - and therefore an important element in environmental edu-
cation in most lines of technical and vocational education - is pollution of
alr and water through direct emissions or through drainage channels, This
includes the pollution of the ailr through insufficlent filtering of exhaust
gases from coal and oil-burning furnaces or smelting cperations in metal-
producing plants, foundries and other similar installations, Technically the
stoblem includes the emission into the air of sulphuric elements, dust par-
ticles and soot, and other by-products of combustion processes, The polluting
agents differ largely between processes but the effects are similarly destruc-
tive on the environment,

Wacte disposal problems are found in practically all types of human
activity., It would carry too far in this context to try and provide a compre-
hensive listing of them, They include emissions of fibre from textile
factories - with grave pollution problems in waterways and lakes, spillwater
from chenical and pharmaceutical factories, from pulp-mills and paper-mills,
causing death to fish and other aquatic organisms, drainage of organic
materials from slaughterhouses and spillouts from farms - particularly the
specialized ones with large numbers of animals, the mixture of organic and
non-organic subgtances from leather tanning operations - briefly all types of
human activities from which residuals may find their ways into the waterways
and iakes, seep down into the groundwater or let out into the air,

The process {8 complicated by the fact that many substances, which may be
inoffensive in small quantities are often enriched in nature or may change
their properties through structural transformation, when mixed with other
elements, Exposure during short periods of time to toxic substances may be
inoffensive - over time the substance 1is concentrated in the liver or the
kidneys of humans or animals, with disease-provoking or fatal effects. 'Mad as
a hatter' {8 an expression which has its roots in long-time exposure to
mercury-poisoning from the chemicals used in the manufacturing of hats, The
decline in numbers of many species of wild birds in recent years is Jue to the
effects of chemicals indiscriminately spread in the forests, absorbed by
smaller animals such as mice and voles, the conceatration of poisonous sub-
stances within their bodies and then eaten by the eagles and other birds of

prey.

Transformation of wastes is perhaps best illustrated by the concentration
of sulphuroxides in the clouds, and the chemical process, which transforms
them finto sulphuric acid, picking up hydrogen from the air and the water. The
process is further complicated by the fact that the process takes place at a
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high elevation and that the clouds are transported by the winds to other
areas - the acid rain phenomenon already mentioned above, Similar transpor-
tation processes take place in waterways and lakes, One factory may spill out
quantities, which are well below the permitted minimum., But when a larger
number of factories have their outlets into the same waters - as for instance
the many paper- and pulp-mills around the Baltic Sea in Scandinavia - the
effects are often disastrous. Here the environmental problem is further
complicated by the large number of countries surrounding the Sea making its
solution depend on agreements between a wide range of authorities. Similarly
internationalized environmental problems exfist with regard to rivers - the
Rhine is one example - flowing through several countries and with envircn-
mental destruction due to wind-transported substances., That it can be a
question of large distances is illustrated by the 'red snow' phenomenon for
instance {n Switzerland; the dust particles which colour the snow have their
ovigin in northern Africa and the Saharan desert more than a thousand miles to
the south, Well known are also the ashes from volcanic eruptions, which have
been transported by high-level winds to areas on the other side of the globc,

Equally destructive in recent years has been the over-fertilization of
waterways and lakes. Agaln an indirect process. Natural and artificial
fertilizers fiand their ways into the waters - by direct outlets or through
drainage - scaweeds thrive and consume greater quantities of oxygen in their
growth resulting in the gradual death of fish and other aquatic animal life
depending on an adequate supply of oxygen.

Another type of environmental problem is {llustrated by the slag-heaps
and other mountains of non-recuperable materials found particularly in mining
areas and in metal-producing districts, Open-pit mines are left without
restoring the landscape wiicn the econonically veluable ores have been
exhausted, Limestone quarries appear as open wounds in mountainous regions.
Brick-making plants are surrounded with heaps of broken bricks, cement-ware
factories by bits and pleces of tubes and other pieces which did not come out
right from the manufacturing process. Such envivonmental damage =lso takes
place on a smaller scale for instance in construction work - waste materials,
including plastics and what-not avre simply ploughed under, when landscaping is
done on completion of the building phase.

Much such destruction is unnecessary., Waste disposal in factories and
farms can be kept under control; slag, residuals from tile and brick manu-
facturing and buflding/construction activities can be used for land-fills;
open—-pit mining areas restored by proper landscaping; the responsibility for
seelng to {t that this is done properly falls, to a large extent, on the tech-
nical personnel involved Iin the process. One of the major aims of environ-
mental education in technical and vocational education should be to make
students in initf{al and further cducation vealize their responsibility in
these fields and to direct thelr attention to the techniques which apply to
their particular fields of activity and their level of responsibility.

Recuperation and recycling

Much attention has been given in recent years to possibilities for
recycling of raw materials that can be extracted from wastes from households
and industrial operations., Great progress has been made in many countries -
pacrticularly the industrial ones - in recycling used paper, In resmelting of
shavings and chips from metal-working findustries, in collecting and reusing
bottles and other glass materials and aluminium from cans and other packaging.
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X~ray films have proved an ilmportant source for recycling of silver, and used
car and other batteries for the recycling of lead, mercury and other precious
metals,

Most of these activities for recuperation of materials which would other-
wise go to waste have their origin in environmental considerations. Waste
materials gpread Iin nature can he reduced through levying an environmental fee
on bottles and cans — repayment encourages the collection. But there are also
economic considerations involved. Recycling of paper 1Is often a less expensive
process than using new fibre, The energy required for resmelting aluminium is
considerably less than what is needed for producing aluminium out of bauxite.
Recuperation of silver from films has proved a highly profitable business
particularly in periods of high raw material prices, Moreover, particularly as
regards heavier items such as glass, economies can be wmade in reducing the
quantities of waste that must be transported and incinerated.

The distinction between recuperable and reusable, on the one hand, and
non-recuperable, non-reusable, on the other, has been sharpened with techno-
logical progress and as environmental considerations have been applied
increasingly to human and industrial wastes, More and more materials are today
recuperated and reused, separation processes have been further developed as
communities and industries have become aware of both the damage that indis-
criminate waste disposal can cause to the environment and of the savings that
can be made by more discriminate handling of wastes and by-products.

Filtering and other separation techniques, relating to gaseous emissions
as well as water-borne materials and substances dissolved in water should
constitute central elements in environmental education in technical and

vocational education,

For technical personnel the content should cover all the three basic
aspects of environmental protection and improvement; the what, the why and the
how. It should cover, with reference to the particular field Ln which the
individual student is likely to be engaged or is already working:

(1) the elements within his particular field of economic activity that
may have an impact on the outer environment, put people, flora and
fauna at risk if the process gets out of control or, more commonly,
if wastes are dispersed indiscriminately;

(2) know what can and should be done to eliminate the risk factors or to
keep them under control within permissible limits - and how this is
done;

(3) know how to estimate the risks and to calculate costs and benefits -
including long-term environmental cost - of eliminating them.

2, The inner environment

Environnental education relating to the inner environment - the work
place - differs in many respects from that relating to more global environ-
mental aspects. Common features are knowledge of polsonous elements used in
the work processes, accident risks relating for instance to the storage of
gases and inflammable materials, which, 1f the maintenance work is not prop-
erly done, or unsafe methods used, may be equally threatening to those at the
work place as to the world around, But the main concern of environmental
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tducation relating to the inner environment at the work place is the safety
and health of those employed. Main aspects are, for instance, such environ-
nental factors as ventilation and more generally clean air, the climatic
conditions (heat and cold), noise and vibration, the organization of the work
place - including for instance traffic rules - the risks involved in the
handling of the various types of equipment and materials ~ including health
risks - the proper use and storage of dangerous substances, and potential
exposure to radiation,

Despite the important progress made in the past few decades in both
fdentifying risk factors in different types of work and preventing accidents
and 111 health due to work place conditions, many work places still provide a
dangerous environment for those who are employed. Many managers and engineers
are unaware of the risks involved in the different types of work done under
thelr supervision or do not care sufficiently or do not know how to remove the
risks, Many technicians and skilled workers are not sufficiently informed - o1
again do not care sufficlently - for taking the precautions required to avoid
accidents to happen or occupational diseases to develop., Teachers and instruc-
tors in technical and vocational education do not always pay sufficient atten-
tion to either the broader aspects of the internal environment or to the pre-
cautions that the individual must take to protect himself against accidents
and 111 health In his work, New workers and other technical staff are intro-
duced to the work in farms and factories without a proper introduction to the
environmental risks involved - safety training might be limited to occasional
campaigns or to putting up a few posters in the shop, drawing attention to
particularly frequently occurring risks such as oll-spills on the floor or
careless materials handling in the transportation of parts in production.

The risks found in the inner environment can be ranged under five main
headings:

(1) Organizational risks. These relate in the first instance to the
organization of the work process and the order kept at the place of
work, They concern in particular the transportation of raw
materials, semi-finished and finished products through the workshop
(transport lanes marked and kept open), including overhead trans-
portation (falling objects, safe strapping, etc.), trucking and
other means of ground transport, They also concern the procedures
for the initial safety instruction of new employees, the distri~
bution of responsibility for maintenance and repair of equipment and
the storage of inflammable or otherwise dangerous materials used in
the work process, the supervision of the application of safety rules
and other simllar organizational aspects and instructional require-
ments, including emergency action in cases of accldents, fire or gas
leaks,

(2) Equipment-related risks, These are primarily concerned with the
safety and health of the individual. Actlon required includes the
nmeasures to be taken or maintained to avoid being cut, squeezed or
otherwise wounded by the tools and other equipment used in the work
process, precautions to be taken in working with vibrating tools,
the muffling of excessive noise, and risks for impairment due to
climatological factors such as extreme cold or heat. Of potentially
increasing importance - unless technological change will solve the
problem - is protection against radiation from the various types of
screen used in a widening range of operations in both offices and




- 13 -

factories, Related to the equipment used are also such traditional
health aspects as maintaining the right posture at the wovk place,
or using the best techniques in lifting heavy loads - potentially
less applicable today in view of increasing mechanization of all
such operations, but still the cause of i1l health and accidents at
many work places.

(3) Process-related risks, These include the safe handling of raw
materials, and intermediate and final products. Involved are risks
in handling cancerogeneous materials, substances which may cause
skin disease or damage to the eyes or, when inhaled to the lungs or
other inner organs of the body, Safety training and instruction may
also relate to for instance risks connected with the use of welding
equipment (gas emissions, eye damage, protection of self and others
against welding sparks - including fire risks involved in such
work), self-ignition and other fire risks, risks relating tc¢ evapor-
atior. of for instance solvents and inflammables, proper use of
explosive materials, including storage of gas tubes. The examples
could be multiplied but the above may suffice to exemplify the types
of risks that need to be covered In process-related environmental
education,

(4) Product-related risks. These include the precautions that should be
taken by the users of the product and relate in the first instance
to comnunications from the producer to the client. They involve the
proper formulation of instructlons for use and extramural services
rendered by the producer as part of sales or after-sales service,
They also involve the contacts between producer and institutions of
technical and vocational education, for instance the contacts
between the producers of artificifal fertllizers, pesticides, weed-
killers and other chemical substances, on the one hand and agri~-
cultural and horticultural educational institutions on the other.

Many of the risks referred to above are straightforward cause and effect
connections between an environmental factor and a particular type of accident
or illness, Some are well established - methods to hanuale them have been
worked out and embodfed in legislation or in recommendations by the national
authorities; a wide range of safety hazards and health risks are covered in
international conventions and recommendations -~ particularly those adopted by
the International Labour Conference or by expert meetings arranged by the
International Labour Office. Data on safety hazards and occupational health
risks are continuously recorded by the International Occupational Safety and
Health Information Centre (CIS) of the Internatfional Labour Office in Geneva
which publishes such data and runs a computer-assisted data bank service open
to national authorities and other interested parties, The data also include
information on measures to be taken to reduce or eliminate -such risk factors
in the working environment.

Technological development and, in particular, the intensive work done in
the chemical industry and related fields of technology to develop new sub-
stances or to make use of known chemical compounds in new products make it
necessary to make environmental education for technical personnel a lifelong
activity., Knowledge acquired some years ago is rapidly outdated as new tech-
nologles are introduced, new tools acquired, new substances added to the
traditional ones or replacing them. A well known example is the mechanization
and extended use of fertilizers, pesticides and weed-killers in agriculture, a
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change in practices and technology, which has led to a number of new problems
for those employed in the industry. Traffic accidents (tractors tipping over
for instance), excess fertilization of fields, skin damage from handling of
toxlic substances have multiplied and necessitated a response in the form of
more intensive education for farmers and farm workers on the proper handling
of the new technology and the new means for increased productivity. The trend
towards specialization in agriculture - often with potentially negative
effects on the environment - has added further material that must be covered
in the inittal and further environmental education of farmers and their
workers, This concerns both the inner and the outer environment as incompetent
handling of the new agricultural technology may have damaging effects both as
regards the individuals directly concerned in the work process and vis-3d-vis
the outer environment, -
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III, TECHNICAL AND VOCATIONAL EDUCATION SYSTEMS

To design programmes of environmental education for technical and
vocational education systems is8 a complex task. The main reason for this is
the complexity of such systems - the wide range of technological applications
covered by them and the many levels at which such education is provided, When
the design 18 to cover also adult further education on environmental issues a
further complication iIs the wide spread between functions catrried by technical
personnel at the various levels, To this should be added the many public and
private bodies - educational authorities, labour inspe:torates, technical
research and development institutions and operating enterprises - which all
have contributions to make in the selection of priorities in environmental
education for technical personnel and in the provision of such education in
schools and technical colleges and institutes of technology, in full-time and
part-time education or in speclalized programmes of adult education,

Internationally the situation is even more complicated by the fact that
different countries approach the organization and i{implementation of progrannes
of technical and vocational education differently.

Higher technical education - the training of graduate engineers -~ for the
more responsible levels of work in the various flelds of technical activity
has by now been institutionalized in most countries and generally forms part -
although in many cases a separate entity - of the university system of higher
education, Qualifications for entry are mostly through graduation from science
streams in the secondary school - previous practices particularly in Anglo-
Saxon countries of requiring an apprenticeship (ordinary or ‘'graduate') are,
on the whole abandoned. Studies are primarily theoretical with a complement of
laboratory type activities and some countries work in training workshops
attached to the institution. The extent to which direct practice in production
is included in the curriculum varies greatly between countries - the general
trend is towards a reduction through transfer of practical activities to
laboratories and institution-run workshops and replacing various kinds of
part-time or sandwich educational arrangements and programmes by full-time

studies,

The same trends are found at the fntermedifate levels of technical edu-
cation, although practices at this level differ more widely between countries.
It is also less homogeneous; some countries distinguish between ‘'higlier' and
'lower! level technicians with different arrangements for their inftial tech-
nical education, While secondary technical schools and colleges for further
education have, on the whole, and in a wide range of countries, taken over
technical education at this level, the treand in several countries is either to
move intermediate technical education to post-secondary educational insti-
tutions or to create a higher level of intermediate technical education,
either as a prolongation of the technical streams in secondary education or by .
ingerting a new form of technical education between that of secondary tech-
nical education and higher technical education at university level,

Programmes of intermediate technical education as a rule give more room
for practical technical work experjence than those at the higher level. Sonme
systems require completed apprenticeship or vocational education for entry
into intermediate technical educatlon. In some countries the approach differs
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between lines of technical education as to the amount of practical work
experience in i{ndustry or elsewhere required of the students. In developing
countries more emphasis is usually placed on training in institution-annexed
workshops - often for the simple reason that industry does not have the
capacity to accommodate large numbers of technician trainees for practical
experience on-the—~job, Cost considerations and also concern that production
conditions should as far as possible be similated {n the educational process
have led to a search in such institutions for productive work to be done in
the training institutions.

Trends in lower technical and vocational education - in which specialized
and skilled workers receive their initial training - are even more diverse and
in some respects more complex. Traditional forms of skilled worker training
through apprenticeship are still prevalent in some countries and at some
levels of economic activity. It is the essential tralning system in such
industrial countries as Austria, the Federal Republic of Germany and
Switzerland; it constftutes an important complement to the vocational edu-
cation system in France, It involves a sharing of responsibility for the edu-
cational process between schools of further education, providing part-time -
on day release or block release basis - general and technical education, and
industrial or artisanal enterprises, but also banks, insurance companies and
other undertakings with primarily clerical or administrative functions, which
provide the essentfal practical instruction and work experience - a 'dual’
system of vocational education. Responsibility is also shared as regards exam-
inations, although public authorities are also involved in the evaluation and
quality control,

Apprenticeship has for a long period of time been on the decline in both
fndustrial and developing countries, The apprenticeship approach to vocational
education has, however, attracted new interest in recent years for a number of
reasons, One has been that the employment records of those who received their
fnittal training in a dual system have proved more favourable than the cmploy-
nent experience of those trained in full-time courses within the educational
system. Moreover, accelerating technical change and the high cost of training
off-the-job have forced the vocational school to seek closer collaboration
with industry in training new generations of specialized and skilled workers,

Trends in the apprenticeship systems are generally towards devoting more
time to classroom Instructfon than in the past. In a number of countries
init{ation into a particular field of work has also been transferred from the
enterprises to schools, leaving less time to on-the-job instruction and work
experience; at the same time training perfods are being reduced, particularly
in countries where the initial training lasted for four to five years - an
accommodation also to the geuneral trend towards a higher age of intake
necessitated by prolongation of compulsory schooling.

Apprenticeship also still plays a major role in the training of skilled
workers in the {nformal parts of the economies of developing countries, Such
apprenticeship is, however, seldom officially recognized; it is rum on an
entirely informal, traditional basis and is not supplemented by further
general and technical education along the lines of an established dual systenm,
This continues to be the case despite the fact that a wide range of developing
countries have adopted vocational training and apprenticeship legislation in
recent years with the alm of raising the quality level and expanding training
through apprenticeship, a legislation, which, as amfght be regretted, has
primarily aimed at stimulating training through apprentficeship in larger scale
enterprises in the modern sector,
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The trend towards a revival of traditional - but improved - apprentice-
ship practices and systems is paralleled by more 'outgoing' attitudes in the
systems of vocational education, which form part of the system of gecondary
education or have been established as separate systems outside the €ield of
responsibility of the educational authorities, It is increasingly realized
that schools and training centres can only partly simulate the types of work
done in industry or other flelds of economic activity, that direct work
experience in a productive setting needs to be added to the skills developed
of f~the-job. A wide range of countries - such as the socialist countries of
Eastern Europe — have arranged for special relationships to be established
between factories and collective farms on the one hand and the technical and
vocational schools, from which they are likely to recruit new generations of
skilled workers, on the other, Students in vocational education spend varying
periods on-the-job in the factory or collective farm, which also supply part-
time instructors to the schools, Similarly, students in technical educatfon
carry out their examination research and studies within the factory or farm.
Closer ties with the local and regional economies and enterprises is a common
trend also in many other countries, both industrial and developing,

These trends both facilitate and couplicatc the task of introducing or
extending environmental education in technilcal and vocational education,
Increasing {nstitutionalization of the educational process makes {t easier to
develop environmental elements in the various subjects taught in related
general and technical education, Standardization of programmes and exaunin-
ations makes it possible to provide for environmental elements to be taken
properly into account in the teaching process, But the wider distribution of
responsibility for, in particular practical training, necessftates contact
between those concerned with the development of environmental education and a
wider range of persons directly finvolved in parts of the educational process,
While in countries where technical and vocational education has been highly
institutionalized there usually was one single authority - a technical edu-
cation department of the Ministry of Education, for instance -~ responsible for
programming the whole system, and the teachers in vocational education consti-
tuted the only - or at least major - channel through which innovations in
programmes could be obtained, increased use of enterprises for practical
training now necessitates alerting also the instructor and supervisory staff
in the enterprises to ensure full impact,

A complicating factor in the design of environmental education in tech-
nical and vocational education is the degree of specfalization and the great
differences in subject-matter taught in the various streams of technical and
vocational educatfon. Higher technical education is normally relatively
broadly conceived - its graduates prepare for employment {n broadly defined
occupational areas, such as mechanical or electrical engineering, chemical
engineering or architecture, The contents of environmental education pro-
grammes they require could be designed along more or less the same lines for
most specializations ~ with speclal emphasis on the directly subject-related
environmental problems in individual technfical subjects.

Specialization gets more pronounced and needs to be taken more into
account at intermedifate and lower technical and vocational education. While
the practlces differ between countries, technicians are divided between a
wider range of streams than students in higher technical education; at the
level of lower technical and vocational education the number of speciallz-
ations is often extremely high. In several industrial countries the number of
'apprenticeable occupations' 1is somewhere between 350 and 700 and some systems
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of vocational educacion cater for as many as 100 different skilled occu-
pations, not counting complementary apprenticeship training arrangements,
Although a majority among the students in such systems are found in 20-odd
occupational classifications for the boys and some ten classifications for the
girls, attention also needs to be given to the remaining smaller clagsifi-
cations, especially when these are particularly environment-related as some of
them are, Again, while part of the environmental education needs are similar
in broad groups of occupations, each specialization may have characteristics,
which necessitate some variation in the approach to the environmental edu-
cation to be included {n the courses,

If the systems of technical and vocational education at the entry level -
that of initial technical and vocational education - are complex, even the
word 'system' can be said to be inadequate for describing the situation of
adult technical and vocational education for adults., Moreover, at this level
differences between countries are even more marked than at the level of
Initial technical and vocational education. The distribution of responsibility
is also generally wider; in particular the enterprises play a much more domi-
nating role in adult technical and vocational education, courses are less
formal, of shorter duration and institutional arrangements more varied.
Technical universities, colleges and schools play a lesser role in most
countries — in some adult technical and vocationmal education is even con-
gsidered as outside their scope of activities,

Three types of institution should be mentioned in this context as they
are likely to offer special opportunities in a search for channels through
which environmental education for adult technical personnel may be diffused.

The first may be the adult training and retraining systems normally oper-
ating under the general responsibility of the labour market authorities - in
some countricecs jolntly by the labour and educational authorities, Originally
destigned mostly for accelerated training at semi-gkilled and specialized
worker levels to improve the employability of workers without skills or with
obsolete skills, with the specific aim of meeting labour shortages in particu-
lar veglons or industries, the systems have, in many countries gradually
wildened their scope to include longer term technical and vocational education
and training and also extended the age range of thelr tavget populations to
fnclude also young persons only little above the compulsory school-leaving
age, There 18, in some countries, some considerable overlap between the
activities of the system of technical and vocational education at the
secondary-school age level., In other words, some of the types of environmental
education, which {s relevant to students {n secondary level technical and
vocational education 18 likely to be desirable also in courses provided
through the adult training systen.

Accelerating technological development and economic change are among the
reasons why the adult training and retraining systems have been rapidly
expanding in many countries im recent years., In the developing countries
additional reasuns have been the setting up of new industries, requiring new
skills which the formal system of technical and vocational education did not
have the requivred capacity or competence, In both industrial and developing
countries often large numbers of workers have required retraining and updating
of thelr skills and technical knowledge as processes have changed, materials
used or products been modified to Iinclude new technologies. All this has
served to broaden the scope of adult training systens.
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New techniques, new materials, new products often means new or different
environmental aspects to be taken into account, new or redesigned environ-
mental education to be needed.

A second important channel for environmental adult education relating to
technical personnel is constituted by the various extension services, which
also have been rapidly expanding in recent years., Traditiownally organized as
'extramural' activities of the staff of agricultural or technical colleges and
universities, many extension services now constitute separate organizations.
This is for ifnstance the case of agricultural extension services in many
countries and of the small industry development services, designed to improve,
expand and develop artisan trade and small manufacturing business,

From an environmental point of view the agricultural extension services
may be the most important agents, Their work is essentially complementary to
that of the agricultural schools in countries where the latter are mainly con-
- cerned with initial training of farm workers and farmers. As young school
graduates are less likely to be successful in applying environmental education
lessons that they have learnt at school {f the elder farmers are not similarly
conditioned to take environmental 1issues Into account in their work, close
co~-operation and co-ordination - in the direction of parallelism - is not only
desirable but essential for achieving full effect of environmental education.

The same applies to a large extent also to small industry development
efforts, Small industry and artisan services, particularly in developing
countries but also in many ficlds of artisan manufacturing and services in the
{ndustrial ones, are a highly traditional culture; change and improvement in
methods and conditions of work depends on both younger and older elements {in
the trade or occupation concerned.

The third major target group - or channel - in environmental education
for adults - {8 made up by public and private enterprise. Often less struc-
tured than the two above-mentioned systems (adn:lt employment-oriented further
training and retraining and extension services for agriculture and small
industry) it is increasfngly important as particularly the larger enterprises
in most countries are the centres of economic and technological change and
often also serve as pioneers in the use of new work methods and forms of work
organization, in improving working conditions and in exploring ways of reduc-
ing accident rates and reducing or eliminating occupativnal health risks,
Inversely, due to their size and dominating place {n the various fields of
activity the damage they may cause to the environment and the hazards and
risks to which their employees may be exposed in the inner environment of
their establishments are multiples of those emerging from or applying to the
niddle size and smaller firms.

Educational activities of industrial and commer:ial enterprises have
expanded rapidly in recent years., They have also become more formalized and
subjected to more direct planning and management within the framework of
co-ordinated personnel policies, The function of 'training and development'
officer has been separated from other management functions in all larger
undertakings and in many mniddle--size enterprises as well, making it easler to
reach the enterprises with an environmental education message., Training and
development or educational officers in industry and commerce in many countries
have formed associations for the exchange of experience and joint discussion
of educational {issues within undertakings, a fact which further facilitates
the contact between educational and environmental authorities on the one hand
and the undertakings on the other.
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Closely related to the development in undertakings are the technical edu-
cation and training activities of industrial and other economic organizations
such as Chambers of Industry, Federatlons of Agricultural Co-operatives and
other bodies of which public and private enterprises are members with a view
to promoting operational efficiency and economic development within their
respective fields of activity. Such bodies are, on an increasing scale, par-
ticipating at national levels in the design and development of educational
programmes relating to their fields and are also assisting their members, in
various ways, including cosultancy and direct educational action, in various
aspects of personnel development. Many such bodies employ their own edu-
cational officers, some have their own conference centres and educational
establishments -~ for instance for the training of management staff and super-
visors, through which environmental education may be channelled as a comp-
lement to what is done within the formal system of technical and vocational
education,

More elusive and less easy to reach are the comprehensive educational
activities sponsored or run by such bodies as research institutlions, consult-
ant firms - some of which are specialized In further technical and vocational
education in technical or non~technical functions, Important contact points
may, in this context, be the employers' associations and Chambers of Industry
and Commerce or of artisan trades and small industry where such exist - in
some countries also Chambers of Agriculture., Further contacts of value in this
context are the various types of management or productivity institutes and
training research institutions, All the foregoing institutions and bodies
normally try and keep track of the varfous adult technical and vocational edu-
cation activities with a view to advising their bodies on the quality and use-
fulness of thelr services,
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IV, PLANNING ENVIRONMENTAL EDUCATION FOR TECHNICAL
AND VOCATIONAL EDUCATION

There are a set of conclusions to draw from the considerations set out in
the two preceding chapters. These might be summarized as follows:

(1)

(2)

(3)

(4)

(5)

There is a body of general environmental education that should be
covered already in the educational process preceding technical and
vocational education, At the level of technical and vocational edu-
cation and training the principal aims should be - with regard to
these aspects - to reinforce the environmental education already
provided. If this has not been done, or not been done properly, more
time and effort will have to be devoted to environmental education
in courses of initial technical and vocational education in view of
the key role many technical staff are likely to play in the future
in the protection and improvement of the environment.

At the level of technical and vocational education the principal
subjects in environmental education are directly related to the
occupational area in which the students are likely to be employed
after graduation. It should cover both the outer environment - the
relationships between the type of agricultural, industrial or other
activity concerned and the world around - and the inner environment,
t.e, the conditions in which the work is carried out, the major
environmental vrisks occurring in that envivonment and the ways and
means of protecting those involved against accidents and occu-
pational unhealth.

There {8 a distinction to make between the contents and form of
environnental education at the various levels of technical aand
vocational education, Engineers, techniclans (which may be at dif-
ferent levels) and skilled workers are differently concerned with
the environment and have different possibilities for influencing {it.

Environmental education should be a lifelong process for technical
personnel, New elements - such as new findings conceraning the
relationships between the use of particular materials (the asbestos
case), substances or methods and specific environmental risks (with
regard to efither the inner or the outer environment or both) -
should be diffused through both initfal and further environmental
education in programmes of technical and vocational education.

Environmental education for students in technical and vocational
education and for persnns already employed in technical activities
at eagineer, technician or skilled-worker levels should, because of
the complex nature of technical and vocational education involving
both theoretical .ind practical instruction and the importance of the
work situation ana working environment in this context, be provided
through a multttude of channels, These should include, in addition
to the formal programmes of initial technical and vocational edu-
cation within the educational and vocational training systeas (full
time or part time), the programmes of practical training and work
experience within enterprises, the programmes for adult further
train- ing and retraining, extension service activities for instance
for agricultural and smaller service and manufacturing enterprises,
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1, General - initial - environmental education

Students in initial technical and vocational education come with differ-
ent educational backgrounds to the first year programmes, At the higher levels
of technical education they have normally - exception being mainly those who
have qualified through vocational or technical streams in the secondary
schools iIn countries, where such transfer possibilities exist - completced
secondary education in a science stream, It can therefore, at this level, be
assumed that students in higher technical education are already familiar with
such concepts as the ecosystems, energy flews in the various components of the
earth ecosystem, materials flows in the biochemical cycles, population
dynamics and major effects of human interventions in the natural processes,
Assuming that the scilence teachers have covered environmental aspects largely
along the lines suggested under the Unesco-UNEP programme, entrants into
higher technical education would thus have acquired an awareness of the major
environmental problems, have studied in broad outline their physical, economic
and social causes and consequences, their geograpliical scale and their
respective time scales. They will have acquired some basic knowledge of the
soclal factors involved and some broad understanding of the measures that need
to be taken for solving themn.

In view of the great importance of environmental issues to the future
graduate engineers in industry and other fields of economic activity and the
time which needs to be spent on such issues during the period of study, insti-
tutions for higher technical education should test the attitudes, knowledge
and understanding of them among the applicants or, at the latest, during the
first year of study. To ensure appropriate teaching of environmental issues
they should also communicate the results of thelr tests to the authorities
responsible for secondary education with a view to such improvements as may
prove desirable or necessdry to ensure that environmental studies at the level
of higher education can build on a firm foundation of knowledge of facts about
ecosystems and the environmental risks existing in modern society and about
the measures that have been or need to be taken at macro-economic levels -
including international action - to cope with then.

Lower levels of technical and vocational education cannot, in the same
way, count on initial work having been done by the schools, The students in
the institutions concerned - the teclinical and vocational schools and colleges
are generally younger, have studied less science, have probably been less
exposed to environmental messages in the mass medfa. Moreover, particularly
the students in the vocational schools are likely to retain less of what they
learnt at school as they often constitute a negative intellectual selection,
On the other hand skilled workers and technicfans in industry and other fields
of economfc activity ~ exception made in particular for those employed in
agriculture - are less likely to have a decisive influence on general environ-
mental aspects at thelr respective work places. Still, what has not been done
in the schools before entry into intermediate or lower technical or vocational
training with regard to general environmental education must be integrated
into the rurcicula of technical and vocational studies.

It is therefore important that also the Institutions fov intermediate and
lower technical educatfon test the levels of awareness of ard sensitivity to
environmental issues of their applicants or first-year students, thelr knowl-
edge of environmental problems - {n particular those relating directly to the
broad field of work for which they are preparing - and their understanding of
the interrelatfonships between the different environmentel factovrs, Such
avwareness and sensitivity as they may have acquired through earlier studies
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and exposure to mass media and other influences should be assessed and
reinforced during the training period. This reinforcement should include the
further development of skills for identifying, anticipating and solving more
general environmental problems and aim at their direct participation in
working towards the resolution of environmental problems in the society in
which they live - an essential objective in general environmental education,

2. Occupation-oriented — initial - envircnmental education

There is a fundamental difference in the objectives of general environ-
mental education and the type of environmental studies that must be covered in
the curricula in technical and vocational education, In the former - in gen-
eral environmental education - the priuary aim is to make 'indiriduals and
communities understand the complex nature of the natural and the built
environments resulting from the interaction of their biological, physical,
social, economic and cultural aspects, and acquire the knowledge, values,
attitudes, and practical skills to participate in a responsible and effective
way in anticipating and solving environmental problems, and the management of
the quality of the environment. In techunical and vocational education the
primary aim is to provide the awareness, knowledge and skills required for
individual and collective work in solving the acute environmental problenms
which exist in a particular field of economic activity or result from work in
a particular occupation and to prevent new problems to arise in the outer or
inner environment as a result of technological or economic change in such
activities, It should further aim at improving the environmental situation at
the work place as well as in the interactfon between the activity concerned
and the community environment. This nay, in many instances mean a fundamental
change in both objectives and contents compared to older laissez~aller atti-
tudes both in the industry and in the technical and vocational education
serving it.

The automobile industry may be taken as an example. It has long worked
on the erroneous assumption that the emissfons from an iancreasing number of
vehicles - sulphur and carbon oxides, lead and other 'dirty' components of the
exhaust gases - could easily be absorbed in the natural environment, Training
of motor engineers, manufacturing and maintenance technicians and garage mech-
anics has generally ignored the environmental damage caused by such emissions,
External pressures have, however, in recent years totally changed the emphasis
in this particular field: the first was the oil price shock in the early
1970s, the second the realization - at about the same time - that irreparable
damage on forests and fields — and to huuan belngs in agglomerated arcas
(e.g. the smog problem) - was belng caused by the exhausts. The result nas
been that engineers and techniclans have placed much more emphasis than in the
past on developing fuel-saving engines, catalysators and other technologles
designed to reduce environmentally harmful gas emissions, Similar developuents
have taken place in airplane engine design and production with new priority
being given to cleaner exhausts, less nolse and better €uel economy.

External priusures have had a similar impact in a wide range of other
industries and have already wade thelr marks on both process design and pro-
ductton methods. A sometimes wild-grown legislation has been enacted providing
maxioum emission limits and targets for the 'smokestack' industries, such as
iron and steel mills, pulp and paper factories, slaughterhouses, textile mills
and other notoriously 'dirtying' branches of industry. Sharper controls have
been introduced for emissions From domestic and industrfal fuel-burning
heat-producing installations, and for industries using large quantities of
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water in thelir processes, to avold contaminatiou of rivers and lakes or the
groundwater, Particularly sharp controls have -~ after a series of grave
accldents - been adopted for the chemical industries handling poisonous
elements; those concerned in the authorities concerned or in the industries
themselves will hardly forget the much publicized and erratic wanderings of
the dioxine-polluted earth, emanating from the Seveso accident in Italy -~ now
finally neutralized through burning in the inecinerators of the Basel chemical
industry.

One of the principal tasks of technical and vocational education is to
carry out a simllar change in emphasis in the curricula and programmes of
technical and vocational education - to find a place in the lesson plans for
theoretical studies as well as practical instruction and work for the environ-
mental aspects of the various courses of study and training. In this the edu-
cational institutions should, as far as possible, take an initiating role
vather than, as is now often the case, follow behind developments in the
industry concerned,

While the technology to be covered will differ depending upon the level
of studies and the field of activity concerned a few basic objectives may be
set out for such a change in the aims of technical and vocational education:

(1) to create awareness of and provide the required technological/
economic knowledge and skills for dealing with the environmental
problems relating to the principal products of the field of activity
concernedj the possible elimination of such problems and the prin-
cipal technical solutions to them;

(2) to create an awareness of and provide the required technological/
economic knowledge and skills for identifying and dealing with the
environmental problems arising out of the production processes which
are current in the field of activity concerned, including:

(a) recycling or direct use of process by-products;

(b) waste disposal techniques, Iincluding separation technology
applying to polluting elements in air, water and solid
materials, storage and destruction of polluting and toxic
agents and elements or, as the case may be, their trans-
formation into non-toxic waste;

(c¢) as appropriate, restoration techniques when the production
process finvolves direct damage to landscape or other elements
in the environment; this should include familiarization with
standards applying to the industry concerned contained in
legislation or recommendations by the competent authorities or
other bodies;

(3) to create an awareness of and provide the required technological
knowledge and skills - including safety-minded attitudes - for
identifying and dealing with problems relatfing to safety and health
of those invnlved in the work process, including possibilities for
eliminating such environmental risks, or, as the case may be, pro-
tecting the individual or group concerned, also including the main-
tenance of such measures and the supervision of safe working methods.
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Two comments should be added., Emphasis has ~ along the lines of tradition
in industrial safety and health activities - been placed on eliminating the
hazard or risk concerned. This should be the primary objective; not just to
reach the maximum emission standards, or those designed by legislation or
otherwise as 'recommended'. Whenever elimination of a risk is possible this
should also be the objective, In safety work the next best is to 'build in'
the risk ~ to put it out of reach of the workers. The same applies, mutatis
mutandis, to eavironmental risks - e.g. safe storage. Only when this has
proved impossible are such measures as equipping the workers with protective
clothing or other protective gear considered desirable, It is in this general
spirit and with this general objective that environmental education should be
provided in technical and vocational education,

Total elimination of many environmental risks may — at least at the
present state of technology - seem impossible; the automobile may again be
used as an example. After the traditional ‘'gas-guzzlers' have come the fuel-
saving engines: the road is now technically paved for a transition from leaded
to non-lead petrol; the next step will be — in the late 1980s in some
countries already - to reduce drastically the emission of carbon oxide and
other polluting elements by catalysators and other means of treducing toxic
emissions. Fifteen years ago there was little awareness of the problem as
such - there was even resistance, still remaining in some quarters - in a few
years time both total consumption of fuel and the quantity of toxic emissions
per unit of mileage will have been reduced to a fraction of what they were
then, This has been achieved despite protests that the industry would not be
able to develop the technologies required within the time-limits once set,
that it would be economically disastrous for car owners and transport
companies and that, after all, there were many other polluting agents who were
more guilty than the vehicles on the road.

The second comment relates to the economic aspects of environmental
control, Generally, economic studies in technical and vocational education
relate primarily to the micro-economic (business eccononics) aspects of pro-
duction processes and products. This is by far too narrow a frame of reference
in the study of environmental problems, They must be scen in a iicro-economic
perspective and also take account of a number of non-economic aspects, They
nmust take account aot only of the direct damage to the environment that a -
particular production process may cause in the immediate vicinity of the plant
but also the cumulative effects in the blological systems, the international
nature of many environmental problems and the impact on the structure of the
industry that protective measures may have,

To the individual factory or production line, cleaning up exhausts and
waste disposal may cost a few million dollars - a large sum of money in the
microscopic lens of a company with a turnover of a few hundred million, In the
macro-economic perspective {t may be a pittance compared to the damage caused
on the forests nearby and far away - ultimately perhaps resulting in soil
erosion, landslides and avalanches, climatic change and other canvironunental
danage, But competition between producers may be such that cleaning up becones
economically feasible only wlien an agreement has been reached between a group
of factories - as has been the case, for instance, in the pulp and paper
industries along the shores of the Baltic Sea. The najor environmental prob-
lems of our time are often international {n character and they are macro- and
socio-economic in their effects on human 1ife and, {n addition, involve daa-
age, which cannot be expressed in economic terms - such as illuness or death,
destruction of wildlife and endangering the very basis for agricultural pro-
duction, Similarly incalculable in economic terms 18 the aesthetic damage
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caused for instance by rivers dried up to proauce electricity or the wounds
left in nature when the ore has been exhausted in open-pit mining.

The same combination of macro-economic and non-economic factors must be
taken into account in determining measures for improving work-place conditions
and protecting workers against accident hazards and risks for occupational

unhealth,

These are elements which should be included in environmental education in
technical and vocational education to make students aware of the responsi-
bilities carried by technical personnel in their work.

3. Adult - further - environmental education

There are a number of reasons why discussion and planning of environ-
mental education in technical and vocational education should cover both the
initial phase and adult, further education, involving upgrading, updating and,
in some cases retraining. A few of them should be mentioned in this context as
they have a bearing both on the selection of target populaticns and the con-
tents of such education,

First, fast-moving technology makes continuing - 1lifelong and specifi-
cally targeted - technical and vocational education particularly important in
the various fields of sclence and technology. While civic groups may receive
sufficient continuing education through mass media and the activitles of
various social and political pressure groups and community organs, technical
staff must have continuing technical and vocational education relating to the
specific Impact of change in their particular field of work. It may be noted
in this context that wany agricultural and industrial undertakings are today
employing means of production that did not exist only a few decades ago, and
vhich involve environmental risks, which are different from those they learnt
to master when they received their inftfal training. Moreover recent research
on, for instance, occupational health and more wide-ranging environmental
problens has contributed to new views on what nust be done or avoided - a
recent example, completely upsetting a whole industry, 1s the set of occu-
pational health risks connected with the use of asbestos, Hany similar
examples can be given from other industries.

Secondly, there must be a certain correlation between what older gener-
ations of technical personnel know and what those in initial technical and
vocational education are learning. If this i{s not achieved current conflicts
between older and younger generations at the work place will be further

aggravated.

Thirdly, older generations of technical personnel have acquired thelir
competence in courses, in which environmental aspects were largely neglected.
Hhat they need {s not merely an updating, but in many cases what in fact
amounts to a retraining aiming at changes in attitudes as well as in the
emphasis to be given to different aspects in their work.

The prime target groups in further environmental education for adults
are, in the first instance, those who are responsible for products and pro-
cesses and for the maintenance of appropriate procedures at work: the managers
at the various levels, including supervisors in production; specfalists in
research and development} maintenance personnel - including those responsible
for repalir and maintenance after sale, e,g. garage workers, engine tuning,
repair and maintenance of petrol supply systems and catalysators are examples
of recent technological change requiring further training of those concerned
and which has i{mportant environmental consequences.
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Self-evident targets - and channels -~ for further eavironmental education
are the training and personnel development officers and the safety englneers
and safety representatives of workers' unions.

In industries with dangerous substances used in production the target
groups are normally even wider} they include for instance tank storage per-
sonnel, transport workers and others, who may handle such substances in their
work and who, if their job is not done properly, may cause irreparable
environmental damage.

More specialized groups still are the various groups of inspectors and
technical service personnel; environmental protection efforts have, for
instance, given new functions and responsibilities to chimney-sweeps.

Contents In further environmental education for technical personnel dif-
fer widely between the various branches of economic activity. So does the
extent of the education required by those employed in the various fields. The
objectives are the same as those given for initial environmental education in
technical and vocational education: to develop awareness of and knowledge and
skill in handling the various environmental problems which occur in the par-
ticular field of economic activity concerned as regards the products, the
production process and the work process.

It must, however, in many cases be broader than the environmental edu-
cation provided for adults. Technical and vocational education has, in the
past, generally paid scant attention to environmental issues, except those
relating to the safety precautlons to be taken by workers on the job. Even
this aspect 1s sometimes neglected, particularly in the predominantly theor-
etical studies in higher technical education in many countries. As a conse-
quence, environmental education for adults may often need to have the dual
objective of sensitizing the trainees and making them awvare of the general
environnental issues, and with the specific problems velating to the industry
or other type of economic activity in which they are engaged.

The fact that many of those who do technical work in industry and other
fields of economic activity already are familiar with safety work and with the
health risks, which may occur in the ianer environments within their particu-
lar field of work is, on the other hand, an advantage. Environmental education
for such personnel can, in many respects, be designed as an enlargement and
extension of what they already know about the riskc which they encounter in
daily life. They are also sensitized to the interrelationships between differ-
ent work places and the precautions that workers must take not only to protect
themselves but also to avoid damage to other people.

The degree of awareness of safety measures and health risks at work vary
greatly between countries and between industries. It may be saild as a
generalization ~ with, fortunately, many positive exceptions - that smaller
enterprises pay less attentfon to the safety and health of their employees
than the larger ones, The latter, in both developing and industrial countries
normally have a specialized organization for protecting their workers, often
specialized safety engineers, backed up by joint safety committees and safety
repriosentatives of the union, These normally undertake both preventive and
educational work within the organizations. They are also in closer contact
with both the labour inspectorates and with other €frms, and with specialists
in occupational health., The larger firms often also employ medical staff with
preventive occupational medicine as one of their special tasks.
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In the smaller enterprises, on the other hand, and particularly in the
workshops in the non-formal sector in developing countries, conditions are as
a rule less favourable, Protective devices are often lacking on the machines;
workers, often also the owner/manager, are ignorant of the health risks con-
nected with the use of various toxic substances; there is normally little
contact with the labour inspectorate, and no contact at all with medical per-
sonnel, who could help directing attention to the problems which might
develop, Neglect, often due to ignorance of the environmental effects, of
elementary environmental protective measures, such as proper waste disposal is
common: waste oll is allowed to run out into sewers, toxic solvents are held
in open vessels often combining fire risks with those of intoxication of the
workers councerned. In other words, such enterprises are often a risk factor to
both the outer and the inner environment.

As already mentioned the situation is further complicated by the fact
that there are no established educatfional channels for reaching those respon-
sible in the smaller enterprises in many countries. Apprentices do not receive
related instruction in any educational system; there are no courses for master
craftsmen and entrepreneurs on environmental issues as the objectives of small
industry consultancy agencies are mainly commercial and technical. In indus-
trial countries the enterprises are normally members of trade associations,
chambers of small industry or other similar organizations; in the developing
countries they are not ranged into any kind of formal structure through which
they can be reached.

The situation is, in most countries, less unfavourable in agriculture.
Farmers co-operatives, government extension services and the sales organiz-
ations of manufacturers of machinery and tools and of chemicals used in
agriculture constitute channels through which environmental education can be
brought out to even rather remote villages in most countries.

4, Subjects in environmental education

Planning environmental education for future and existing technical per-
sonnel is thus a complex task., Complex because of the many levels at which
such education must aim; complex, because of the great variety of technical
functions of such personnel} complex because of the many channels that must be
used for reaching the different groups concerned - and the lack, in many
cases, of adequate channels for reaching them. But iamportant, because of the
key role that technical personnel plays both in the prevention of eaviron-
mental degradation and in repairing such damage as may already have been made.

Infitial technical and vocational education

Planning environmental education in fully institutionalized - particu-
larly €ull time - technical and vocational education is a relatively straight-
forward task, Here the principal choices in planning relate to the extent to
which environmental educatfon should fora a subject of its own and the extent
to which it may be incorporated into the various technical subjects, or, as
the case may be, the teaching of general science. A further set of choices
relate to the place and form of environmental education in theoretical and
practical instructl:n respectively, and through special studies or training
on~the-job.
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In higher technical education, whatever the specfalization, a general
course on environmental issues with particular reference to polluting wastes
and emisslions and with an emphasis on the technology used in filtering,
desulphurizing, neutralizing and destructive and storage operations should be
the first objective in planning, The course should aim at conveying a sense of
responsibility of technical staff at all levels for the maintenance and
improvement of the outer environment and provide theoretical/technical knowl-
edge of both the polluting effects on the environment of careless waste dis-
posal and the means existing for preventing them. It should be complemented by
practical applications in the laboratory and the workshop. While examples used
in both theoretical and practical instruction should relate directly to situ-
ations in the occupational area concerned, the basic message should be the
same:!: environmental damage can and must be stopped - stopping it is largely a
matter of appropriate technologies teing used by responsible technical staff.

The course should also cover main aspects relating to the inner environ-
ment, It should convey knowledge of basic ergonomic and industrial engineering
and safety principles and practices, elements of industrial hygiene and basic
knowledge of both common health risks and preventive measures, As in the case
of environmental education relating tc the world outside, the course should
include practical experiments in laboratory and workshops in the application
of the theory learnt in the lecture rooms. Special emphasis should be given to
the various respiratory, allergic and other affections which develop slowly,
including the effects of cancerogeneous substances, affections relating to
eyes and hearing (noise levels), and to the precautions that must be taken to
prevent them to develop.

An importaant additional objective in a special environmental course for
students in higher education should be to famillarize the students with the
activities and norms of the various public authorities and private bodies
concerned with general environmental i{ssues, industrial safety and health,
fire prevention - with special reference to industrial fire risks, use and
storage of inflammable and explosive materials, self-ignition processes,
etc, - waste disposal, and economic use of energy and of raw materials in
limited supply, including recoverage and recycling.

While emphasis should be on environmental issues and on the technology of
environmental protection - and include reinforcement of the general environ-
mental education provided in secondary education — the course should also
stress both the sncio-economic and the micro-economic aspects of environmental
protection and the cconomic use of raw materials {n limited supply.

Environmental protection and luwprovement offers a wide range of excellent
subjects for graduation projects: teams of students or fndividuals can benefit
greatly from carrying out special studies of environmental protection problens
in particular industries or plants; there are many, yet unsolved or only
partly solved problems of waste disposal, alr~ and water-born toxic and
polluting emissions, which constitute potentfally fruitful challenges for
postgraduate thesis work. Fruitful because a technological advance in these
areas can be both financially rewarding and an introduction to ‘a successful
technical career.

At the level of intermediate technical education the objectives in
environmental education should be about the same as those suggested above for
the future graduate engineers. Any difference in approach might relate to
enphasis rather than substance. Technicians, as a rule, will be more directiy
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concerned with the application of known technologies for environmental protec-
tion and improvement than with the development of new or Improved technol-
ogies. Moreover, the tuition provided should emphasize the practical appli-
cations rather than the theory, which implies that lecture-room time should
yleld somewhat to workshop and laboratory activities. Familiarization with
norms for maximun emissions should be more directly concerned with how to
reduce current emissions than with questions on how the polluting elements are
constituted and what theoretical and practical problems must be solved to
eliminate or reduce them, .

Finally, environmental education at the intermediate levels of technical
education will nced to be more specialized ~ cover a narrower share of tech-
nological applications - than that required in higher technical education. As
pointed out in a previous chapter technician training normally relates to a
narrower fleld of technical work - courses are, as a rule, shorter than in the
techalcal unfversities and other institutions of higher technical education,
which also means it is more difficult to make room in the curricula for the
type of comprehensive course on environmental issues outlined above.

In designing environmental education for technicifan-level courses atten-
tion should also be given to the type of work normally done by the graduates
in the early years of employment, This varies greatly between countries and
between industries., In the chemical industry, for instance, techniclans are
often put in charge of smaller production units, while in the mechanical
industry the early years in employment are often spent on specialized work in
planning, work study and other similar tasks, or as assistants to operating
managers., Specialized chemical technicians often spend some years in the
research and productton control laboratories. Technicians in industries
applying established and traditional technologies - as is often the case in
developing couantries ~ will gain a different type of experience compared to
those, who spend theilr first years in a dynamic, technological front-line
atmosphere. The type of experience they will gain and the relevance it will
have to environmental issues will vary along with these parameters,

A distinction must also be made between technician training which is
parallel to senfor secondary education, on the one hand, and post-secondary
techaician training, on the other. The former normally have less environmental
education before entry as they have left general education about the age of
16; the latter have mostly graduated from science streams or their equivalents
in secondary education and are likely to have a reasonable grasp of the gen-
eral environmental issues.

The upshot is that environmental education in intermediate technical edu-
cation will have to be designed taking a number of variables into account. For
the lower age levels - those going into technician training already around age
16 - a general and basic environmental education course may be necessary to
provide a frame of reference for the more detailed study of industrial
environmental issues or, as the case may be, environmental {ssues relating to
work in agriculture, forestry, mining or other fields of economic activity
outgide industry proper. The more specific industry-related environmental edu-
catfon will, in most cases, have to be comparatively narrowly focused on
environmental problems directly related to the specialization of the students.
Thus, for instance, chemical students may be guided primarily towards the
study of preventive measuvres concerning toxic, corrosive, cancerogeneous and
more ygenerally substances, which, {f allowed to flow freely into the environ-
ment may cause damage to aquatic life or to, for instance sewer installations
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or through air pollution; they should, as a corollary to risk studies also be
familiarized with the precautions to be taken to avoid environmental pollution
or other damage, the properties and construction of common environmental pro-
tection measures and technologies and the emigsion standards applying to their
particular branch of chemical work, They should also be introduced to and
learn to work with the major sources of information about and control of
environmental norms, as well as the relevant standards applying to industrial
safety and health. Important elements for chemical technicians are also such
aspects as fire protection, including self-ignition risks, special safety
measures relating to pressurized containers and the technology pertaining to
them,

Technician trainees preparing for work in other industries have different
needs in environmental education, Noise problems, for instance, occur in a
wide range of activities - textiles, aircraft service, civil engineering can
be given as examples of industries where protection against high noise levels
constitutes an acute problem. Vibration is the cause of occupational health
problems in forestry work (motor saws) and civil engineering but are also more
general environmental problems; polluting emissions are common (although the
substances may differ) in a wide range of industries such as pulp and paper,
in the chenical treatment of parts in the mechanical industry, in the finish-
ing departments of textile factories, just to name a few examples. Rubber and
plastics factories combine emission problems with such relating to safety and
health due to the use of various types of solvants and a wide range of indus-
tries, including those already mentioned, risk polluting the environment
through residues flowing through their water outlets (for instance fibres from
textile factories) or influence the climatic conditions In rivers by letting
out heated water. Common to all traditional 'smoke-stack' industries are the
problems created by chimney smoke, often combined with other emissions iato
air and water and in all cases a source of serious pollution unless proper
steps have been taken to clean up. Broad groups of students {n intermediate
technical education therefore need to understand the effects on aquatic life
and the environment more generally of the more common industrial emissions,
the means of controlling them and the maintenance of acceptable standards in
this respect.

Widely applicable, and for this reason also an important element in
envircnmental education for techniclans preparing for work in broad groups of
economic activity are various energy saving tecliniques, such as heat
exchanging - for the dual purpose of environmental protection and operatfional
economy, and, more generally, heating and cooling technologies,

The examples may serve to show the degree to which environmental edu-
cation at the technicf{an levels need to be 'taylor-made' taking Into account
the type of functions normally given to newly graduated techanicians in indus-
try; the type of industry mostly recruiting the graduates from the various
streams of intermediate technical education} the environmental risks -
relating to the outer environment as well as to the safety and health of
workers and others employed in ft; and the type and level of general education
they have gone through before entry into technical education.

Envivonmental education for trainces in lower technical and vocational
education offers the same probLlems as those applying to intermediate level
technical education. Time is often short: full-time training to skilled worker
levels in vocational schools often lasts for only two years, Specialization is
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often narrowly defined as to the type of industry, or function for which
training is provided. The educational level attained before entry into lower
technical and vocational education is often low - eight or nine years of gen-
eral education is about the rule, Moreover, as already mentioned, the recruits
into this form of technical and vocational education often constitute an
intellectually negative selection, with a large proportion of 'school-tired'
pupils with little interest in and aptitude for further 'bookish' studies,

Their general environmental education is likely to be somewhat
deficient - a want that needs to be met in their educational programme. Such
supplementary environmental education is desirable not only in the same way as
it is desirable for secondary-school students in general but also as a frame
of reference for the more directly occupation-related environmental educatlon
which should form part of their theoretical and practical instruction.

As the occupational areas are even more diverse at lower technical and
vocational training than in other forms of technical education no general-
ization can be made about the contents, Obviously mechanics and electricians
need quite different environmental education - and will be able to influence
the environment more effectively in their future work - than for instance
haivdressers or shoemakers.

As a general rule it might be suggested that persons preparing for
skilled work in agriculture and related fields of economic activity need the
most wide-ranging and intensive environmental education, The risks which are
relevant in their work relate both to the outer and the inner environment, and
tc occupational safety and health., The widening use of artificial fertilizers
as well as natural manure and other chemicals, all with polluting potentials
and many also implying occupational health risks if not handled properly are
baslc examplas of environmental issues, which they need to study thoroughly
and also learn to handle the relevant protective technologies, The concen-
tration of livestock and other food production into 'meat factories' has given
rise to new and often technologically complex waste disposal problems, which
they must learn to handle. They must develop insight and understanding for the
chain effects 1in nature of indiscriminate use of weed-killers and insecticides
and the use of other chemicals for instance pickling of seeds, ete., In other
vords they need both a thorough grounding in the agricultural ecosystem and in
the technologies used for protecting it, and a rather comprehensive intro-
duction to safety and occupational health problems in an increasingly
accident-prone occupational field.

For factory occupations the specialized environmental education required
is normally narrower and more directly related to the safety and health of the
work tean and the risks directly related to the type of production, Chemical
workers often need more cowmprehensive and basic environmental education relat-
ing to the handling of the products - unless the production is entirely
automated - which often carry risks ianvolving gas leaks, poisoning, inhalation
of dust and other health hazards. They must be familiar with safety arrange-
ments, including precautions relating to gas stored under pressure, and of
emergency routines - knowledge and skills, which, incidentally, are in most
cases best learnt in practice on the job, The environmental education off-
the~job should in the first instance aim at awareness and understanding for
the problems, while the skills should as a rule be acquired in real work
situations,
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Common to moat skilled worker classifications is that their education
should include study of the general safety and health organization at the work
place, basic ergonomic principles applying to the various work functions -
sitting, standing, lifting, balance in movements, etc, — the respect needed
for orderliness at the work place - individually as well as the collective
inner environment - and the strict application of safety rules and regulations,

Special emphasis on environmental issues is required in such occupations
which relate to repair and maintenance of installations and equipment -
mechanics, electricians for instance, including automotive vehicle mechanics,
who, 1in their work, are likely to coantrol and maintain equipment which has a
bearing on potentially polluting emissions.

. Summing up, environmental education in lower technical and vocational
education must be highly selective, in the first Instance complementary to
general environmental education, and, as a further objective directed towards
the environmental risks that the worker concerned is likely to deal with
directly in his work., There is a risk of doing both too little and too much -
general instruction about environmental risks is not likely to be effective,
while omitting any aspect that the future worker can influence in the future
would be an equally great mistake,

A word should finally be said about the various systems through which
skilled workers are trained. In full-time vocational training related instruc-
tion normally takes up a considerable proportion of the time - together with
further general education often as much as half the time is spent in the
classroom. The subjects covered include general science and trade-related
technology, which makes it possible to find a proper place for environmental
education. The situation is often different in the 'dual systems', where
related instruction is provided in group release or day release courses or in
evening courses — the latter a disappearing practice. Total time devoted to
related instruction and further general education varies between some 300 and
400 hours per annum. Moreover, particularly in smaller schools, pupils are
often grouped in broad occupational areas, making it difficult, if not imposs-
ible to target the instruction more precisely on the technology and environ-
mental {ssues pertinent to each occupational specialization., In addition, the
time devoted to technology and science varies greatly between countries. In
all such cases the choice of content will necessarily be to aim, in the first
instance, at creating basic awareness of environmental problems both In the
world at large and at the work place} to cover the essential basic principles
and practices of environmental protection in somewhat general terms -~ perhaps
with special emphasis on waste disposal, which applies to most flelds of
economic activity and a broad range of occupations, to provide an {nitiation
ifn such flields as basic ergonomic and organizational principles and practices
related to occupational safety and health and to develop favourable attitudes
to the efforts made in industry and in the soclety as a whole to protect and
lmprove the environment and to protect workers against accldents and health
crisks related to their occupations,

Further environmental education

Little can be generalized concerning the subjects that need to be
fncluded fn further environmental education for technical personnel. On the
whole the subject-matter can be defined under three headings:
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(1) subjects, which require reinforcement - continuing safety and health
education, for instance, or review training on waste disposal and
related matters;

(2) complementary training, e.g. for managers, foremen and other
personnel in responsibility for others, at the time of change in
functions; and

(3) updating to convey knowledge of newly discovered environmental
risks, or when materials used, products or production methods are
changed.

Experience in safety work in industry has proved that the safety message
needs frequent repetition to ensure continuing application of the rules, It
also ueeds to be varied with shifting emphasis and using different means of
communication - bad habits easily reappear after the first iupressions of a
safety campaign have fallen into oblivion and other priorities - pilece rate
earnings, production targets to be met - take over in determining behaviour.
The same applies to the wider environmental issues such as maintenance of
filtering equipment, the use of protective devices and so on.

Moreover, turnover among workers may be such that the environmental
awareness and Interest 18 shared only by a few members of the work force -~ the
new ones have been rapidly trained for their jobs without sufficient attention
being paid to environmental protection and improvement.

Principal targets for such further environmental education are the
engineers and techniclans, foremen and lead workers, who are responsible for
the continuing operation of the plant or other installations concerned,

Further training connected with promotion merits special mention in this
context. It is not unusual - promotion from worker to foreman is a typical
example - that persons in industry are promoted from a job involving
relatively little respongsibility for environmental and safety and health
issues to such, in which environmental problems constitute central tasks,
Success in the new job will be possible only {f the promotion is accompanied
by proper environmental and safety training - a memento in particular for
management and supervisor tralning courses often run by the extension services
of technical and vocational colleges and schools.



- 35 -

V. TEACHER TRAINING

All technical and vocational education should be - and normally is - an
integrated process combining three distinct elements:

(1) study of science and technology relating to the particular occu-
pational field concerned} here the aim is to create a basic under-
standing for the various processes and technologies applied within
that field, the scientific principles applied and the nature of the
technology used;

(2) development of skills in handling the tools and equipment used
within the occupational fleld, including, as appropriate, the tools
of research and development, design and control; aim: 'know and can
do';

(3) application of the theoretical knowledge and practical skills in
operational situations with the objective of placing what is learnt
in the classroom or amphitheatre and in simulated situations in
college or school workshops 1into a realistic perspective and, in
particular, to gain experience of the special culture of organized
production and of people working together.

Like all other technical and vocational education, environmental edu-
cation in such education should be provided through all three chaanels of
learning. It is equally important that the students learn to apprecliate and
understand the complex interrelationships batween technical activities and the
environment, and get an insight into the problems encountered in this field,
that they learn to handle environmental problems existing or evolving in their
particular field of specialization with a view to solving them, and that they
acquire direct experience of the constraints and limitations which might exist
in a work place situatfon, the influence of human organizational and economic
factors in decision-making and application of environmental protection
measures and the special risks and problems which occur in work situations as
distinct from the less realistic - simulating - atamosphere of a technical
university, college or technical and vocational school workshop, let alone the
classroon.

Learning environmental discipline is first of all a question of knowing -
and having direct experience of - how an environmentally well organized work
place is arranged. This is a point on which not all school or college labora-
tories and workshops could serve as models., It {s the first aspect to be
reviewed in planning environmental education in vocational and technical edu-
cation. Do the machines have proper safeguards? Are tools and equipment in
perfect shape, properly stored, sharpened and honed? Is workshop layout in
line with the principles for good works organization - proper distances
between machines, for instance? Is waste disposal properly organized? Is
ventilation sufficient? Ave welding booths large enough and sufficiently
closed to hinder sparks to fly around (fire vrisks), and sufficlently venti-
lated to protect the trainces from intoxication? Is workshop ventilation
generally properly arranged to take care of dust, shavings, gas cmissions? Are
wastes properly disposed of and inflammable or intoxicating substances prop-
erly stored? A few examples only of the questions which relate to eaviron-
mental precautions and necessary environmental arrangements to provide
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students with a proper environmental experience during their practical train-
ing in laborvatories and college or school workshops,

Teacher and subject diversity

Teacher training in environmental aspects of technical and vocational
education differs in many respects from what needs to be done in teacher
training in general environmental education, First, there are three distinct
learning situations with different personnel responsible for the teaching
process: teachers of theoretical subjects in the classrooms; instructors in
practical subjects in the college and school laboratories and workshops; and
engineers, foremen, technictians and skilled workers in job-based training and
work experience,

Already in the universities, colleges and schools providing technical and
vocational education there is a great difference in the educational background
aud levels of the different groups in the teaching staff., While at academic
levels teachers normally have high level academic degrees based on essentially
theoretical studies and research work, they are seconded in the laboratories
and workshops by technicians and skilled workers whose general education
normally - there are great differences {n this respect between countries -
ended at the age of 16 with a part-time supplement of related instruction in
the course of their vocational school training or apprenticeship., Formal
teacher training is often not required either of the professors or of the
technical staff in laboratories and workshops at the level of technical uni-
vergities as the qualifications required are normally, at the higher levels,
proved research proficiency and wide-ranging knowledge of the subject (mainly
theoretical) and, at the lower level, highly developed skills, often sup-
plemanted by some practical experience from industry,

About the same situation exists in technician training institutions -
theoretical subjects are taught by academically trained personnel, practical
subjects by instructors with essentially practical training and experience,
The situation has improved somewhat in some countries in recent years as tech-
nical teacher training institutions have been set up. But the general rule is
still that in most countries qualificatfon as a teacher in technical and
vocational education is essentially based on academic merits for theoretical
i{nstruction and practical training and work experience for laboratory and
workshop Instruction {in practical subjects.

The same division between two categories of teachers exists {in most
vocational school systens. Here teacher training is generally even less devel-
oped in many countries. Especially workshop i{nstructors are given a few wecks
of specfal teacher training - mainly pedagogical subjects ~ before they start
their work; thefr essential qualification is that they have completed basic
technical/vocational training and have some experience from practical work in
industry. In many developing countries where the colleges and schools have
difficulties in competing with industry in recruiting competent staff,
fnstructors often come directly out of the vocatlional school, receive some
additional teacher training, but are lacking practical experience from real
work situations,

The personnel which carry out the essential teaching during the periods
of practical experience constftute an even nmore mixed lot. On-the-job instruc-
tion i8 normally carried out by lead workers and other experienced persons
under the general supervision of foremen and charge-hands, Many among thenm
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have completed skilled-worker training - normally with a base of lower sec-
ondary general education only, Some inputs - particularly in the case of
students in higher technical education gaining experience Iin industry — may be
made by engineers and technicians, but vocational school trainees are normally
left with the workers on the floor to pick up whatever they can get.

A few - particularly larger - enterprises have trained instructors on the
job as well as in their off-the-job training institutions, who speclalize in
such work; some apprentice training systems require elementary training in
pedagogy and teaching methods to be included in the tralning courses for
Journeymen to become master craftsmen; job instruction often is one of the
elenents in foreman training courses. However, many foremen, skilled workers
and others taking care of instructing functions on the job in industry or
other fields of economic activity have never received any special training for
such purposes, Moreover, many among them, particularly in countries in which
the organization of worker training is of relatively recent date - and they
are many among both developing and industrial countries - have never had any
formal training at all but have essentially developed their skills and tech-
nical knowledge through informal on-the-job trainlng processes and sup-
plemented them through self-studies,

Thus, briefly summarized: the technical and vocational teachers consti-
tute a heterogeneous group of people with widely A{ffering educational levels,
widely differing types of technical and vocational training, and widely
differing levels of practical experfence outside the educational system in
which they are employed. There are three different locations in which environ-
mental elements are included in the fnstruction process: the classroom, the
laboratory/workshops (traluing fields in agricultural education), and the
full-scale work situation,

Second, there i{s a wide diversity in what needs to be conveyed through
environmental teacher training. Each specialization requires different content
and emphasis. The different levels vary in the degree of specialization:
broadly defined at the higher levels of technical education; increasingly
narrowly concefved at the intermediate and lower levels,

Comnon subjects

There is a core of general technical environmental training that applies
to most Lf not all lines of teacher training for technical and vocatlonal edu-
cation. It relates to gencrally applicable crgonomic principles and practices,
work place organlization, common health risks in working environments, organiz-
ation and sources of information concerning environwental issues, including
safety and health questions, emission standards and radiation sources. Such
matters can, in principle at least, be brought together f{nto a general
environmental course in most {f not all technlcal teacher training courses in
pre-service training., It can partly be amalgamated with the teaching of
fndustrial engineering programmes and with technlcal programmes and, at the
gsame time, be used to follow through on general environmental education pro-
vided in general secondary education and in inftial technical and vocational
educe _{on. 1t can be supplemented and reinforced through periodical in-service
training, when nevw developments in the above fields should be highlighted.

But the bulk of environmental educatfon for technical and vocattonal
teachers and instructors must be relatively narrowly targeted on individual
subject arcas in the same way as environmental education In both inftlal and
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further technical and vocational training should be selective in its design
and content, Broad groups of teachers need to be familiarized with such
environmentally important and broadly applicable technologies as Internal
materials handling, filtering of water and exhausts, and protection against
fonized and non-ionized radiation, occupational disease risks due to, for
instance, dust, nnise, climatic conditions at the work place, etc. More
narrowly focused ~ as regards the target populations as well as subject-
matter — will be such matters as environmental protection in office
operations - practically limited to the internal environment, 1including such
occupational health problems as correct posture, radiation and eye fatigue
(video screens) and climatic conditions of work. Equally narrowly focused as
regards the target population but much wider in subject-matter will be the
type and content of environmental education required by teachers concerned
with the trailning of personnel for such activities as agricultural and
forestry education, textiles, chemical and mechanical engineering and mining -
with differences depending on the level of teaching within the systems of
technical and vocational education,

The essential elements of the environmental education pertaining to each
particular fleld of economic activity should, in principle, have been covered
already in the initial technical or vocational education that the candidates
to teacher training have acquired, The Eirst task in recruitment and at the
early stages of teacher training should therefore be to assess the awareness,
knowledge and skills in environmental matters that the future teachers have
already acquired., It should be possible In pre-service teacher training to
concentrate on reinforcing what has already been learnt beforehand and on
filling such gaps as may have been left in earlier educational processes,
In-gservice training should mainly be directed towards two objectives:

(1) updating of knowledge as new developments take place; and

(2) providing essential environmental education for those teachers who
have not received teacher training, and in particular those who have
not benefited from any formal initial technical or vocational
education,

A word should finally be said about the integration of environmental edu-
cation into other subjects in teacher training. This is a difficult subject
for international discussion in view of the wide variations in teacher train-
ing practices and sources of recruitment of teachers in technical and
vocational education. All that can be sald with reasonable international
validity would seem to be that while some subjects in environmental education
guch as general ergonomic principles and practices, fire protection, basic
fssues in occupational health and protection against accidents, possibly also
the effects of pollution of various kinds of water and air, as well as proper
disposal of wastes from industrial and other forms of economic activity, may
vwell be brought together into a core subject, environmental protection aspects
should be taken fnto account in the teaching of all technical subjects in the
classrooms, as well as in college and school laboratories and workshops, and
in periods of practical experience., This means that all those who, in these
various situations, are responsible for a part of the training process need to
be given environmental training in some fornm,

The channels for such training will vary depending on the particular
national practices and institutional arrangements. First in line are, of
coutrse, the teacher training tnstitutions, which provide fnitial teacher



-39 -

training., Second in line are those institutions - if not the same - that cater
for in-service training of full-time teaching staff. Third, the various exten-
sion services, management training institutions (including supervisor training
institutions) and industrial training and development assoclations that might
exist, Fourth, and not the least {important the mass medifa and, in particular,
the professfonal journals which are commonly vreaching the teachers and
instructors in technical and vocational education and the engineers and
supervisors, who are responsible for on-the-job training and experience.
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VI. SUMMARY AND CONCLUSIONS

The growing importance of environmental issues in modern soclety and
increasing risks for irreversible damage to the outer environment as well as
for accidents and occupational disease, in the work environment combine to
emphasize a need for review and further development of environmental education
in technical and vocational education.

The subject is difficult for three main reasons, First, the wide variety
of environmental risks, which have their origin in the various fields of econ-
omic activity. There are the direct risks of environmental pollution through
waste emissions carried by water or let out into the air; there is improper
disposal of solid wastes; there is unsafe storage of inflammables and toxic
substances, There are also the chain effects in nature of improper spreading
of fertilizers, insecticides, pesticides and weed-killers, lead, mercury and
other heavy metals, of sulphuroxides and carbon monoxide, fluor salts and
other chemical substances which, in high doses, have toxic effects on animals
and human beings, or may be lethal to plants and trees. There are the many
risks which pertain to the inner - working environment; the use of new methods
of production, newly developed materials or older raw materials, which have
proved the cause of occupational unhealth; improper organization of work or
work place arrangements, which favour accidents or 111 health among the
workers,

Second, there is the wide diversity in technical and vocational edu-
cation, There are three levels — at least - at which technical personnel to be
employed in agriculture, forestry, industry, commerce and other fields of
economic and social activity are trained: at university level for engineers
and other technical staff at similar levels; in technical colleges and tech-
nical secondary schools in which technicians - {tself not a homogeneous level
in all countries - receive their initial technical education, There are
various types of lower technical and vocational schools - part-time and
full-t{me - {n which skilled workers develop their basic trade skill and
knowledge. While most engineers and techniclans today receive their initial
training in full-time courses, an important complement is provided in industry
and other fields of economic activity through periods of practice and tech-
nical initiation as well as graduation and graduate research and development
projects, Skilled and specialized workers, finally, pick up their initfial
skills and knowledge of technical work either in the vocational school pro-
grammes or through a combination of part-time vocational education and
practical training on-the-job, or through i{nformal training in employment
without any complementary education at all,.

Thicrd, it is a fast-moving subject. Research provides new evidence prac-
tically daily of health risks in the use of various substances - risks for
cancer, respliratory diseases, eczema and various allergic affections, In other
words, it is a subject in which a dose of inftial training will never be
enough. A strategy of environmental education for future and present technical
personnel must include provisions for both initial and further training on
environmnental issues - at the level of initial technical and vocational edu-
cation and at the level of adult further education for those already active in
one or the other of the many fields of ccononic activity. These flelds differ
widely with regard to the types of risk that thcy involve as tar as both the
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outer and inner environments are concerned, Some are heavy polluters, others
may be less menacing to the outer environment; some are particularly dangerous
to those working in them. In all fields there are environmental issues to be
taken into account, elements of potential damage to the world around or to
those engaged in the work,

Technical staff at all levels have a heavy responsibility for the protec-
tion of the environment and for improving it whenever this is possible, They
are directly engaged in the development of new products and materials, for the
design of work processes, for the development, operation and control of tech-
nical installations, for ensuring that process outputs and by-products are
properly designed in line with set standards and that these standards are
properly maintained, and that wastes are properly taken care of.

The range of their responsibilities for environmental protection and
improvement varies between the different levels of work, Engineers and man-
agers of technical operations have to assume responsibility for a wider range
of environmental issues than the individual worker. But each in his work can
often both be the cause of environmental damage and be the initiator of
environmental improvement.

There is no direct link between the technical and vocational education
that a person has recelved and the field of economic activity or type of func-
tions which he may have in working life, Mechanical and electrical engineers
and technicians are working in enterprises and other bodies ranging from
social services such as hospitals to line construction and maintenance or
factory work, mechanics may end up as mailntenance men in office establishments
and so on,

All this diversity means that environmental education wust be spectlfi-
cally target to well defined populations and well defined fields of activity
with clear definition of priority issues {n environmental protection and

improvement,

The objective in all environmental education -~ as defined by the Unesco/
UNEP Tbilfsi Intergovernmental Conference on Environmental Education (1977) is
to make individuals and communitfes understand the complex natucre of the
natural and the built environments resulting from the Interaction of theflr
biological, physical, soclial, economic and cultural aspects, and acquire the
knowledge, values, attitudes, and practical skills to participate in a respon-
sible and effective way in anticipating and solving environmental problems,
and in the manageuent of the quality of the environment, Moreover, environ-
mental education should show clearly the economic, political and ecological
interdependence of the modern world -~ the small world of the work place, the
larger world of the locality, the region and the nation, and the wider world
of {nternational interdependence,

Speclfically environmental education fn technical and vocational
education - taking off from and velnforcing whatever basis general environ-
nental education might have provided ~ should aim at making students and
trainees aware of the specific environmental problems and risks, including
those relating to the safety and health of the working group, that relate to
the type of industry and occupation which the students are preparing to enter
and which are fnvolved in the type of functions that they are learning to
carry in cconomic life, They should, in addition, learn the theoretfcal and
scientific basig -~ adapted to the level of studies - of the technology applied
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to cope with the problems and the skills required for applying it, The train-
ing should relate, as appropriate at each level, to the construction and
design, use and maintenance of protective measures and to the technology that
might be applied in reducing or removing the risks to the environment that
applies to the relevant area of technical activity.

Environmental education in technical and vocational education may, with
regard to the essential basis for environmental protection and improvement and
the protection of those working against accidents and unhealth, be treated as
a separate subject, designed to supplement and reinforce what has been learnt
previously in general environmental education, and to widen the awareness,
knowledge and skills acquired in it to relate more exactly to the particular
risks and possibilities of the occupationdl area concerned. In its essentials
environmental education should, however, be integrated into the total tech-
nical learning process. Many aspects of environmental education will fit well
into the teaching of such subjects as industrial engineering and the organiz-
ation of work; industrial law; mechanical and electrical engineering; building
and construction technology; and agricultural technology and botanics,

Environmental education should be a cross-cutting theme in all aspects of
technical and vocational education, It should be emphasized and explained in
the study of theoretical subjects, constitute a leading theme in laboratory
and workshop skill training, constitute subject-matter for thesis work at
undergraduate and graduate levels and form an important part of the practical
training and experience gained on-the-job.,

Environmental aspects - with, perhaps, the exception of industrial safety
and health - has often been a neglected aspect of technical and vocational
education in the past, It has not been given any prominent place in teacher
training for such education, It is of greatest importance for future gener-
ations of technical staff that such lacunae should now be filled, This means,
first of all, that teacher training curricula should be reviewed and, so far
as required to repair past omissions, revised to give environmental education
its proper place in them, It also means that programmes of further -
in-service - training of existing training and teaching staff may need to be
developed to ensure rapid adaptation of the current teaching process to new or
previously neglected environmental education requirements.
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