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I.. BACKGROUND
\ Vs

. INTRODUCTION . _ .

The meeting was organized by Unesco within the *

framework of its programme of promoting th
reform and development of eng),neering educaﬁon
* and with the financial assistance from the United
Nations Environment Programme (UNEP). It was

part of a series of activities that UNEP is under'

-taking or assisting, aimed at slipporting and en-
couraging the training of experts in various en-
vironmental fields, and the- training of personnel
in the techniques of incorporating environme ntal
cénsiderations into development planning. = The

$meeting gave special attention to the conditions
in developing countries and to the environmental
consequences of development. Other United

Nations agencies as well as interested non-

governmental organizations sent observers at . -

Unesco's iavitation.”

given in Annex II.-
The objective of the meeting was to provide

Unesco and UNEP with’\gidelines on future pro-

The list of participants is’

. grammes that should Be undertaken to assist
Member. States in apphdpriately strengthening
the environmental educatigh of engineers.

The meeting was opened in,Unesce House
‘in Paris, 17 June 1974, and reviewed the need
and means for the inclusion of environmental.
concepts into the education of all engineers, the
strengthening of educational programmeswaimed
at producing engineering graduates for work in

* environmental areas, and the inclusionof environ-
‘mental components in continuing education pro-
grammes  for presently practising engineers.
The institutional structures that are needed to

- meet these objectives were also discussed. The
" agenda for the meeting is given in Annex I.

o s

kY

OPENING OF’ TH.E MEETING ,

The meeting was opened by the Assistant Director- .

sGeneral for Science, Mr. J. M. Harrison, who,-

on ,behalf of the Director-General welcomed the

partxéipants and observers.(Annex IV gives the

, text of this address; as well as those of other ’
» ; speakers at t}g opening of the. meeting) /

 §
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ELECTION OF CHAIRMAN , :
* VICE- CHAIRMEN AND RAPPORTEUR _ .

The meeting elected the tollowing officérs to con- -

stitute its Bureéau;, .
Chaix‘man._ . -, Mr. R. G. Norman
Vice-Chairman: Professor A. El-Erian - "'
Rapporteur: Professor A. Ramachandran -
Sy f @ .

Yl &

'SUMMARY OF DISCUSSIONS

 The working sgssions of the meeting began with

" the presentationand discussion of the background

*  papers prepared in advance by the four Unesco .
consultants. These documents are included in-

« .~Annex V of this report.
these papers were made roughout the .course
of the meeting, andthere was general agreement
amongst the participants that thgy constituted an
invaluable source of information on the subjects
of discussion, | - '

Deliberations then centred on item 6 (a‘) of
the agenda, .the environmental concems that

-have prompted the reappraisal of world priori-
ties and have led to such actions in the fieldof
engineering educatign as the, olding oi‘ this .
meeting.. .

- . 0
Item § (a) of the agenda: Env
mental concerns ‘and L‘rospect

Global problems .

One of the submit%?ers pErovided discussion
on global environrnengal prqblems. including,
energy consumption, productipn and disposal of

‘noxious compounds, and effects on the world'
water and air. Thé unde

o, dangerous substances was sin ed out as a par-

®
[s=M

requent referencesto .

possible needs of . future generations to exploit_

water or other-regources in thd ear th!s crust.

- *Throughout the meeting there was repeated
mention of situations where fgmiliarity with other
sciences was essential for fyll-understanding of
the impact ofengineering works, and'the examples
quoted highlighted the impothance of such fields
as gocial sciences, ecology, soil sciences, marine




biology, meteorology, and hunﬁan biology Con-
cern was expressed not only that the engineering
profession was not sufiicientlf in contact with

latter were?themselves oftep reluctant to C
operate with engineérs and to;sattempt to under-
stand the broader implicatiénfg of the use of tech-
- nology and of -economic and gocial development,
Increased uride rstanding b&;ween different pro-
. fessions is imperative, as it increases 'motiva-
tion to tackle in a multidisciplinary manner com-'
plex problems of importance to society. The'role
of- professional and learned sdcietigs 'was men-"
tioned as being especially important in this context.

those in specialized -gciéntific sfields but tha“ .

‘ B
¢

57

°

History of social consequénces

. ’ of technology . §
- Furthermore, the discussion &on€érned the his-
tory of technology, andits relationt development
and envirofimental changes Many changes were -
quoted, ranging from lead pOISOnIA and defores-
. tation in Roman Empire times to the coristruc-
I tion of steam turbines and large mod rnindustrial
' pr@jects. Problems of scale-and cov nplexity were
* ‘perceived as very important, espe?ially in rela-
7 tion to infrastructure and enviro ent, and some
participants suggested that, in the txf nd to gigantic
works, economies of scale in pr duction were
“often not real, bearing in mind alifthe secondax‘y
effects of the undertaking.
Thus some development projects may turn
“‘out to be counter- productive, when viewed in a
regional perspective. However, some partioi-
pants insisted that this may oftén be due to the
.. ~fact that the engineers responsible were given
T exceedingly restrictive terms of reference, th\e .
sfundamental dedisions having been made at a
dﬂ‘i’erent level or, in some instances, even in
another country. There was general agreement
on the utility of learning from the past, by care-
, fully studying actual cases, and using these in, \
. engineering educationgand disseminating them, |
" particularly through the journals of engineering R
associations. =~ - - ‘

I

S

Development and environmental

Broblems

It was repeatedly pointed out that’ environmental
concerns differed widely around the wdrld, and
.that they were intimately related to the process
' of development of both the economy and the so-
ciety. - In many regions and countries, the major
problem was survival in hostile environments,
such that development implies primarily a modi-
fication of the environment. The examples quoted
included trépical forest areas with impoverished
goils and the desert regions of ‘Africa and Asia.
Betterment of the populations inthese areas could
- be brought about by resource development and by
_ the appligation of technology, bearing in mind its
whole range of short- and long-term environmental
consequences.
' On thé other hand, "in many industrialized
countries the major environmental concerns were -
_ seen: as those of pollution,

- 0

\

L

ArulTos Poviied oy ERc - . R P Y

st

urban crowding, - -

5

[

dereliction anfi
these countries there may not be a real problem
of lack of resources, rather a question of choice
of g0 jﬂﬁprioi'ities . ;

% . ¢ . }3'

Urban seg.lements", natural resources,

A

ecological damage. In many of

T

cthe oceans and the environment

o

In the discussion four areas of critical import-

~ ance were identified, areas that participants

consideried should be given greatér emphasisin ;'
‘the strengtpemng of environmerital components A

of engineering studies.

In the first of these, human settlements,
engineeri g works play a major role but for da“te
éngineers have usually only been intéFested and .
involved dn separate parts of the problem such
as streets and highways, water supply, or, build-
ing structures. The rapid growth of urban popu-

[

lations, p¢or housing, urban migration and.dere- ° . j

Liction of ¢xisting cities are such that in coming

‘decades urban problems will become critical in’

many coun ries, of all levels of development and
massive engineering works will certainly be under-
taken. Engineering curricula do not usually give
any attentibn to urban development issues, and
yet a|large proportion of all engineers do work
‘that has e vironmental impact on lifé in urban
areag. Human settlements in rural areas are
another aspect of this problem where engineers
have an i portant role to play.

The development of natural reso‘urces is a
key to the/improvement of the livelihood of those
in developing countries, especially mineral and, .

- forest resources, agriculture and water resources.

 Problems co

" period, traffic, p

Far too often, engineering leducation in these
countries is too academic inapproach and does
not adequately prep are graduates for their future .
rOles, especially t iat of planning or controlling
'projects for the exploitation of resourges. To-
gether with economic and legal factors, environ-’
mental aspects are of capitalim or\ance notably
in large-scale minin operations.

The oceans of t le world represent huge po--"
_tential sources-of food and mineral resources,
and engjneering activity in and around the seas
‘is rising rapidly Only in very few instances,
however, have engineering education institutions.
responded to this new {'\rea, as engineering edu-
cation has traditionally tended to stop short at '
the water's edge or at the end of the sewage out-"
fall pipe. Offshore technology and undersea '
mining are obviously impértant in themselves,
but the environmé¢ntal impact on the gceans and
enclosed seas of /all engineering works needs to
be given greater' attention in the initial ‘and con-
tinuing education of engineers o -~

The effects on the environment of large-scale

. industrial complexes was-discussed in detail and

Japan and Fra' ce were mentioned. .
ncerni gpopu ajion movements, land
S\eﬁdcts durihg the construction

lldtion mickoclimates, disaster-
risks and ecological and cultural consequentces

were mentioned. . This seemed-an areaof import- -
‘ vingdisciplines and

examples i

use, transito
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g Item 6 (b) of the agenda;. Engineering

manpower» requirements

gineer ng manpower categories

There was general agreement that much, work
will be necessary in defining categories of per-
_ sonnel required in environmenta} fields and,

. while there will logically 'be great differences
between conditions and needs in different coun-
tries, it was thought useful to carry out compre-
hensive manpower studies in a number of coun-
trles‘as soon as possible, Those aspectsof a-

. qualltative -nature were suggested as being more

S important than attempts to predict numbers of-

g%' ) engineers requlred in the future, as experience

e has shown that such calculations ‘o’ften prove to
; be inaccurate. L SR
Several speakers stressed the continuing
importance of environmental health engineers,
working in such areas a¥ water supply,‘sewage
treatment and vector. control,” but it was empha-

'::

restricted to health' _questions, but shouldbe con-
cernedgwvith the general problem of providing man.
with .as favourable an environment as possible.
Thus educa'tion to give understanding of the ways.
in which social and environmental equilibrium
may be preserved and restored is es&gntial for

. engineering students in all disciplines.

. -
‘Environmental engineers and
env1ronmental managers

-

There was cons1derable discuss1on7§1 whether
environmental concerns would result in an in-
creaded demand for engineers. One view was
that qualitative questions were most important,
and that in many countries the demands wouldbe
‘ for better educated or better retrained engineers,
. rather than for more of them. On the other hand,
some participants felt that increased numbers of
o engineers may prove necessary in some special-

.izations, such as chemical engineering and civil

engineering. It was pointed out that engineéring
works affecting the environment on alarge scale
‘such as sewage treatment or river control struc-
-tures, often required many different engineering
specializations for their design, and construction,
% . where perhaps few engineers could be classed as
o specialized environmental engineers. -

On the other hand, a clear need for environ-
» . mental management engineers or environmental i

, . ~mapagers was $een, men who would have the
o breadth of view and experience to be able to plan.
and administer ehvironmental control services

in cities or largér regions. There was some
difference of opinjon as towhether special under-

e

.sized that environmental -engineering cannot be -

graduate courses| shbuld be used for training -

' environmental madnagers, whether only post-
<~ graduate cjurses should be used aad in the. latter
case whether engiheers and non—engineers could

or should'be trairjed in the samé programmes. B

The training of "e@vironmental integrators' was
- also suggested, pérsons having the capacity to
' _direct the multidigciplinai'y teams required for
environmental work.

\‘l

ERIC ¢

it
g

Taw

(’w""/ .
- Manpower needs in eriineering
education and train__g

@ \().‘

Many partbcipants identified teacher training and
retraining as a high priority, especially in the °
context of curricula reform to include environ-
mental concepts into all courses, and that of
creating, within educational institutions, link-
ages between departments that have. tended to
"remain isolated and illusorily self<sufficient.
It was thought that this should bestbe undertaken
atinstitution and natiopal levels but, Where groups

. of countries in‘one region have comparable en-

vironmental and development problems, aninter-
national approach may be desirable,

Manpower reeds reirding ‘

technicians v o L
Although discussion was' mainly focused on roles
and needs for engi‘neers, -the needs for engineer-
ing technicians of various types and levels were
‘also mentioned. Technicians in. environmental
protection and monitoring. functions wgre obviously
going to be required in in'creasing numbers,” but
the environmental awareness of technicians in
1ndustry also needs. to be promoted by education
and in-service training. :

L%

Item 6 (c) of the agenda: Optiofis
for engineering education ' ¢

Discussion on item 6 (c), took' ‘place mostly on
the basis of the following sche_me:

gineeringfeducation prjrammes
methods and areas

L

Programmes . |

- .
- s

1.1 Introductory courses on environmental -
quality for all undergraduate engineering
students.

1.2 Programmes centred around society, tech-

., hology and development as part of the social

sciences and humanities context of undergrad-
uate engineering programmes.

1.3 Projects in undergraduate programmes
emphasizing multidisciplinary and systems
approaches. . :

1.4. Courses, workshops and seminars, devel-
oped indigenously in each country in areas of -

local relevance with, if necessary, support 2
“or expertise from abroad. .

1.5 Workshops on environmental.standards,
instrumentation and techniques for engineers
in governméent and industry. :

1.6 Post- graduate programmes in environ-

R mental management based on systems and

"resource ' approaches. A

1.7 Works s for engineering educators to .
"develop‘environmental insights in their respec- .
tive discip nes, for use in their instructional
programmes. :

1.8 Short ¢ourses for in-service eng1neers using

cage studies and other means, to develop en-\'jk .

vironmental appreciations,; skills on environ-
mental problems. ete. . - -

- "‘/}'_.’
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of local materials, recycling, low energy use
" for optimizing habitats and services.

"Methods

2.1 Developmenlt of teaching materials, educa-
tional technology, visual aids, etcf, for use
in engineering institutions.

2.2 Creation or strengthening of laboratories
and field investigation facilities of 1nst1tutions
dealing with énvironmental areas.

2.3 Encourageme t of excursions, trips to ma-
jor projects for in-situ studies of-environmental
assessments., @

2:4 Compilation\of files information and referral
services in environmental areas, in co-
‘operation with UNISI$T and other informa-
tion services.

2.5 Preparation of case studi} of completed

pro;ects déaling with technital, econemic and

environmental appraisal of such pro;ects.

’ling environmental dadta, eépecially with “com-
xputers.

2.7 Promotion of communication Iskills and de-
velopment of abilitysto deal with the public and
ipolicy makers on matters concerning environ-

ent and technology.

2.8 Promation of historical and socio- economlc

., aspects of technology and its a‘pphcatlons in
relation to the environment.

: Activities :

3.1 Examination of necessity for setting up in-
stitutes or centres of environmental studies in
universities to promote mu1t1dis,piplinary teach-
-ing and research.’ o

3.2 Undertaking of pilot studies,on ways and

- means to promote multidisciplinary teaching
in environmental areas.

3.3 Encouragement of professional societies to
organize seminars, exhibitions and confronta-
tions dealing with environment on national, re-
gional and international levels. .

3.4 Examination of. alternstives to technologies

having an environmeéntal impact and appropri-

ate to countries concerned.

COntinuing education ) g
of.engineers » =~ = o

The priority that should be given to increasing’
the énvironmental awareness of engineers who
have already graduated was frequently stressed,
on the grounds that for the next 20 or 30 years -
it is they who will be dominating the engineering
activity. .Many will be working in environmental
management, with o:'\\vftho‘ut any formal train-
ing for. such role, and many more willbe inareas
whiere their work will have direct impact on the

I environment. Cait tinuing education must in-
" crease their competence ‘but, even more import-
. antly, should.give them an dwareness of environ-

mentad problems and issues, such that they can
forepee eﬂects, rather than defensively react

R
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aftér the secondary effects of their works be--

come apparent.  The proftssional engineering
societies and employers were segn as playing a
key rQle in continuing €ducation, and it was sug-
gested that in many countries the universities

and en'gineering schools should be more positive

- in their attitudes to continuing education.

It was also mentioned that there would be
many benefits if professmnals from different
fields participated jointly in cont1numgeducation
programmes, as thls would add to the value of
the training and. wou1d promote subsequent co-
operation. . - .

-

Issues regarding the curriculum - o

and methods of engineering education °

I . §
There was unanimity as to the need y‘\to develop
ways of using case studies in engineering edu-
cation, comparable to the way that these are
sed m other professions such
medicine manageﬁ‘xent They would be plost
useful ii"they ceuld be multidisciplinary in na,_a

ture 4nd this would bring benefits tothé teachers

as well as td'the students. . There are many diffi-
"culties in developing such methodology, but par-
ticipants believed that high priority should be
given to the encouragement .of institutions to -

experiment with case study methods of introduc-"

ing environmental aspects into engineering edu-
cation at alltlevels. o .

On the other hand, ‘there appeared to be di—

, vided opinions as to whether general lecture .

courses on environmental problems were an

effective means, .because of the danger that

student motivation to learn could be low if these

courses were not seen to be closely related to
their interests, or were not well taught. It was '
recognized, A however, "that in some instances
special courges onsuch topics as ""environmental
protection' might be necessary and successful
-in disciplines such as chemical and civil engin-
7. eering, but in this instance the course shouldbe
tailored tp the particular curriculum.
Co-operation amoﬂﬁinternational
organizations in the field of
gxlgineering education ’

©

_ There was general agreement that more. effec-
-"tive international and regional co- -operation was
needed to encourage improvement of the educa-

e

-

»

tion of engineers and other specialists with w\om\

they wauld be working during theircareers. Thus, "™

as well as improving co-operation between group--
ings of engineers, links should be strengthened
between thém and other professional national.
and international’levels. It was suggested. that
the Man and the Biosphere (MAB) programme’
could be used as. a mechanism for this co-

operation, and also that the International Council_.g" '

of Scientific Unions (ICSU) andvits constituent
-bodies, notably the Scientific. Committee on Prob~ "

- lems of the Environment (SCOPE), should par-
ticipate. In addition, closer co-Operation would
need to be established with the World Health
Orgamzation (WHO), the World Meteorological

oo P
\’,_‘ v
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Organizatioh (WMO), the United Nations Indus-
trial Development Organization (UNIDO) and othe¥
related organizations.

"The need for close co- operation with the
United Natxons Envu'onment Programme (UNEP)

was “stressed, bo{ “with % regard to-financial ‘sup=-~-

-port and to easure that activities undertaken by
Unesco are complementary to other related
activities receiving UNLg’ support. Co-operation.
. o  Withthe United Nations Dévelopment Programme
C (UNDP) and the International Bank for Reconstruc-
tion and Development (IBRD) was also mentloned
especially the possibility of placing more stress
on the environment in projects being. fmanced by
these bodies. p('

The work ofthe World Federatlon of Engin-
eermg Organizations (WFEO) Committee on Edu-
cation and Training was mentaned also that of
the regional groups concerned with engineering

- education, mcludmg the European Federation of
National ﬁ:ngineering Societies (FEANI), the
" European -Society for Engineering Education
(ESEE}, the Union Panamericanade Asociaciones
de Ingenieros (UPADI), the Federation of Arab
Engineers (FAE), the Committee on Engineering
. Education in Middle, Africa (CEEMA), the Asso-
ciation for Engineering Education in South and
Central Asia (ASEESCA).and the Association for
Engineering . Education Tn Southeast Asia
(ASEESEA). - ) )
5 The meetings; journals and newsletters of -
these regional associations Wwere seenas a mech-
anism for dissemiPation of informationonenviron-

4

o

] .
mentalaspects of engineering education, but thére

" was general agreement that the publication dnd

o

-~

SIMPLE MODEL OF

wide distribution of an international newsletter,

_perhaps entitled "Engineering Education and"the_,

Environment', would be an effective means of‘ A
gwmg world wide publicity tQ problems, .inno-
vations, and sources of information. %ﬁe possx-
bility of the newsletter beirig’ p\;’bhshed y.Unesco
in co-operation with WFEO was suggested, and
it was agreed that the tnatter needed further study

. There. was general agreement that in' any
event all engineering coursed should now have a
fabric of environmental content woven into them,
especially those dealing with design, construc-
tion, operation and-economics. It was remarked
that today many well presented courses do include
‘societal and environmental considerations. .

Reference was made to the opportunity of
integrating social science and enviropmental as-
pects of engineermg education. 'The work of the
Social Scienges Sector of Unesco was described
by the Secretariat and the Unesco Seminar on the
Role of Social Sciences and Humanities in Engin-
eering Education, held in Bucharest (Septémber
1972), was mentioned. It appears that the growth

of environmental concern adds further justifica= ‘
<tion to the need for social sciences and humanis-

tic disciplines as an integral part of engineering
curricula, by relating these non-tgchnical dis-
ciplines in an operational way to environmental
studies and pi‘oblems Participants suggested
that new approaches along these lined should be
encouraged.

Fig. 1. .
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The role of systems an&‘l\ysis o

The use of modern multidisciplinary syste{ns ‘
analysis in environmental problems wag regarded
as most important, for this would enable .the en-
gineer to obtain a proper broad.view of the impact
of engineering works and of the factors to be taken
’ into account in their design. "One particlpant

proposed a simple model of these relationships,

. whiéh is shown in Figure f.

! ¥

. » Mete rolggical cons1de rat ions N

" Especially with regard to urban settléments and
large industrial complexes, meteorological con-
siderations are of substantial importance in the
engineering design and in the operation of indus-
tries, and yet meteorol'ogy is rarely included in
engineering curricula. It was thought that, per-
haps in the form of case studies, meteorologlcal
.concepts should be considered.

.. Environmental implications of . = p
energy supply systems . S ,

The relationshipbetween energy and the en‘{:‘;-
« ment was discussed at some length, from the
point of view of varied environmental implica-.-
. tions ‘of mining fossil fuels, oil exploitationand
* processing, and also regarding the environmental
problems associated with power generating sta-
tions. This seémed to be a sector of ipdustry -
where engineering has a very positive role to
! play, but where an opt1mal balance in terms of
' developmerit objectives has to be 'sought through
interdisciplintry co-operation at all Tevels of

decision and implementation.

. s - -
Item 7 gth‘e agenda: Co-operative
interna ional programmes .
There was extensive discussion of ways in Which
lJNEP and Unesco and other organizations”could / .
promote better -educationof engineers in environ-
mental topics. Itwas recognized that WHO, WMO .

v fnd the International Atomic Energy Agency (IAEA),
would continue to promote the training of speclﬁ\"
lists in their respective areas, notably through

_* regional centres such as the Inter-regional Sani-
tary Engineering Centre in Rabat, Morocco, and
by the development of teaching gnaterials and that
these programmes would need continued SuppO!‘@
The in- service training work of UNIDO was als
very important and the possiblllties for-their in-
creased use to promote ‘environmental concepts
was mentioned, as was the possibility of 1inking
them with Unesco programmes in continu1ng '
educations -~ — - : v

Priority areas for action were identlfied as
~_continuing’ edutation, teaching training, prepara-
o tion and dissemination of teaching matetial,-in-

formation and publicity, and institution bulldingr

- It was corsidered that, bearing in mind the, very ‘

" world, it would be preferable to concentrate any
pilot projects on a limited number of existing in-
stitutions, chosen so that maximum results are

'[mc .
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"large number of engineering schools around. the . *°

likely to be achieved and having the capac1ty to -
publicize work in their regions.

An integrated group of projects was finally .
recommended by the meeting ag being those
where Unesco and UNEP could most frutifully

a )

..

direc‘f' their efforts. These projects are pre-_
gentedin pages No. 12to16 of this report ynder ‘the
framework of.a draft proposal for a "World Pfo-
gramme on Environmental Aspects of Engineer-
ing Education and Train1ng

3

4

III. CONCLUSIONS AND

RECOMMENDATIONS
The Meeting of Expertson Environmental Aspects
of Engineerin'g Education and Training, ¢onvened
“by Unesco in co-opération with the United Nations
Environmental Programme, carried out its tasks .
" from 17 to 21 June 1974. i . o
The meeting felt that the ‘problems brought '
to their- considerqtion were urgent and of world-
wide concern. In particular, the meeting had ‘ e
the conviction that members of the engineering
profession have a clear responsiblllty to their |-
countries and to the world at large in the+safe-
guard and improvement of the quality of the hu-
man environment. This responsibility ‘stems
from the role of the engineer as the creator of
new technology and as one of the decision- makers
on the conditions under which this technology 1is
used for the ultimate progress of destruction of
human society.
In this sense, the Secretariat cor{sidered it
\opportune to recall the Stockholm recommenda- .
tion that the attention of governments be drawn .
to the need to adapt the trdining for the members '
.of all professions involved in environmental p1an-
ning, particularly ‘the training of ' ""professional
people who act directly upon the ‘environment
° such as engineers architects, town and physical
‘%lplanners . The recommendation explains further
“that "it would be necessgary to introduce into the
existing curriculasof trﬁning for these profes- = .~
sions a set of general notions with ‘advanced .
training in the environmental management tech-
niques associated with each of the professions
‘cqncerned’',
After a thorough' discussion of the substan-"
tive items of the agenda, which perm'ittedabroad 4
exchange of ideas, among »indiv1dual participants,
representatives of other agencies of the United
Nations syglt‘em, representatives of non- .
. governmental organizations, Unesco consultants
and members of the Sécretariat, the meeting was o
ableto formulate its recommendations as follows;

@

Overall recommendations

f. That in all its programmes concerning
the education and training.of engineers and -

)

%« This recommendation is contained in para-
graph 113 of the report of the Secretary-
General of the: United Nations Conference on
the Human Environment on sub_]ect area [V:
Educational, Informatrpnal, 'Social and Cul-
tural Aspects of Environmental Problems. |

woa
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technicians, Unesco should stress thte importance
of environmental concerns and concepts, on a
local and global scale,
B 2. That Unesco should continue and expand
. its co-operation with UNEP in this work and should
" work closely-with other international organiza-
tions and agencies, especially the World Health
Organization (WHO)," the United Nations Indus-
trial Development Organization (UNIDO), the
,World Meteorological Organization (WMO). ‘the
. International Labour Organisation (ILO), the Food
and Agriculture Oxganization (FAO), the United
Nations Development Programme (UNDP), and
the International Bank for Reconstruction and
Development (IBRD). Furthermore, wherever
appropriate, non-governmental organizations
such as the International Council of Scientific
Unions {ICSU), and, the World Federationgof En-’
“ gineering Organizations (WFEO), shouldb 880>
- clated with these activities, and the regional
bodies such as the European Federation of Na-
tional Engineering Societies - (FEANI), Pan-
American_Federation of Engineering Societies
(UPADI), the Federation of Arab Engineers (FAE),
the Committee on Engineering Education in Middle
Africa (CEEMA), the Associationfor Engineering
Education in Southeast' Asia (ASEESEA),

2

N

Association for Engineering Education in South

and Central Asia (ASEESCA), that are concerned
with éngineering education should be encouraged
to include environmentally-oriented activities in
. their programmes

‘3. That such cq-operative activities be en-
visaged as a .world-wide effort to stimulate.:re-
flection, experimentation and innovation in en-
"gineering education and training, and that the -
sharing of informatign and experience be a pri~
ority aspect of this work.

4.
\l/eIOpment engineers give incr'basmg importance
to the constraints of environmental quality thus
developing a better understanding, not only of
the intenaction of development with- the environ-
ment, but also ‘of the role of‘environmental sci-

- entists. Q~erse1y it seems demrable to pro-.
vide opportunities for environmental scientists
" (both social and natural) to understand the engin-

3

That in contributing to technological de-

eering problem of guiding\technological develop-

mént to achieve social purpdses within a whole
complex of constraints. . R
5. ‘That at a regional or sub-regional level,
. countries having similar ec010gica1 and develops
‘'mental conditions- should be encouraged to de-
velop links between their engineering schools and
rofessional societies, so as to develop €O~ 5
*operation in teaching and research in env1ron-
mental fields related to engineering.
6. Thatata national level, .those engagéd in

)

" of career p'_rofiles for engineers in the light of

environmental issues, and maintained that these -.
_needs will vary widely according to the social,
conomic and ecological situationineach country,
" developing countries ‘the emphasis may - be
aced on balanced ,development of natural re-
urces, water supplies and sewerage. urban
ettlements, and ruraldevelopment. Inthe more,
industrialized countries pollution and transporta-

tion aspects may need tobe given great‘er’empha— e

sis.

L

In this context, it is recomgnended
7. That studies. be carried out in every _
) country to determine the environmental areas’

~ which are currently most important, with re- '

) lei{els . 3
) Education effort aimed atimproving environ- o

~

gard to engineeriné practice, and to outline %he
qualification characteristiés of the engineering
personnel whose work will influedice these areas.

8. That basic training of all engineers shall '’

include study .of efivironmental and ecological
principles, so that they are able: to foresee, not
-~gimply react, to environmental conqequences of
their work. Whenever .necessary, training on. -«
" environmental matters of a special nature must
be includéd in specific branches of engineering
Manpower .

~

Engineers have played a major rOle in the tech-
- nological develepment “of the présent societyand’
should continue to do so. An appropriate con-
sideration of man’as a part‘bf the envifronment
_ must be fundamental in the work of all engineers.)
Insights in basic and environmental priniciples
must therefore be a part of the training at a11

' [y

mental understanding among’ engineers must-use-
fully be directed towards _education in the follow-
ing three phases, set out in order of priority:
(i) in-career education and: training of practis-~
- ing engineers should be ‘proinoted based upon’_ '
. short-term courses and examination of case
L%:ies involvmg the 1ise of” multid1scip1inary
pr ciples, . )
(i1) undergraduate education of all engineers .
". shall include environmental and ecological
pr1nc1p1es and studies aimed at a general
understanding ‘of environmental prob1ems.
(iii) engine%rs intending to specialize on environ- .
mental impact should pursue suitably’ arranged
post-graduate higher degree courses,

*

AN

o

. It is recommended:’

engineering education should reappraife.the ari- »
~© entation and objectives of teaching and research,

taking into account local development needs and
‘environmental condifions, .and in consultation' -
with those in other disciplines, to study,the ne-

cess1ty for more environmental studies to be in- .

v

clided in the curricula

<

“IrurthermoYe; the meetin ng stressed the “im- -

portnnc(- of the, analysis of manpower nee(ls and.

Y
s

&

-

"lo

9.\ That studies be carried out on the needs o

and categories of specialist engineérs in environ-
mental fields as well as'needs for engineers able
,to assume roles in-environmental management.:
-10. - That tHe training of pr%ctising engineers
‘be considered as a -priority" matter. Effective’ f
short-term. courses using modern techniques ;
should preferablZ be used.. \

.

Institutionsv - s"
B S

11, and uﬂple-

That Unesco. when planﬁg
ménting international technical co-Yperation pro-:
‘grammes in the field: of: environmental education T
“of angineers fully recogm/es that Iii 1ercducntion =

e
B o

1L

»

‘.
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systems are characterized by their great diver-.

sity throughout the world in the same way that
arelsocio economic policies and development
Thus, while no universal moulds '+
are desirhble, it is of the greatest usefulness .
and urgency that governments and institutions

. involved/in a process of innovative reform be

provided with a set of alternatives which ceuld
serve document technically their decisions
based to alarge extent onoverall national policy

: considerations.

12. That an emphasis commensurate with -
the government's overall environmental policy
be placed in environmental qualily objectives
when. the* reform of higher education, and par-
ticularly engineering education is contemplated
by different countries. .

~.13.. That inthe study of alternatives for the
reform of-. engineering education and training;
governments and higher educationgstablishments
give due consideration ‘to.the possible need for

" . reorganization of institutional.structures (e. g-

the creation of inter-depaptmental institutes or
laboratories oriented towards envirqnmental
quality problems; the establishment of new

v organizational structures that facilitate the co-

operation of such areas as engineering, archi-

- tecture, planning law, economics and social seci-

ences inteaching and research on the environment).

. . ’ ) .
‘Curricula . , .
. 14. Thatinthe reg'ular revision of curricula,
attention should be given to the strengthening of

‘environmental concepts, through the inclusion of

additional courses or by integration into existing
programmes. It is necessary to introduce, into
the tuition Rrogrammes of all levels, from pri-

mary tp university, some elementary concentra-

‘tion not only on the imperative need of environ- .

‘mental protection, but similarly on the .complex

nature and interdependence of all phenomena
involved.

.15, After being informed by the Secretariat
of the forthcoming publication in English and
French of "'Social Sciences and Humanities in
Engineering Education' (based on the results of
the Bucharest Seminar held in late 1972)*, the
meeting recommends that Unesco endeavour to
give it the widest possible diffusion among en-

: ginee?‘ing educators and engineering education

institutions, possibly together with the report\
the

of this meeting, *since the meeting feels that
problems of environmental” aspects of the educa—
tion for engineers can only be approached effec-
tively bya consideration of both socio~ -~humanistic
and scientific~ technological elements in the pro-
cess of education of these professiona.ls o :

‘That as a possible means ‘of strengthening
‘social sciince components of engineering educa-
tion, expe: imentation be encouraged in the use
of case studies.on past and present impact of
technology on man and hi§ environment.

“16." Thatinthe ghaduate tuition programmes
of a11 specialization disciplines relative to en--
vironmental protection, elements be introduced

" to enable mutual exchange of. information an

v
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* UnescoiSei‘ninar on the Social:Sciences and o
Humanities Content of Engineering Education-.

mutual |

erstanding among the va/rlous profes-
. 'sional groups- - -
In order to understand environ
. tions, .engineers should learn to workn team
situations, in collaboration with professionals
"of other disciplines, "such as economists, man-

ntal situa~

agers, lawyers,
scientists. ’

17. The €ngineer of tomorrow must have,
in the range of social and human sciences, a know~.
ledge sufficient to'@nable application of his tech-
nical skill in the solution of important. social
problems, and thus to contribute practically to -
social progress. ¢

" It is therefore. recommended ‘that: ‘"[ :

(&) In all disciplines and specializationg of
engineerifig education, the subject "Environ-
mental Protection' be introduced,” closely relat-
ing the problems of environmental protection to

sociologists and politica.l

the specific scope of problems in the engineering

; specialization. .
(b) Wheneverneces sary,. t\raining on environ-

mental problems of a special nature must be in- .

cludeg in specific branches of engineering, e.g.

"+ chemical engineering (combustion and air pollu- -

~-tion);. electrical engineering (siting of power
stations) ’
(c) All engineers” be’ trained to approach
complex situations’ requiring multidisciplinary
knowledge and the use, of systems ana.lysis
methodology R ,
, IV. DRAFT PROPOSAL FOR A . .
WORLD PROGRAMME ON e
ENVIRONMENTAL ASPECTS "
OF ENGINEERING EDUCATION
AND TRAINING

“

Objectives of the programme
- " . ] B

To ensure that enviropmental considerations are
taken into account in development projects and
other engineering works, especially with refer-
ence to economy of energy and other resourcgs;
development and dissemination of environmentdily
sound téchnologies; "the prevention of pollution
and the promotion of healthy urban and rural en-

vironment on a global scale.

The programme is based on the conclusions

of the Meeting of Experts on Environmental As-

-pects of the Education and. Training of Engineers o

held in June 1974.

j .
Implementation of the prdgramme \ :,
L3 .

Under the programme vallibus prOJects will be
executed inthe years 1975, 1976 and 1977. These

jects will be aimed at ¢he "development: of
tea'g

hing aids and.teaching methods for the intro- .

.ductionof environmental concepts in engineering

education hy S \ -

|9

L3 * \ Te

(Bucharest, Romania, &+8 September 1972*. '
o T R _

&y

’ o
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exchangg of informqtion.
‘reform of e¥fneering curricula; .
workshops for engineering professors and other ~
“educators; -
development of new educational methodology and
: resources;
@ post graduate programmes " espeoially in devel-
: - oping countries, .
pilot projects] - -
other activities as recommended by the expert
. meeting
‘Unesco will formulate. details of the individual
projects in close co- operation with the countries
"and with intergovernmental and non- governmental 5
" ‘international organizations concerned

.oB

¢

r

°

"

"L

INTERNATIONAL AND REGIONAL
COMMUN[CA TION‘
R} .

(i) Development of sub-regiom{/
‘networks of institutions engaged
"In the environmental education of

all engineer gg students o

A.

A

Baci&und and objectivés’

p .-
The purpose of the project will be the deve10p--f
ment of, a global network of interinstitutional
linkages' in the fYeld.of environmental edubation
-of engineers. i ) . .

»Unesco, through its different technical cot o
operation activities, has’ established close re-
lations with engineering educatiop institutions in .
more than 50 countries. Some.of these institu-
tions are now engagead in or are considering the .
development of new c,urricgla and methods of
engineering education to reflect national environ-
:mental concerns. . & - L ’

.
.Description .
.Underthis project which would cover Africa,
Asia, Arab States, Europe and Latin America
Unescob would provide:
) (a) a substantial number of sub- regional
. ”travel grants for engineering educators working
" in the environmental area in order to promote
exchanges and co- Operation between Anstitutions
in countries havmg sxmilar environmental
conditions; . : re
~ .(b) a number of fellowships for the traming
. of already gualified engineering educators wish-
ing to speciahze in the teaching of environmental
subjects, through post- graduate interdisciplinary
"gtudies; or through new studi¢s outside the field
of engineering,“in basic areaz of environmental
quality management such as: , '
. polieyand planning;
- _\Iegisla,tion_,i S
ecology;
- economics;- :
;6) a number of fellowships for the trainmg
a.ln'oad of . young engineeri.ng teachers.inparticular
envxronmental control technologies related to
heir own branch of engineering; .
Ad) opportunities for: exchange of. fellows in

X

»

1

Ve
£ i

|
’1:?

',.‘Work p& no. , .

: engineering journals.

L 'Prain .3 of;t_he World Federation of Engineering

. RHp

i .
v

£ -

: ,

(b) and (¢): through the methods proposed in (a),

* thus maintaining an international ﬂow and sharr
ing of new knowledge and of eventual educational
innovations resulting from the, work of teachers

.trained ynder the prgfect.. .

o
»

-
v .
\»

i
t

Fifty travel grants shoyld be provided gach.year
- in 1976,.1977 and 1978, for the exchange of .
_teachers in the five sub-regiens mentioned; "
finety man-years of fellowships wohuld be awarded N
ta, englneering professors from institutions in
.. ea h sub region :

3

BUEERY

o

(ii) International hewsletter

Backgroun$ '

A need exists for the“ﬂssemination on an inter-
national scale of information likely to stimulate
enginegring education institutions around the
world to agapt their ‘teaching and’ research pro-. }
grammes o environmental'concerns. Innovar i

tions need ‘to he publicized and environmental . . \
information digseminated to the world community -
bf engineering educators; pracﬁsmg engineers, »

and professional socl\et{es
» B

Ob tective . ‘
E3

The obJective of the neWsletter is to provide a .
vehicle for the’ exchange “of experience. and in- ©
f matioh that will stimulate the reform and de-
“velopment: of engipeering education in. accord-
ance witPvenvironmental realities The news: .
letter would disseminate information on activi-
ties undertaken under this programme together ’

-

9‘\

L,
.

,

,

PO . .

e .

v

. with other relevant information, .and would be a

source of ‘material for' the regtonal and national
i’t.would also include in-,
formation on availa%ility of éourses, educa.tional
mat\erials, and. act as a catalyst for: exchange of
experience . \

.

. . k : 0.
Work plﬁ- .

o,

id ”

¥
Unesco would arrange for the publication of a+
quarterl,y newsletter '"Engineering Education <
and the Environment" directlforinco operation
with the Committee on En'gineering‘Education arid.
Organizations It would be. issued mitially in. L
é:ngllsh French and. Spanish, &t an. estimated R
ost of $15 000 per annum - : .
B :

e
e

~ Epa L
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B. EDUCATIONAL RESOURCES
' PROJECT

A FE N

.;.;_ "J

ln order t.hat;engineers be prepared to..pon r
the—environmental significance of their projects, A
.whether in the puinc or priVate sectors, At is.
necessary that their cducation be’reformed to
include environmental concerns explictly.,

both formal and continuing engineering education, .
materials amd techniuns need to be developed‘

¥




, ] traditional engineoring judgements. .

. cultural projects, etc.

that will integrate environmental concerns into

A project to develop these materials should
be undertaken by Unesco. : :

"' Examples of the types of materials that
should be developed are! : :

1.. Monographis on the theme "Engineering,
Developmeritand the Environment", that would: -
‘provide an historicg] perspective on the role of
englneers in contributing to the social purposes
of technological development, and on the conse-
quences to society and the environment, of en-’
gineered technofogical changes. ¢

2. Case studies, including relevant dataand
comprehensive post-audits, of engineeririg proj- *

.ects, such as dams, highways, industrial com-

plexes, river basin management, urban develop-
ment, resource exploitation, large- scale agri-
Such studies,should in-
clude social and: environment:al congequences, as *
well as engineering effectiveness. i

3. Classroom teaching materials ‘that would.
be useful in many engineering science and design
subjects for modifying conventional subject mate-
rial to inclide the envirénmental factors as-well
as the traditional parameters ¥ .

Examples include; (i) chemical process or

4’. mabhinery design, 'where all energy and materials

consumed, produced or ‘wasted are included in
tﬂe overallprOJect asgessment; (2) siting of proj-

E ects; where the total impact on society must be.

included; (3) mining, where costs of environ-
mental protection and spoil disposal must be in-.

"* clided in project cost etudies,’ and (4) manufac-
* turing propesses, whet¢ worker health and safety

* are important components. of*design.

" 4, Engineering study projects that lend

" themselves to the multidisciplihagy ghalysis so

essential to the achievement of environmental o

' compatibility Such projects shouldbe designed
“to involve, Stud.ents and faculty from a wide vari-

ety of disciplines and professiops 'Examples of
such projects include new progesses, manufac-
turing plants, community developments, etc. °
. 5. Teachingaids ranging from compilati’én’
of appropriate library material, to the develép-
ment of teaching materials exploiting modern:

" technology, films and,film strips, computerized

e

instruction.

¥ 8.’ Studies of new institutional arrangements .
’and structures in efigifieering education, : ‘aimed .

_ of training programmes

The ,;\bove materials will assist
cution of the other projects recommended by the
meeting-. ;- .S

h ' ’ -
Implementation 3 ‘, /

Unqsco, in co-oper on with UNEP andﬂ other
international org
should unde¥tak

v

descﬁ'bed above; " ®r - ~
“ Unesco's/ staff shduld be supplemented by

dﬁd the task force drawn from vdrious |}

o i

¥y

. @x"

ation/s as may be appropriate, @
: oject for the preparation’of -
. _the monographsy éaée studies, classroomi teach-
“ing materiald, study pi'OJects and teaching aids X

Lw

fields of engineering educationLand practice in-

-+ cluding environmental specialists. Becauseboth .
physical and sociel sciences are involved in en-
gineering education, experts from these fields
should be utilized. ]

Unesco may consider sub- contracting por-

“tions of the project to’ engineering and/or educa=~
tional institutions that have the necessary capa-
bilities, and the potential for recruiting the
appropriate experts.

'~ The meeting recommends that an initial in- - “ )

vestment of 20 man-years of expert services be
committed to the project.

. PROMOTION OF EDUCATIONAL,
FLEXIBILI'I‘Y
_ Pilot’ and demonstration promees
for multidisciplinary environmental
education at engineering schools,
'including the use ol gystems gpproaches

Background

The growing concern for the state of the human-
‘environment has an increasing influence on the
‘nature of the €ngineer's respqnsibilities. There
- {s a strong interdependency between the work

- performed by ehgineérs and the state of the na~

tural environment, which is determined by many °
tightly interwoven factors, The single disciplinary
' approach is no longer satisfactory, but little is
yet known on how,the required multidisciplinary
methods can be applied in practice. ' The compli-
cated problems in' this field can best be managed
with the aid of:t;h'(e/syjlems concept. :
" "While thes& heeds are present in virtually
all fields of engineering activities it is consid- °
ered. that the 'most urgent needs are for the
strengthetiing in. engineering educati“on of aspects
that/relate to: . /. - . g
‘human settlements; . B

- naturdl resources; o
marine environments and resources. '
industrial complexes, - -°

“to achieve such innovations, soine insti—

may hhve to change their structure.

/.

The objectives of the project are to deve10p
- methodologies for multidisciplinary training of
enginéers in efivironmentally important fields,
and to develop methodologieg for teaching the
"application of systems concepts to environmelital
prébléms.. Thege methélls.will be tested-in pllidt
‘and demonstratiof] programmes undegakel‘i in'-
engineeringinstitutions of various regions.of the
¢ proframmes will stress:ithe strength-

jectives of the project

«

world.
" ening o / critical areas that have hitherto been

" {nadeqgiately ‘covered in engineering studies,
_hamely urban and rural development, natural :
‘resource corservitions; ‘marine resourcea‘iand
_ theimpact of largef’industriatl deve10pmentsn The
' regults of thesé ‘studies and the progress of thé
+ pilot’ ﬁrogrammes w&um be widely dissetninated

0y
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. / .

* . through the newsletter, through Unesco channels

- "~ and through the engineering education bodies be-
ing.assisted by Unesco, to stimulate changes in
attitudes and institutions .

Summarized description
- of the project o c -

(I ] : o
A small task force ¢f experts in multidistiplin-
ary environmental teaching programmes and in
hyman communication techniques will be charged
with drafting a technical paper on methods and
techniques of muitidisciplinary environmental

education. - For this aim the task force will meet .

times and visit institutes where such .

isciplinary programmes are being conducted.
N ‘ o

severy
‘multi

Work p_lan . ' ' '

A second small task force of experts in systems

‘analysis applied to environmental problems will

be charged with drafting a technical paper on the

use of syfptems concepts in dealing with environ-
mental problems in engineering education. .
’ The technical papers of both task, forces will

G include ‘case s«tudies and will be reviewed by one

‘panel of. experts.

o Five institutions of which three will be in )
developing and two in industrialized countries
will be selected for the pilot and demonstration
programmes, selected from the fields of human
. settlements, natural resources, ocean resources,
and industrtal complexes. ’ 58

These programmes will be located at engin-
eering ihstitutions where there can be developed
.appropriate institutional structures .for co-

. . operation with other higher education units, ‘in-
cluding social and political sciences, medicine,
‘natural sciences and law, Consultants Would

L]

demonstration progra?nme,

., N 2P

D. - CONTINUING EDUCATION FOR
PRACTISING ENGINEERS,AND

' .ENGINEERING TEACHER _ -
. ‘) 3 X
Background - % . - \‘; .

with work being done by UNIDO, WHO and the
Unesco Working Group on the Contiriuing-Educa-
_ tion of Kngineers.. ‘Most of the world's practis-
ing engineers have been ed&mdt{ed at a time when
the interactions between engideering works and
the ervironment were less considered by society
* than is now the'case. Irrespective of the train-
ing programmesbeing developed withthe environ-
ment in mind for the present generation of stu-.
.. dents the need is even more urg‘ent for increas-
'~ . ingthe envir"onmental awareness of practising
engineers
! © - .This is especially true for those engaged in
" educating engineers.. They not only want a better
appregiation of recent environmental factors in
engineering practice, but they also need to know
how to reflect thede effectively in their teaching

.

R A .1 70 provided by ERIC

W,

assist in developingand corfducting each pilot and < :

. studies will be widely disseminated.

5 This part of the programme will be co-ordinated

L]

(1) , Workshops for engineering
' professors_to strengthen the .
environmental agpects of _ ' '

their teaching . N
T - . a
QObjectives of the project

To explore and demonstrate how engineering edu-
cators can develop their ability to include environ-
mental content and insights in their teéaching, and~
to collaborate with specialists in othér disciplines’
in their teaching and research

PR .
v
et

Summarized description ‘-\‘\ . .
of the projeét N T
Institutions in various countries will be selected
‘for the project. At each institution a' workshop
for engineering professors will be held, each .
dealing with the environmental aspects of one of
the digciplines; civil engineering, electrical
engineering, urbanplanning, mechanical engin- ‘
eering, chemical el;gineering, mining and meétal /
lurgical engineering., At each institution cona,u
tants or the services of a sub-contracting insti-
tute would be provided for periods depending on
the needs for each case, and specialists in other
disciplines would participate. For eagh work-
. shop, 25 Tellowships would be proyided to engin—»
_ eering educators froim developihg countries. _
.. Each workshop, whi¢h will be prepared\‘and
conducted in close liaison with national environ-
. mental authorities and interested internationdl
* agencies, will give an opportunity to the partici-
pating educators to discuss teaching methods
and to use relevant visual aids. 'Furthermore, K *
-eminent experts in #fe environmental field will
discuss latest devglopments. Case material on
environmental aspects of ineering projects
will be collected for the worRsiop and made
-available in a form useful for' \enginqering teach-
ing. After each event a report will drafted
apt submitted to Unesco, and this the case -

Ao (i) Workshops and seminars for

“+  engineers (In co-ordinating thé\proposed

&% activities, special attention willjbe paid to
the responsfbilities of other agéncies in
this field )~

Objectives

To develop in praftising engineers attitudes that
wil{,belp them bgtteregcarry out work having en- .
vironmental consequences. g

Work plan

" The, workshops will be carried out on a regional )
or sub regional basis whenever appropriate, as ,
national pilot projects. The subject areas. will

*be selected in consultation with governments,

_ professional engineeringisocieties and the re-

. glonal associations for engineering education.
>"For each workshop a team of national, and, if

'H. necessary, international experts will be formed

ooomt
%
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{o survey the need:o! the prospective participants \
“and their empleylng organizations, draft study
programme and organize thé seminar.
appropriate successive seminars maybe orgamized
in seveéral countries of a region.

So as to have significant impact, a number

of such seminars will be organized in each year . :

~ of the’Programme, with the topic, host institutions
- and timing being chosen to c?nform to local en:
vlronhxenlal concex‘ns.

- (141) Rovin gsemlnars
A ] -

" -Bac’kground and objectives ‘
It had been recognized that there is a need to in-
form engineers, practising and those engaged in

‘. teaching, of the environmental impact. of their

_activities. This seems to ‘be true of all countries’
‘and is especially trae of the less developed coun-

tries where the dangers and long-term €ffects of o

all types of pollution do not at this time seem es-

pecfally serious, or at‘least less 1mmed1At\ely \
_ imfportdnt than other constraints. = PR

It was agreed that a very useful gm.eticm
could be performed by a_small-gFoup of experts

leading a se KGF/workshop ineachof several
ce In regions where engineers are rela- -
vely few these centres could be in neighbouring

%trles. but is! reéognt ed, that. even, in such

triesa partlcularly large country would’bene-
fit from the seminar belng given in"'more than one
cenf 1 : . o

. Descrlgtlc;n ] T

The tgmgf experts would, wherever possible,
\’iyl . .

Where A

- \‘ . . L. ot .
A_Workelan - .

"of a local enginé

AN
) - i
B 1
~

include at least one local engineer who has con-
cern for the environmental 1mpact of 1ndustry,

agriculture, urban concentratlons ‘and public ..

services.

The semlna{s would be arranged through
englneerlng schools and national engineering
organlzatlons as well as national agencies in the

-field of economi¢*and social planning and environ-

mental protection. ‘One¢ major purpose would be
to draw public attention to envirconmental dangers
and a second to iniform e gineering teachers of

the dangers and éffects of certainprhctices, which
might net as yet be well recognized. -

The seminars need-be of & few days duration
only, to keep dowh costs but ajso to enable busy
participants, lespecially sgnior ones, to attend,

The discussions would be based 6n carefully pre- -

‘pared material and areas would ba slngled out
which are of local tmpo:'tence.

q

. N . ‘v

The perlpatetlc team need not be large and per-
haps could consist of two experts and an assist-
ant, who, would 5 complemented by the addition
-Such a team cﬁld vlslt four
centres in two weeks, which mlgh,t includé four
separate countries in some regions, and less ln
others.

This method. of 1mpartlng serlous and useful
information by means of lectures,; case studies,

) discussion, and supply of bibliographles'would
~geem to have strong advantages over and cer-

@inly complement other ways of 1mpart1ng an
appreciation of sensitivity of our envlronment

~to- human actlvlty s ' _‘ .

€
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: Sweden ‘
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" Rubr University _ '
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Professor D, A. ‘Okun
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" RULES OF PROCEDURE S S

i

_{Established in accordance with the "Regulations

for the general classification of the various cate- ' I -
gories of meetings. convened by Unescol, asadop- " s ; : . ' ‘ ‘
" ted by the Geéneral Conference at its fourteenth : P o K . ' ’ o
. session, 14 C/Resolvtion2’3. ) < -31 _ N ;’
. : N s A R : 3‘
S " /’l" o AR J i
; j
i
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L. PARTICIPATION. = ’ o . /

Rule 1 - Chief participants

The chief participants shall be experts selected and invited by the Director-General of the United
Nations Educational, Scientific and Cultural Organization (Unesco) They shall serve inaprivate capacity.

Rule 2-- Representatives and observers ' Co - ‘ : ; “,

Representatives of the United Nations and‘organizations of the Unite‘d Nations system and other in-- ..
tergovernmenta] organizations which have concluded mutual representative agreemerits with esco and o
observers of international organizations invited by the Director-General may take part in the meeting,
vyithout the rjght to vote, and subject to Rule 7 3, ‘ _ ‘ . o -«iw >

ra . . . Ly
N . . - . .

1. ORGANIZATION OF THE MEET;;NG‘ . R , S

’

Rule 3 - Terms of reference &

X " The purpose of the meeting is to submit to the Organization su%gestions or advice on ‘the matters
figuring on its agenda, .

Rule 4 - Elections o »’_‘_. _ }‘ _' ’ : S

F)

The meeting shall elect a Chairman one or more V1ce-Chairmen and a\Rapporteur. ' N

III CONDUCT OF BUSINESS

Rule 5 Duties of the Chairman

K Thg.' Chairman shall open and close each session of the meeting, He shall direct/the discussions, ~ + '
: ensure observance of these Rules and ac ord or withdraw: ‘the right to speak He shall/ rule on points of
trol proceedings and the maintenanc of order, Hemay.
The Cha1rman sha].L

- not vote. :

Rule 6 - ACJ Chairman

\ 3

If the Chairman is absent or unable to attend he shall be-re
ing in this capacityA shall have the same powers and duties as the Cha man. ‘

Rule 7 - Order and time-limit:«of speeches

e




,‘_\EK

Aruitoxt provided by Eic: . . . . .

. English and French are the working languages of the meeting, Interpretation and documents will )
be provided in these two languages. ' ’

glﬂ_e 9 - Voting ) - R

9..1% The Chairman of the meeting shall summarize the general 1mpor't of the dlscuss1ons. 1f one or
more of the participants referred to in Rule 1 are not in agreement with the conclusions, their
views and the grounds therefore may,” at their request be summarized in the final report of the

, meeting, - . ! : ; . - .

9,2 Déc'isions requiring a vote shall be ad&pted by a si.mple majo’r'ity of the participants referred to in
Rule 1 who arg¢ present and voting. . B .

9,37 For the purpose of the present Rules, the expression partimpants" referred to in Rule 1 who are
pr'esent and voting, shall mean those casting an affirmative or negative yote, Partfc1pants abstain-
ing from votlng shall be considered as non-voter's. \

Rule 8 - Working languagesg ‘ . , .
9.4 When an amendment to a propos.al is moved, the amendment shall be voted on first, - When'several n
amendments to a proposal are moved, the meeting shall first vote on the amendment deemed by the |
presiding officer to be the furthest removed in substance from the original proposal, and then on.
the amendment next furthest removed therefr'om and so on, until all the amendments have been put
_to the vote, . o ‘
[ . 5.
9.5 A motion is consxdered an amendment toa proposa.l if 1t merely adds to, deletes from or revises .
part of that proposal " LA . : . <,

, Ve B o . - '

Rule 10 - Report of the meetlng e B K L B

|
R ’

The conclusions reached by the meeting shall® be embodied in a repor‘t which shall b transmitted . R
to the Dlrector‘ General of Unesco, | .

IV. SECRETARIAT OF THE MEETING . _ 4 “ ' _ \

’ : R . N . . .
. v N .
. Y X R -

Rule 11 - Secretamat

The Secretariat of the meeting s‘hall be provided by Unesco officials and consultants appomted for
that purpose by the Director- C‘”enef'al ‘of the Orgamzatlon.
- v N : : %

Rule 12 - Duties of the Sec'r'etar'iat' ; " : " ' : .o ) .

-

>

The Secrefariat shall pérform all the work necessa~ry for the smooth functioning of the meeting.
. 3 : ! o e 07 e : .

.

’ x - ’ N . NN ,
Rule 13 - Statements by the Secretariat wo }‘ '

The Secretd'riqt may at any time, make to the meeting either oral or written statements concern-

- ing any question under dgign. . -
: I o * - . 4 o
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Annex IV . T R : N .
OPENING ADDRESS BY MR, J. M. HARRISQN o . o .
ASSISTANT DIRECTOR-GENERAL o ¢ : .
FOR SCIENCE . . . NG ‘ . '
-~ ) ' \ v .
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‘adi'es :~and Gentlemen, - . - Asian Reglonal Wo kshop on Environmental Train- .

i S T ingef PractisingCivil Engmeers. The objective

"It'is with .great. pleasure- that [ am able to welcome _.of this project is..to demonstrate the possibility of o

i you on-behalf of the Director- General] Itis our - environmental traimgional or national g

] wish that you will have an interesting and produc- basis, of Civil Engineers in key-positions, where | 7

/ tive meeting and a pleasant stay in Paris, W& they are involved in the planning and execution of

e / have attempted to provide the facilities and made major works, Br concerned with regional and ur-

arrangements requisite to the fulfilment oﬁ these - ban development
; wishes, If, however, we have overlooked any- ~ - The second is for Environmental Traming of
{ = thing, please let us know so that we can do what-* _Engineers in Institutions in Develcrpmg Countries.
A / ever i8 necessary to facilitate your activities, " This projeét will create pilot programmes of study
S . Utiegco; ~&8—many of ~you-are aware, has’ In two institutions that havé received or are re-
been over: the years and presently is involved in .~ ceiving” adBistance from UNDP, The objectives .
" a'large number of activities that can be described are-to show that traditionally orgamzed e‘ngineer- Lo
. by'the three critical words in our name: educa- ' ing schools can, without great’ margmal costs, in-
tional, scierﬁﬁh,._cultural These have included < trdduce a coherent and success programme of
o d great many environmental considerations, It " " basie environmental studies. In Unesco's future . e
ddes not require a very thorough examination of ‘o projects included the-two just mentioned, .the fi- :
.. the wo;:ld's environmental problems and their -" nal gelection of the content, level, and mode of . .

" sglutions (achieved and potential)|to realize that presentation will be guided by the resylts of your *'
all three of the areas: delineated inour name must ~delibe\rat.%)}:::-: and recomme'ndationsei?e‘-e thisweek, .- -
be embraced “Cultural factors frequently dictate In addition to these Engineering Educationrori-'”
the manner in which environment is used or mis- ented projects that pertain to the environment, .
vsed - scientific advances have frequently been Unesco has been, and is, involved in numerous’

"—“//the basis of technological applkions that have other activities that relate directly or indirectly
changed the environment - but usyallyit is sci- : to the environment, especially: ' o
enée and engineering that also hold‘the keys to - - the Man aﬁﬂ’the Biosphere Programme (MAB) - v
repa ring damage previously done and preventlng » which is an intergotrernmental and interd1sci- .
pre damage; and in all cases it is education of. plinary programme of research, emphasizmg .

an ecological approach to study of the interrela- -

4 engiheers, as well as the architects, urban
tionship -between ‘man and ithe environment,

planners ‘ecologists and others directly involved

reting, UNEP has, to date, agreed to. support A fer of information on marine resources and their
, I: lCi other environmental projects in the: field of . QP ‘ management. PRSI g
, gineering Education.f one is for holding an. . NAlst\ of importance is the work done on Earth

|
[ m the environmental manageinent process that: - .and to problems relating -to regional use and
I o ust prepare-the pe0ple who can undertake the conservation of the resources of the biosphere,
| /", _quired works, One of<your tasks here is ;:o : the International Hydrological Programme to pro-
i * spidy the relevant educational needs of young iy vide a scientific framework for the .general de-
| engineers being moulded for theif careers and ... . velopment: of hydrological activities to inglude *
| tfue needs of alder practitioners whose formal~ . hydrological cycles, asseksment of water re-. -
} education may have been completed in years past - _ sources throughout the world, the influence of
r when admittedly, environmental concerns did - . " - man'g activities on the water cycle, to promote -
PR not receive the present due degree of attention ~ ‘the exchange of information, to promote edUca- K
The United Nations Environrhent Programme . tion ‘and. training in’ hydrology - and ‘to -assist’ .
that was. established fo]lowing the Stockholm Con- ~ Member States in the organization and deve10p- . S
» fewrence of 1972 has recognized such needs and * | .~ ment of their national hydrological. activities; T \
; Hes entrusted Uriesco to assist in studying the’ = - - Marine Sciences studies’ and research to promote LT
[ problems d working toward their solutions, Ip co e regional and national’ capabilities in managing -
i ' nddition to contributing to the ﬁnancing of this . ' " the coastal environment and support the trans- - . SR
g
3
2
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. Science project, Solar Epergy and many other
technological and sciéntific areas.

.In January 1974 we hosted, heré€ at Unescp
House, an experts meeting on Environmental En<
gineering, Copies of the report of that meeting®
' havebeen distributed to you and should be of value

to you in ascertaining some of the directions en-
gineering work is going and thus may suggest to
you the education and training needed to provide
professionals to carry out the work, o
In the pe{st consideration has surely been
‘given*to env1ronmental factors in the education
of engineers and their subsequent works,
range from the Bbvious, as in the activities of
¢ivil and sanitary engineers whose engineering-

, works have solved basic gnvironmental problems,

Less obvious perha\s are, for example, consid-
eration for effects of impounded waters from the

These o

construction of dams; routing of highways toavoid -

disturbance of wild life refuges and natural beauty
spots; and of course structural and architectural
. ‘ design of buildings to provide comfortable living
| and working space while preserving the aesthetic
appeal of the surrounding environment,

“Chemical, electrical and mechanical e en-
gineers too have learned to be,_ concerned about\\
the environment in siting plants and designing
them for minimization of smoke and other pol-.
luan,; waste heat utilization and reductlon of
. noise, The list could go op, and it must be ad-

1‘ © mitted that in the past, the environmental con-
‘ - cerns were frequently a reaction to external pres-
l sureés from the community, or a by-product of
‘ “ overriding technical and economic factors,”
| s . The present situation regarding the training
_of- engineers to participate in the solution of en-
vironmental pyoblems still seems to stand as a

“rather complex one,

On the one hand some educators and employ-

- ers of engineers -advocate the establishment of
) ' post-graduate programmes in environmental
| :

ot B 8
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" level, , ?

,grammes in environmental englneenng from the

' agement decisions thréughout his -career,

- ecology, etc,, all 6f which and other fields areof .

. «
u

| . [
engineering, usually following expasure to basic
environmental studies within the traditional
branches of engiheering at the undergraduate

On the other hand there are tendenéies to-
wards the creation af undergra&xate degree pro- .

beginning,

Although it seems clear that there should bé
a basic environmental component in all types of
engineering and technological education, the above
mentioned problems appear important for Un'esco's
futire programmes and I hope that the meeting,
will be able to prov1de us with 111um1nating think=.
ing in«this respect. + |

The time has now come, however, for the
engineer to be imbued, during his training, with
the importance of the environment as an integral
element in all of his design, operating and man-

We thus-look to you, through this meeting,
to provide us with guidance ori what action should -
be taken by Unesco, UNEP, and othef organiza-
tions, as well as by our Member States, to face
_ up to this new situation where environmental fac-
tors are becoming so impprtagt-iith&applic: tlon L
of séience and technology. You may wish tom
specific recommendations about cu -ricula, you
may wish to prcpose new institutional structures,
you'may wish to suggest areas where regional andc
international ?:Q-operative action is required, .
-~ 1 am pleased\to note the representation of our
sister United Nations qrgamzatlon as well as you
who represent other international organizations -
concerned with education, engineering architecture, !

importance to the deliberationg in this particular
meeting., /

I wish’ you successful and productive working
sessiops, and Ilook forward to yo‘ur conclusnons
and recomn'fendatibns.

v
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SUMMARY OF THE ADDRESS OF THE"DIRECTOR.

OF THE DEPARTMENT OF ENVIRONMENTAL
SCIENCES AND NATIONAL RESOURCES
RESEARCH . *

e . .

’I‘he Director ‘of th,e Department of Envu-onmenta.L.
Sciences and Natural Resourcd® Research, Dr,M,
Batisse, reviewed the overall Unesco programmes
reldted to ‘the environment. He stressed that
Upesco-had bgen interested il environmental mat-
_ters since its edrliest days, as shown by itspro- ,
moting the creation of the International Union of
the Conservation of Nature (IUCN) and its now
completed Major Project on Scientific Research
on Arid Zones, He then described continuing
areas of activity such as hydrology, mineralre-
‘sources, oceanography, and more recently the
interdisciplinary programmes entitled ' Man and
the Biosphere'' (MAB). He stressed thexlimita-
tions imposed by the Organization's budget, such

-

-+ cal fields,

that it was not possible for it to finance major
research programmes, but rather to.play a réle -/
of co-ordination and st1mu1ation of international '
' co-operative activities, In this wregard, he wel-
comed the ayaﬂabxhty of support "from UNEP for
projects i.nvolvmg substantial fi.nancxal expendi-
ture, such as regional training ‘centres in ecologi-
Mr., Batisse concluded by eﬁplaimng
‘v« that education tust be a majoy part of many en-
vironmental programmes, including the training '
of specialists such as engineers, arch1tects ur+
ban planners and other professionals such as
economists, and underlined. the need for educa-
tipn, for public understandi.n'g of envu'onmenta.l
“1ssues. - . N @




~

§
Y
. L

'\

.ADDRESS BY DR. A MANOS, REPRESENTAT!VE

OF THEEXECUTIVE DIRECTOR OF THE | . L,
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L"adie's'and Ge'ntlemen' v

It isa privilege to be here today -and to bring you
greetings from Maurice F, Strong, the Executive.
) Director of the United Nations Environment Pro— ’
gramme. . T
. This is the first Joint activ ty between Unesco
and UNEP at which our Secretariat is being repre-
sented. It deals with ohe of the subject matters
‘to which the Stockholm Conference on the Humnan
‘{ 'Environment and the subsequent two meetings of
" __UNEP's Gbverning Council gave great importance,
: The DPeclaration on the Human Environment,
drafted at Stockhom and adopted by the General
N Assembly of the United Nations proclaims that
*Yin the long and tortuous evolution of the human ,
race on this planet a stage has been reached when,
through the rapid acceleration of science and tech-"
ology, man has acquired the power to transform:
ST his environment in countless ways and on an un-
. ' precedented scale, Along with.it, the capacityof
man\to improve the environment increases with -
each passing day
The Declaration further states, in Principle 18 ’
the commiqn conviction "that science andtechnology;
as .part of\their contribution to economic andso-
- cial development, 9n‘nust be applied to the identifi-
cation, avoidance an'a control of environmental
risk and the soluti on of environmental p oblems

" .. . to Unesco and all the organizatio
" dévelop their activities in studying
novations in the tra1ning of specialfsts
« “My ‘brief remarks are not intended to" be a s
v+ .technical contribution to’ your discussions but’ tor.
. Bring'the "view from Nairobi'" in order to place
-them_ in the perspective of the UNEP prograghme,
5 The broad mechanism of man's impact on his .
“-'environment involves three levels, the govern-

“ . mentor decision- makers, the technical specialists e

" and the publie at large, It is easy to seé, that
SR ,‘ ‘'members of the engineering professions play a’ !
. _key rBle at e¥ch of these levels: A -
‘as public officiale; - R

; :?EK
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\ as technicians in’ their, respective fields, .

L vironment in several cricial capacities: .

+ the energy crisis, high. labour costs, short- o

" successful experiments that canbe phcated what

% structure of curricula? " Voo

A' engineers a broader perspéctive from whi¢h to

j solving exercls es. They can contribute a/great ;

Sk

e

“as enlightened\membe of the public md opinion i
‘makers, . ' - T

Professionally, they can contribut,e toa better en- - B

acting as ‘government officials they. should be abje: .
“to initiate public action. ds the.ones who drai't e
laws and regulations, - ‘Their studies will per-'
mit the political process to play with better

. » knowledge-of the possible alternatives; .. | :

‘acting as planners and'builders: of lnfrastructui‘e
they should be abie to consider ‘the consequences
of their workmalonger time perspective, wider |
space dimension-and from the’ points ‘of viéw of
. other disciplines as well; -+ :

acting as working engineers they should be able to B
"consider the implications of alternative technol- -
- ogles on scarce and non-renewable resources’ ‘

and be able’ to foresee, not simply respond td
outside, challenges which 'are posed € g

" -term:materials shortages and- others, L

If these rbles of the engineeringprofession are kept
‘in. mind a few points can- aIready be noted with )
gard to education and training, . -

The first is that the growing pre-occupation s
with environmental concems will create an addi-' K
tional demand for engineers. ‘Can one. attempt to
"quantify. this demand-in the industria.lized and'the " -,
developing countries and draw some conclusions St e
as to the training facilitiés required? . X s

‘Secondly, the trainingor recycling ‘of practis- 5
ing engineers and the wducation .of engineering .

What -~
hat are the

. students each. call for suitable, techniques.
additional research is necessary, .

» recommendations can this meeting make as to the B
Thirdly, environmental managem f WOlila‘ i
-'l‘ipve to be better; defined. In order to ) 80 UNEP
‘has.commissioned the Massachussetts Instituteof .
Techriology to study what are the various k8fes = - e
- which must be performed for effective epvironmen-
tal management and what are’ the bodies f owl- o
edge that underlie it, o K i
~-In conclusion, the problem we face is\to’ give |

see their wotk not just as a geries of problem .

e
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deal to a fundamental rdappraisal of values and
must take sides ori specific environmental issues

where the potential for conflict is high., Conflicts .

“will be resolved within the local, the national and

-+~ the world community, -always keeping in mind

‘that there are outer limits to development and
change that conditign man's survival on a small
planet,™

We in UNEP look forward to,\ and stand
ready to finance, detailed recommendations for

<

o e ) .
: R
.
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action that will stress not only the technical and
economic_components.in the education and train-
ing of engineers, butalso the effects of technology
upon the earth as a limited life- sustaining sys-

tem, its effects on human health and on the whole
‘series of imponderables that constitute hur,gan hap-
piness, nothingless - infact - than a marriage of =
the two cultures whichisthevery. special vocation

of Unesco. :

o




4 ‘applied sciences. o . '« a number:of you have played leading parts. Also, o
< .. . From the eafly stages of the deVelopment of _under- olxr Refgular. ‘Programme, we. have interna- '
Unesco 8 1ntemationa1 oo-operation activities in - tional workmg groups actively examining problems .'_ ]
LT the\(ield of basic and applied science," partic\ﬂ&- .-~ thatweregarda# priorities ‘such as curricula de- .
attention was given to the needs 6f Member §5tates + o gign, cq,minuing edu&tion and education industry
.in the field of en gineering education. During the " -co-bpeératiom "
50's decade, adv sory services were provxded to + . Talking new .more about the present let’me

:1 : creasing availabilit

X ket ‘ o~
L k A . ) - s . ,- i. R ’ .
 ADDRESS BY MR, ALEXANDER EUSTAFIEV . ° e A
' DIRECTOR OF :THE DIVISION OF * - o T P R |
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Isadies and Gentlemenp o " fellowships for the l\raiﬁing abroad ot national
A S o }e " ! ' teaching and research staff; laboratory, computer
The\ Assistant Dieector- General for Science has . and library £quipment; bibliographical ‘materjal -
already mtroduced you to somie featureqofUnesco's and Jin some instances, sub-contx:acts tor spe-
activities .in the  field of natural sciences and . technical services. Such inputs ﬂded tona- |
_their applicatign to develdpment, particularly. t ndl counterpart contributions in's buildings BT
as regards environmental quality préservation - and local figancing permitted to. develop a signifi- -
and the brgamzation s co-opération wlth the re-r - cant part olf%ihe institutional structure needed forn
cently éreated United Nations ‘Environmental - ‘this type. of educatioh in more than 504countnies ‘ -
Programme (UNEP), ., . ' . m atl regions of the world, " . e

. I'wish to br'iefly ive our disting“uished par- LN . In additien, international co-operat»ion activi-'
ticipants somé additidnal elements which 1 hope' ties in-thé,field of. engineering and :
“would be-useful’ for. their deliberations on the « " - \education under Unesco's Regular Programme et

. work of Unesco in the area of engineering and . :© have permittedto establish- direl;:t workingrelation- L
technological e&xcation and training. The”imple- shi s with institutions in practically all Member-. * -
“mentation of this part of the programime is the .-~ Stat g, specially developing countriés, Our ef- '
responsibility of our Dwxsion of Technological ' fortsto create and strengthen regional 1 mechanisms
Résearch and Higher Bducation, which.deals in h " tfor co-gperation in engineering education are an

-

“sthe broad field of educatioﬁ and research in the .important feature of this work and one ‘in which s

~ -developing countriés at their request and w ithin - . %ay that eng'lneering and’ technological educatio_g -" ,
" . the limitations of the available budget of Unesco. .. in the decade of the 70's is characterized despite
" as~well as of extry-budgetary resources -. for _continuing needs- for quantitative expansion = bya .
particular problem& in the expansionvand upgrad- crisis of quality, ‘of needs for itfnovation, under-‘
-ing of their systemjof engineering and higher
echnolo,g?::al educat®n, T
. The décade of thk 60's is' marked By the in- S
fto theOrgan;lzation of re-.
sources putside its own Regular Budget fro
United ‘Nations: programmes. ot; tephnical co~ )
operation, such as the present comprehénsive >t sophical impl ’atiOns, andhdem ding as. much in- o
. assistance scheme known as the Umted Natio 8 sightto come f@ém thg socio-humanistie discipiines
Development Prograrhme, * ¢ e S\ rom the. gci ntiiic and iechnical ones, - I think

N . Under such extra-bud etary ﬁnancmg Unesgo - 'is 80 HVQ',‘]; egause. tl§9e problems at the Dot
in response td the urgent demands: of Membér™ ' . same‘time that, ‘the human environment, " “ ]
tates - wasablggto launch and consolidaté a size- .~ concerning the edﬁcation and tr ing of human i
ble enterprise consisting of integrated projects o beings. Cor o s
/aimed mainly at the creation of new engineering * , . Therefore, I.wishdo mvite yqu )t}/give con- ok
7 arid other’ hié-ner technologiqjl education ingtitu- sideration among the factors: ot major importan &
o _‘tions/ and to the expansion and reform of existlng . in your discusq,ions, to- 'fact that the Organiza-'v
© v ones, . Membex\ States! institutions were thusablé - . tionlas e’t:quired experienc and ‘established Solid.
S to.receive: éignificant assistance in the. form of . pelations'of co-operation with govemments and
‘,”‘;,‘services“’of international‘ expert personnel 2 institution&f‘- ag I aJready saidg especially' ‘n

LB




n the basis of the efforts

nder our UNDP - financed '

d technological education.

has now eome for Unesco

M mber States forthe

g and} technologi-
2 . th enise th intro-
ductioh bt enviroyment al studjes cap be tn inno-
v?fion , ences,

PAFullToxt Provided by ERIC

.

,

The exxstence of our network of Unesco asgis- .,
ted eng neering and technological education institu-
tions co be an lnterestmg point of departure for
the any ctivities Wl’lch the Organization should

lundertake n the future,

1 am donfident that with your competent advi
such a Pr
ful espon

ber St

o[f tre Qrganization to th r)ee
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Annex V - .

- THK ENVIRONMENT AND _
- . ENGINEERING EDUCATION
" by L.J. MUSTERTMAN*

The enj;ineer and the environment’”

-

SN The growing concern for the state of the himan_ - - 2‘known Although those articipating in such:
wm hag an. inereasing inﬂuenqbe o na/ & studies should have a widé\euough general sci- - .
e / ture of the engirieer's responsibilities, C‘ nse- , entific backgrouhd multidisc iarity is more™ .
s quently the time perspective as wellas the scope ' . a matter of attitudes than of variety of-informa-
o -of his wprk is changing. Where in the past his - . tion. “One cannot consider, e.g. a teaching pro- -
-primary aim was the well- being of the present gramme for architgcts in which subjects as
! geperdtion, he will now also have.to,consider " . - biology, social and political sciences, preve_nt\ive '
" . ' his influence on the living conditions of future medicine, etc. are taught to be multidisciplinary,
. ___ . Benerations apd-eVen on the possibilities for however useful such a wide orientation will be,
mankind to offer its members also in future a - Multidisciplinarity requires that people from .
~ life in human dignity. ‘The insight has grown , different backgrounds learn to work together in ’
“that the interdependency among the consequénces the ion of specific problems. They must
of various engineering works and between these , - =~ be to listen so well to others that their con-
works and the state of the natural environment - " tribution will be well-concerted with the contri-
>.___~ is much stronger than was assumed in the past . butions from other angles ‘They should further-
‘-\\Rumours about unfavourable or unwanted env ‘ron- more be able to express their qwn viewpoint in
N mental conseETEnces~oLe,ngin\ee\ring activities ~___ such a way that others can easily grasp where
have caused the-general public-to-become "’xﬂt}:}#}d wi® connect. - This is not a very easy task. Often
critical about th€ engineer's activizties In almost, multidisciplinary teamwork results in super-
~ all countries of the world this public is better in- fléiality It is an established fact that most;
formed than ever before. The belief in the value people perform best when they workina relatively N
| ‘of the advises of professional experts has decreased. - narrow framework, aimed at well-defined targets. -
g . Each engineering organization will have to inform Professional university training has imposed for '

“*  the public on the en\?ﬂnle_n_tal‘gonsequences of p each different speciality a specific conceptual R
its actim‘l ¢ participation in decision- framework; those having studied a specifig: type
making becomes essegtial. J ' of engineé have been imbibed with a specifi¢

In considering the impact of the énvironmental methodology for ¢oming from obsenvational data
concern on engineering .edudation these cireum=__ * toa set of conclusions and proposals
stances- should be kept closelyinview. Theywill,. The existing trends towards more speciali-
~_ther'efore., be treated now more in'detail. : zation in engineering canriot be arrested. De-
- — . pending on his environmental responsibilities
; : Multidisciplinarity , ‘ . . . the engineer will, however, need abréad basic
R : ' ‘ , knowledge and the attitude necessary for multi-
Dealing with gelatively narrow areas of knowledgé , “disciplinary work. This attitude cannot be acquired’
as. separate entities has made great contribution®’ by listening to lectures, it should be exercised.. -
. torthe rapid ‘advance of technology. It has led, - " For this purpose material is needeqd for relevant -
however, at the same time to néglects in the case studies. The student from eachof thevari-
' consideration of interrelationships and of long- ous participating d1,scip1ines willhavetoprepare
term éffects. o his part before the cornmunications session be-
" The state.of the human environment is deters -  gins. The teacher who ‘acts as eohvener of the
> *" - mined by inany tightly interwoven factors. So-. | Lo L
" ciety responds to changes in these factors in a- * Professor of Hydraulics, Delft Umversity of: ,
variety of ways. The diagnosis of environmental . ‘Technology; Director, Netherlands Univer-
conditions, the prediction of the ways in which sities Foundation “for Internationdl Co-
! they are influenced by the engineer's.works and operation, .Den Haag; Director, International’

O he management of environment-related processes ae Courses in Hydrauljc and Sanitary Engineer-~ 3, R -
EMC equire therefore. concerted action from v.lriOus ‘ing, l)elft. Netherl'\nds N '
. ;

~




creased by suth developmen

Bastc enviromental subjecfs

: ! L ;
Participants in’ multidieciplinaAy environmentai

and principles from b sic disciplines as biolog
meteox;ology. geology and geochemistry They .
should further become aware of the nature of en- -
- vironmental risks by reading on a few cases of
unfavonrable"consequenees of human.actions. One
“ghould’ not ¢ engage howeve:L ‘in the formation of
a well-rounded generalist ag they ha\de existed in
the Renaigsance., .°' .-
". Very much of this basic matter phduld and.
could be taught at secondary level. As the en--
gineer's works may have a great impact ‘on the
environment he should kngw more about general .
environmental subJects than the average second-
ary school ‘graduate. ‘ L
- These basic environmental subjects/could be
introduced into the engineering . curriculum_in .
various ways. Muchwilldepend onthe philosophy -
. of the mdividual college. Some woiild try toteach.
these subjects ina form4l course 1nc1uding exarm-
: lnations Others would prefer to make them part
f a "general studies programme conqucted
rallel to the main course. In many.cases, it
“would-not-be necessary to coverallbasic material
in series of lectures. . Many, excellent and very
readable books have been-- published and also
public Lnformation media and the professibnal
press are giving good reports on specific cases.
One 'should strive, therefore, at limitingclass
| instiuction only to subjects that require formal
L teacﬁing because Nbonatory demonsirations '
2 or fndividual laboratory*work dre figeded. ‘

- Teaching basic. environ‘merital subjects' in the

}A_ . ‘first collége yedrs might be “considerdd by some

| _as being undesirablé because it interféres with

" -the formation of the miain subject. Introdaétion
‘of them at the end of the course or: -even m a
»spéctal post—graduate course will have the ad- |

)

"~_ the envtronmental subjects in the first years 3 will
-on: the d{her hand enablé‘teacheré tn the Vartoue

/ " m ‘
L At -
- v 2%

3 i RN

\"fen iro

" waters and the air have to be stu
' teams should be familjar with a number of facts =+

° cated problems in a
‘ widely applied to physical s stems and

"'done

.pphere i which .commonly 'social variables pls
" environmerital responsibilities would then need’

. best be assimilated ‘When'

~have to t

" awdre, of énvironméntalksues i
own elvironment.

the infornied Taythedi,

r K A'\ . i . N . ;b
‘A \\ g N ‘ .\ " , ) \ N
‘ : \~ N v K‘ : \\\ ,. ¥
‘% + gogsions sﬁd% & | In" many countries the scope of intro om o
and he should not try environmental subJects at college level could be
psfints upon the group.. One should no reduced after they have been better developedat
however, that an ideal multtdisciplinary g secondary schools. ., o ST
" can be formed. ‘ . ne ' '
The question would be justified whether this Systems concepts .t
multidigeiplinary work would not generate a new —a B Lt v
~ lnterdiacipltnary environmental science or te'ch- “For a future historian of science it would be an
nology. The history of typically int iplin- interesting task to investigdte in How far the
m sciences narrowly related to the enviro advent of the :electronic computer a few years
as geogﬂhy, ...shows how contributions from ore the world-wide aw ess.of an environ-
various angles have ultimately beeh welded to- menta cern is a mere%n e. _Inany n
' ether into a nbw iaclpline. \Vltth ut doubt new. case the co er has made possible investiga- BN
pecific en-~ “tions which contributed largely to our insight ’
_vironmental techn logies or to spe ific problerns that society might face an environmental erisis. ',
to appear in Marny environmental studies could. hardly be per- /
ecomingyears The need for all-encompassing formed without ompuger assistance, Predict-+. *
ﬁultidlécipnna environmental \studtes—and—. . ture stated of the environment requires the
actions will nof be feduced, put pos ibly even in- ion tech.ntques ‘Inthestudy -~ °

cation

k& ental systems variables and N
para etérs from nature and from society are'
simulaneously.dealt with. Pathways and dis-"
persian of pollutants in surface

The formulation and organi
rm fit f
has led to the systems concej Thi&has been .
R the [
anagement of industry. : Still much has ¥y be /
ore - systems analysis»willbe welIap e

able to enuironmental"sttuaﬁon -4n the publie -

a rOles

‘One can readily asspme that this willbe
the- Gase within a few years.

»The engineer with
sufffcient insight in systems analysis. b C
The ideas behind the sysfems concept can

. ~at-an-
early age. They should, therefore, belong to
first-ydar's colleges programmes together with :
numerical methods and ‘computer programming.
advanced applications can be studied later,
many engineering students who. later ..
e’a responsibility for environmental
management this will have to be foll?wed by

" courses in operational research and in manage- .
.‘ment methods. . -

Publie participation . . €

In dealing‘f th envirdnméntal matters. the en-
gineer shouldnot tak%a defensivé canservationist
attitude, bt have a’ mdre constructive’ posture. ’

- His ideas should, howgver, be accepiable to the : %
: general

prlic. He only be able to pbtatn ;
this oonsent whenhe sdcceeds in convincing others. =
NMembers of the genefalpublicare idwadays well
pertainigg to their. -
The ‘engiheér will*ofly be .
credible if e shows.tHat hié/has studied: the vari- .
ous -sides of an envtronmental issue and is aware .
of which intérests ©ould be {nvolved. “He should
Know how to phithin Partictbation-by bthers in .y
decision*&imkmg -ahd: he% to coﬁumintcate with-- )

. Textbooks ofteh deal with examples from“*
llmited part of the warl‘ﬂ particu]arly a few"

vy e



industrialized countries The eng1neering student
would widen his perspective and at the’'same t1me
serve bis community when he would work o6ut in
‘o e envir;onmental cases from his own: sur—
roundings. Classwork conducted in task-group:
of students teachers, and persons from outsille
the university'can increase the student's ability
to co-operate. Publication of the results of suc
‘}?Aes n readily assimilable form yvou}d consti
{it€ a sdrvice to the .community as lon, fas imbaly.
ances befweer various viewpoirits and
are avoided. .

I

3
v

" of theoretiqal knowledge of communi
niques, but f the right attitude. A sensitivity
for the desirés and the possibilities for others to

. participate can qQnly be acqui;ed by direct con-

frontation with the issue.

- .\/« .
The eévironmenLa.nd enLeering .
education T s

N R

—

Multidlsciplinarity. the use of systems concepts
——.and P blic participation belong by no means ex- <
clusiv ely\»to\énwronmental managem nt. They

are applied to a’ grrowrng\xtent in af variety gf
engineering fields. Adaptationoffe
“qurricula - to. environmental requ
rftike them at the same time mare gpitable
ther needs felt by modern soc1ety ‘It would
be worth while.to. z introductio

‘-"fof the .above 'concepts in a sp cific - curriculu
n!ir
mental aspects but also the main engine x;i g

«

could be adapted*toiserve..no,t_ nly the e

signed.” One would also have to consider /how
~far. the division of engineerlng into specific pro-

ﬁssionakgroﬁles\ hich have been generatdd in

.

" an ongoi ocess thal-lasts already for 'more
than a century) would be in 1ced by such
developments. \.\ ‘ /

Types of environmgatal education
at engineering schools

Engineering schools would be requirf/ed r
enyironmental educatlon for the foI}owing pur-
poses:

1. Creating an awareness of th environmental
issue and of the possibilities to deal with environ-
mental problems in general ‘3/'

2. Giving the ability to deai, with the environ-
mnental aspects of subjects b {longing {o the cur-
riculum of a @pecific engin ering programme.

3. The education of specialists in env*ironmental
techniques

4. The educationof speciallsts in env1ronmenta1 )
management. :

1. Every citizen should be aware of the re-
, lations of his community: and its members with
~ the natural environment. . These will be deter-
mined to a large extent by social and, cultural
" variables. ‘The higher the educational level is,"
the. wider should be the Scope of this awareness
_ and the greater its depth. ‘It is not just a matter
~. ‘of teachin more biology or socio.logy but the in-
?}ivi«hml should get a clear view of his plum in

v

\

[ >
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" the world, of his possibilities to contribute to

bilities to, avoid environmental damage.

\gense ‘of psychological

/. with the adaptation of the conten ftheir lessons.
- 3. Specialists in environmental te I g

8.
environment the ap iculturalist#/isnoa cﬁﬁhﬁ
—8 heenvironmehial specialist "par excel-

" work together with engineers as environmental’
_technologists, specialized in monitoring and

" already been published in recent years on such - )

+ sphere.

‘nomic and secial variables, standards related

'@

dor education in env1r

o

the well-being of its citizens and his responsi- ’
2. ifi'the consideration of environmental
aspects of various engineering subjects, one
‘would not only have to cover additibnal environ-
al protection techniques but one should also

Transport quan-
inished by using

‘egses, ‘but alsb the desi of engineering prod-
“udts in such a way that t jey contribute to the

nd social well-being.
nstruction dnd manuf ‘cturin, procedures.

- shotdd be chosen which cause less noise. dust
and waste, . :
Textbooks and manuals in engineering should
as far as possible ‘be adapted to environmental
. Tequirerdents., By a well—prepared information
‘progrimme engifieering teachers canbe assisted

are trained at various institute r the rural

for the forester in the
anment. Schools "of
ve a eady understood
respectiong-ago.

¢ same holdm
€. natural eni
Aand forestry
sibility in th{s

lence >
case of ]
agriculture
their respo
Specialists in water
mar%ﬂgementhave,already een educate fo
than half & century under the name .ofs'
engineers' or "environmental engineers .
centlya few programmes-hay. _star
at the education of biologists and chem 8

analysing water, air and food. In most cases
envirohmental engineers and technologists are
educated on post-graduate level. As much-has,

programmes, they will not be discussed inthis
Xy o ’ .

4. .Many engineers would be called upon in
their career to become environinental managers, .
although this task would riot be exclusively, inthe «
hands of-engfneers. Industrial management tech-
nigues are anly partially applicable in the public
" Special programmes for environmental
managers . should, therefore, be- organized.
Such programmes would encompass—techmques
of qata collection andeprediction, study of eco-

.

to the susceptibility of man, and other partg of .
the biosphere to environmenta.l changes and~
abovg all “fays in which optimal solutions could
be obtained. , Furthermore, environmental leg-"
islation and: administration would have to-takean -
important “place.. It will be necessary to follow
sely the experiences gained with a few such
grammes that are already being organized
and to try to organize a few more pilot projects
onmental management,
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L ' WHAT EVERY ENGINEER SHOULD KNOW ABOUT THE HUMAN ENVIRQ)/IENT

1.” The earth - oo , ' 11. Man's relation to ‘nature
Theories about the early history .of the world. " Principles of ecological balance between various
The origin® and changes in' composition of the living “'species. Irreversible. . changes brought
- atmosphere. The various élements inthe earth’s - about by man. His parasitic diseases
crust. ' , o, N 5 ; .
o ETRR T 12. Man as a user of resources :
o 2.0 The energx cxcle , , ' o 7
. R & ) ' ~ " Expone lyincreased coi'rsumptionof resources
s ' Units of expreesing energy 3018!‘ radiation and *  causes grow transportbrid exhaustio of known
reflection. Conversion of energy at the earth's © reserves;:
S surface. T - - v
N : 13.  Man as a pollutor—.." . L '
3. ThE*atmosphere T \ - o o
T o : B Excessive discharges of degradab‘le organic ma
Nature of the various layers in the atmosphere rials. Introduction'ofsynthetic organics.- Srpread-
and the stratosphére. Hgat circulation. Winds. ing out of what were once locally concentrated
o : S o ' : organics. Influerice of these pollutants on the B
4. - Life on earth ' w . . atmosphere, oceans/ lakes ‘and rivers. !
- e , _ . -
¢ The metabolism of protists, animals and plants, -, l4.\ Inequalitieg in reBource distribution
"~ ¢« particularly photosynthesis and resptratton The i T o P
“—-——evolution of life. o —— The distribution of natural resources over the’
. . : ‘ N / — . . edarth. Their'exploration, exploitatipn, trans- -
. 8: Material cycles . . 4 port &nd valorization. ' Ecological szsequences ,
\ ' \ / ¢ of the unjyst ditterences in opportunities toYraw
The most important material cycles particularly - \& upon.the earth's resources betweerwﬂm{ 8
those of nitrogen, carbony oxygen, hydrogen, of the world's popuTattor\ C 5
phosphorus and sulphur - . \ & T
. I ' 15. Man's habitat \
. 6. The water cycle S \ , - ” s
! N . Physical and psychological needs for shelter and.
Pk'ecipitation, eVaporation run-off angd infiltra- privacy. Homeéostasis.; Ventil tion. Housesas *
tiom. Ground waters and surface. wate%ﬂ 'shelter for the pa/ui/ites ‘of man.

- ekt
R

L. Minerals Lo = ‘ 16 Human‘s"e”t’ﬂW R
The concentration of specific minerals andhydro-- .- Settlement pgj,tejm's’ftheir historical political
.carbons at a few.places onthe earth. The notions: ' geomorphological and-economical ori%ins En- *
"« reserve, resource and resource base; Posdibil- - vironmental considetations in planning.. Needs °
\ ities for prospecting and exploitation ‘ for integrated regional planning : \\ -
\ 8; Soils . T S N 17 Water pollution control o
Some principles of geochemistry Origin and\ ) Properties of natural\\a‘tersw 'lsrinciples ofm,,‘
nature of soils. - Soil degradation rerosion, sal= .. - collecting liquig wastes. Breakdown of organic
’ination and lateritisation. S - wastes by treatment. Sludge disposal Non-
. oL ’ N organic and mdustrial wastes, . L ¢
9. Settlement by man- ) i g '
e AL v 18 Air pollution con L T .
°The history of the se’ttlement of manOn the earth Do ' el e
‘aga process oiincreasing specialization gather-- = The composition of the atmosphere “Sources. of .
ing and hunting, tishing, agriculture, trade, _ air follution.  Health consequences of/ah:gonﬁ"
tranﬂpoz‘t.and industry. . R tion, Possibilities for prevention R
lO.kGrowingp_bpﬁlations T w*“""' A . B :
SN RelationbetWeenepecializaiionofman*sactivities"‘ ST e PR
“and’ population g!'owth. Limits for population D T e S SRR
* density given avatlable resources and organiza-~ - - . .0 e e Do e
ttonoi community. ST . L - B N sr )
: ) . R VST I : e ,‘_‘_,:\‘ L co ;"\‘L A /
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©put it well; E \
"All technological innovations, whether con-

- might as successfully leash the win

. desirable 1n _princip

.

. } e
ENVIRONMENTAL CONCERNS AND THEIR IMi:LICATIOIg FOR EDUCATION(!)

\

1

N "Relevant” is the trendy, word in educational cir-

cles in most of the indusfrialized countries today.
'For. the remainder of the world, in Asia, Africa
and Latin America, the word might be "develop-
ment'. * They are but two sides of the same coin.
Environmental concerns are certainly relevant -
today and they have an inextricable relationship

" .-with development as well(3).

Environmental degradation has been attrib- .
uted to development - ‘put development has been
responsible for environmental enhancement as

-well. “ The environment can no‘morébe preserved

inviolate from people thamdthe surface of a still
lake can remain placid when stone is scaled”
‘across it. The ''consérvationids'l who would
have us avoid upsetting the "balafice of nature' °
and‘the
‘René Dubos (1965) in his Man. daptin

‘waves.

‘cerned 'with industrial agricultural or medical
practices, are‘hound to upset the balanc¢e of nag
ture;  In fact, to‘master nature is synonymous
with disturbing the \natural order.  While it is
Ye tg\maintain the 'balance
of nat/ure' itis not easy to deThe the\operational

* meaning. of this, idea. Nature is never in a static

by Daniel A. Okun(2)

Q’;

, \

\

transfer of téchnology from the industrialized

‘countries to the others has often created more

*problems than it has solved, for the options
- presented are options that are foreign to the
' people whom they.affect.

Therefote, in evaluating educational needs -
for environmental management, sharp distinc-

_tions need to be made between the industrialized
anddeveloping countries, and sometimes between v

’ different societies in each céuntry, which may

_and in depressed rural areas.
" perceive these exceptions has’

{

-

- equilbrium because the interrelationships between i
" its' physical and biological components are end-

lessly changing. Furthermdge, man placed him-
self apart from the rest of nature\when bhé-began
to farm the land and even more whén he became
urbanized., The survival ~Jet alone growth, . of
his co plex societies implies that he will con-
tinue tolexploit and therefore upset nature. The
em, therefore, is not how to maintain

- . favourabl for the ‘human species

, f_.information as to the ma
their effects,

- the social scientists, who-
i inents ‘and institutions for assessiiig theéepptiohs

© 1 “with the-mass of people of his own country.:
B 1] not difficult to understand therefore, why the

This ¢harge is manifestly a mandate t'o"qdu-
cation, to the educstion of all sectors of all' popu-
lations: the profésgional environmentalists, e
gineers and physid\al ‘Bgien sts, -who ‘provide th
tions available and

.and detrimental;
"evise the ‘insgru-

-both benefici

and implementing them. and the people. ‘who must

* in the Tinal -analysis elect from the options-avhil~

able based upon - their society '8 goals. o
The engineers and the scientists’of the worl\d
speak with one tongue, the people | of the.world.

- with many. The language of the engineers and’

scientists is a. -language born of Andustrialized

. ‘society, and while the people ofthedndustrialized

tountries may hope to understand it, to most of

- the. people of Asia, Africa and Latin America, i
ds’ gibberish The Indian ehgineer or gcientist

has far more community of interest, and spirif,
with his colleagues in the United Kingdom- than »
it”

ot . . r

best be characterized as rich or poor. In the’
industrialized countries, the qualify of life and
the availability of the fruits of industrialization
are not much diffesent in urbanand rural set-
tings. Exceptions do éxist in’ the\United States
of America, for example,

to frustrate the environmental‘
typical question:
Harlém (in New York City),.living in squalor, _

. be concerned with the quality o water in- the
nearby Hudson River, a river thej seldomm see -~
.\ from sun-up to sun-_down?‘"'l?fthec nservdtion

renvironmental 'movement" i of little interest

-how much impact is it likely to have
of developing countries who are in the vast . -

. maj rity? : S i

»

_trate ‘the point..
city of\a large country in Sout,h America, hewas

‘recent experience of the ‘author may ‘illug-~
On'a fecent JVvisit to-the capital

invited\to address a lay "ecology"' group, made

: up of leading intellectuals® of-the city, ‘and the

séientific
sources.-

\ The chief question raised in both groups_

why should\ the blacks of -

staff of the. Ministry of Natural Re-

to some péoples in the .United States of America .
n\e poor .

‘concerned,a recent government decisiontoauth~ .~ -
' orize the 'purchase’of a- plant:for manufacturing

hard detergents.  How could this be Justified .
they agked, \in the fice of the fact that hdard de-

‘tergents had virtually been outlawed in Europe

and the United States? - Thergwas not then, nor

‘was there likely to be in the near future; a single. '

W

biol%ical wastewater treatmentnplant in their
country. Making a detergent biodegradable in- '

volves greater. cost, buthardly any!| benefit accz‘ues

‘where no biological treatméntis available o per~

form this biodegradation A SOt detergent would

For presentation dt Unesco meeting, "En=:.

<

@
3

-

K

(1)
ing of Engineers', Paris, June.1974. .
(2)

~ Hill and Visiting Professor, University
.‘College London.
(3) Howevar. we must _not 10se sight of the fa

vironmental Aspectsﬁ‘i Educationand Train~

that education for education's sake; to pre‘-r N

Kenan, Professor Environmental Engineer- -
ing, Univérsity of North Carolina at Chapel :

2

jserve, enrich dand pass on the legacy of the ..

tionﬁ’l develo'bment R

‘pastin ldterature, the arts and philosophy. '; o
is also rélevant and &ssential to sound na«:.

.
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impose a cost burden on all who use detergents,
rich and poor, in cities and towns, with no dis- -
cernible beneﬁt simply to.be in environmental
"feshlon"

r, «

The enviromx;ent ih mdustrlal societies

-

The "great environmental awakening Just ‘as
the "great sanitary awakening' more than a cen-
tury ago, is a product of industrialized society.
The litany excoriating technology for. destroying
the environment is, Jfar too long, ted{ous and well
kn\own to even attempt to recount here. That
.much of it has merit.does not make the sermon
more enlight aing as it begins to repeat itself.
consciousness resides in the
ant of the industrialized coun- .
le of some of these coun-

.

gaged fo. the mdustriall d society as a whole.
Even those"not so affluent h ve become concerned
their environment. . Lel gthening age spans,
™ accompanied by earlier retirément together
with more leisure time during one's working life
in the industrialized countx/-les have encourage:
" people to exploit theéir surroundings and to de-
mand more from their governments in.improv-\ .

" ing their environment. . '

Protected from’ -disease and death at an early
age, people in~the industrialized countries now
‘live on to succumb to the ‘chronic diseases. ' The V'
rOle of environmental 1nsults, mcludlng the long-

) term effects of low-levels of trace chemlc.als to

" which people. in the industrializeg¢ countries are
exposed needs evaluation. The environmental

- monitoring; of trace’ chemidals is costly and dif-

* ficult, and the determination of their epldemlco-
logical significance most complex. Chemists and
epidemiglogists are understandably loath to \enter‘
upon spch investigations. ' The. engineer, if he is

- educated to understand the /(ssues, will articulate

) problems because he needs the answers, and thus

‘—... - The need to consider the environment and it
hnpact on-man- as a unity is becoming daily more
evident:
gas cylinder increases
are compreSsed into it /‘so ‘too):

" might be the catalyst for initiation of the studleg '

v

Just as the pr ssur ‘on the shell of a
mone molecules of gas
the pressure on

: ,the inder is heated th molecules move faster .

and the pressure iricreased to a\point at ‘which -
\the cyli.nder may burst. So, too, péople have

been i.nvesteth higher velocities and with

more efiergy than they may uge intelligently..

- 'The result, great stress; on o r_environment

and action stress on the people init. = .
¥he promgate use of energy, exhausting the

B pesource Tas- it pollutes the .énvironment; ' the:
\\-". _.despoilatlon .of Tand résources by uncontrolled

land speculation. for’ gr0wing .popilatiens; poHur. - ‘;'3

" tion” of . the getis. and oceans;. 'the increasing
cacophony al environmeptal insults. in’ urban’
communities;,” challenging the: quality of ‘life; .
sate. ete. ‘cannot :be dealt with simpllstically
'Soluttona requtre the talente of a wide variety

:»:ENC
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of disciplines. -And, in the fashion of the day,
educational institutions in many of thq industria-
lized countries have begun to respond Little
Justlflcation for a commitment to the nv1ron-
ment of the’ developed world 1s requlr d and none
is offered here. .
. In fact, in the United States, the eflucaftional
" response: to the fashion has been typic

"go-go" attitude, to take advantage of

cerned government
mental'! courses - environm
mental économics. envix"onm

have sprung wp overnight. Exhaustlve and X=
hausting catalogues to this new enthuslasm '

" available. However, many. mstltutlons were\ -
slow.to respond to this new "glamour" field -

. cqonservative, old-fashioned faculties resistin
the blandlshments of easy relevance and easy -
-money. ! Ty
As in all things, moderationmlght have beeéR”
‘best. Youthful interest has flagged, and a fin- "_ _
‘ancially embarragsed government has wlthdrawn .
“its support. Some programmes have succumbed
Others, more slowly and soundly built, based
‘upon a tradition of environmental concern\extend-'
ing back half a century,: are today gources of

strength to the society.” .

This paper-does. not explore the alleg d dis-
astrous envlronmental consequences of rampa.nt
technelogy and population growth. - "Doomsday"
volumes have appeared in. profusion and joining -
the debate here. would serve no usefu‘l purpose.
Some 1ndustr1allzed) countrles ‘over-peacted,
with laws. and standards imposslble to implement
or, Wwhere ‘possible,-with costs -to soclety not
.carefully calculated.

2
1.

that a proper, . if precarious, ‘balapce will be
attained. - More ‘' important,. the in¥§strialized
countries have spawned large numbers of envlron- :
mental interest groups th hav,é often been a
match - for .predatory . in ustrlal orgamzatlons.'
".On the other hapdf the envir nmental consequences
of progress in the e elbping countries .are
scarcel,y ever assesjed by eitherthe government '
le ding agenctes, e

Tlle envl onment,j.n dev loplng\;:,

\ gountries \ S

The ’proble s of theohuman envlr

: clearlyevidentinFigure 1 (Bryant 1969), "
- the health problems of the developing wor re
: ,pt'tmarily -the. infectious™ dieeaSes that - resul

from a hostile efhvlronmenb 5 ma’laria tubercu-“:* ‘

o ‘losie. dlarrhea and dyaentery, and environmggtal -

However, the pendulum.is. . __ "~
\ beginning to, swing~back and it appears/llkely'
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“of the order of magnitude: of these infectious

" diseases, all'of which, except the l¢ast common,
leprosy. are directly related to envqunmental :

deficiencies.

®

" Illustrative magni'tude‘s"o_ffinfectious_ diseases

(Order of

magnitude)
* Helminth (worm) infestations 3,500, 000, 000
Hookworm 700, 000, 000
Schistosomiasis 200, 000, 000
Onchocerciasis, 40, 000, 000
' Tuberculosis 40, 000, 000
" Malaria . , 25,000,000
Leprosy : 10, 000, 000

Trachoma (w1th 1% blindness)

"EntePi diseases (intestinal infection plus mal-
. nutritio%\occur as repeated epxsodes in over
half of the children in developing countries.. To-
gether, the ‘malnutrition/infection combxnation

e accounts for approximately 15,000,000 of the total -

30,000,000 children under five‘years who dieeach ’
year" (de Haas, ‘1\9 7. g

- . Inan excellent eview of the ”l&ey problems
"impeding moderniza ion of developing countries
Howard (1970)- states ""The pollution of soil and"
water -with human wast

tamination of food and\ d ink, produce infection

Y which,. in combinatio W hmalnut)(ition lead to

. On the other han
countrtes the health prdblems are the chronic
diseas disgases which appear in people pro-
tected from infectious disease.

In hls classic work Asian Drama

the largest single cate g&y of disease in children''.

, and the\subsequent con-

400, 000, 000~

1

ES

in the industrialized .

g,An Inquiry

into thé Poverty of Nations, Myrdal (1968) states
Tthe greatest problem of all is perhaps the dis-
posal of human waste’',
- ‘Cholera is endemic in lndia and Pakistax‘x and
according to Myrdal: '"The inc,idence of other
. waterborgre diseases, such as typhoid fe\ver
dysentery, diarrhea and diseases caused by ‘in-

TN testinal parasites, is extremely high throughout

. South Asia® Most peoplg.in the region suffer.

chronically or intimately from one. or more of

. these diseases. The high rate of infant moxtality
\ts partly due to the prevalence of diarrhea\ and
™~.__ other waterborne d1seases but aside‘lfrom cholera
““diseases in this category are rarely fatal except
in early childhood ... The only effective ‘way to
ight all of these diseases is with 1mproven|ents
' in-Sanitation and hygiene". +
.The
environm ntal deficiem,ieq ag exemplified by
water, ag first in importance in the world's
health problems, and populatidns are growing
in the. dev”eloping countries” faster than in the in-
dustrializen] areas, More ‘signific .mtly, the mi-
gration of RO lation from.rural to urban areas
~in the develo ng\countries is increasing’ rapidly,
" much more*raptdly than has been anticipated.
“Latin A\merica wh re data inay be more reliable
than in Afri ica or the followirng is illustr a~
‘(l_VG‘.. (Wnlm {1: 1 ei? al 7") \;

P

rld Héalth Assembly in 1966. listed -

Y

1

.

£2

n’

3‘f

. than on

. city in Asia, Africa. or Latin AmericaJ

. least adequat'ely« protected of al_ toy

“fed; he. 4s without inccess”

v ‘ 3

- o LI -
Population in millions '
‘ . Rural ' Urban Total
1961 population 107 ' 102 209
!971 population 127 L 164 291 |, .
% increase “w  18.8% - 61% ~ 39% », .
1971 population. - . N
predicted in' 1961 131 -149 280

In an excellent paper on "Disease and develop-
ment in Africa', from which much of the content

- of this paperas related to Africaisdrawn,. Hughes

and Hunter (1970) state: / "Urbanization is per-
haps the most éalient social and economic feature
in the life of Africa today. While populations of

. African cou ntries are doubling in aperiodof from

25 to 40 yegrs, African urban pgpulations are-
doubling in less than 15 years. In Senegal, the -
towns have increased by more than 100 per cent |
in a decade, Enugu, in Nigeria was an empty |
site in 1914 and now has a" pOpulatiOnxof more |
than 80,000; ‘fbadan, aldq in Nigeria,; hasg treb-

led its population in 20 years. And much’ of this
population concentration is pa{:ked “into thé peri-

urban fringes, slums and shanty towns!' :

In an excellent review of '"The expl\»}ding
city'", preparatory 'toaninternatio al conference
org%nized by The Sunday Times (London) (1974)
ard Yhe United Nations, in April 1974, the 12
faste%t growing large cities in<the world are
listed}) all to more than double‘by the 1980s.
These 'gitles, nging in size now“from more
to: almost ten milliq-:l, are a ln\Asia

I

Africa ahd Latin America. {It is estimated, that

60% of tht 2,000 to 8,000 million additional popu- -

lation to ihhabit the earth in the next three % -

ades will ‘, d their w y to the burgeoning cit :

of these thr e contine%:s cities which todayc n-

not provide he basic facilities necessary tosug- \
4¥H~‘

tain life. Even one of the largest and, mdgt
wealthy of th se c1t1es, Sao - Paulo, prov1des
water supply to only about - half its population.
The signif.\cance of this rapid urbanization'
on the environment is evident to the most casual
world traveller, even as he goes from the mod-
"ern airport to his modern, hotel, 'in any large .
‘The
situ\tion has been graphically desgribed by the
‘World Health Organization (1960): "The influx .
of immigrants into the-to ‘Towns. leads. to overcrowd-
-ing, -which in turn produc\es water shortages
'ovenloading of existing sewage’ disposal systems, v
th.e.»creat,\on of, f;:esh sanitary problems in towns
vﬂthout sucﬁ"systems -and the risk of spread of B
.infectious dfseases. The rural 1mm1grant is the
fdwellers,f‘
from, the standpoint of environmental sanititiof
because of his poverty and his ignorance-of the .
ways of the town. l[e\Ls poorly ] housed and badly
.2 wholesome water
supply; his pérsonal hygiene\m -of the lowest
. standard banitary pieasures seem toFe designed
less 'to protect his health than'to pr;éect the-town

commumty ‘om’ any 1nfectio ht carry. -
His attempts o.carn i llvmg ‘by king foodand ' .»
‘drink, for ex‘m_uo.‘ .ne frewned ypon®. His very .
presence in. the to \vn is discouraged not nly by

35



i the health authorltles but also by the polic‘e. ‘He
ailyto Yook for employment and the ovefcrowded
uxsanitalry hovels in which he and his fellow-
immlgrants live form the peri—brban slums, the
'Bhnnty towns! of modern Africa. -

" tary aspect Engel's description of the. Manchester
alums in 1844 #s applicable to these shanty towns.
Sanltation is non-existent, and open drains run
down-whpt passes for streets.-
built of ud and wattle, old packing~cases, or

. kerosene tins, with tattered blankets as doors.

. Childreén crawl among the uncollected rubbish or .
in the drains. Water has to be fetched from a“*
pump,” well or tap, .and may be contaminated.
The atmosphere is unlikely to.be polluted, as it
was 80.often in Industri.al Revolution ‘towns, “and
" the warmer climate leads to life being sperit ‘out
of doors to an extent not possible in more north-
erti latitudes; 'but.the climate also encourages a

N vmt number of flies and mosquitoés and; n
. “plfces, the snails which transmit bilharziasis,
~ Occasional floods convert the ground into.a quag\
mire, Malaria, “the diqrrhoeal diseases, ‘tuber-
culosis, bitharziasis, ang the helminthiases all
abpund.. Malnutrition is dommon, with its train
ot deﬁciency diseases an kwéhiorkor The des-

« truction.of tribal traditions and the general social
o disorganization lead to aldoholism, prostitution,
o andvenerealﬁd’isease, and mental disprders are

frequent.. Myrbidity and mortality areboth high, "
-\ . Theurban centres:in deéveloping countries®
s, also have th ir environmental problems ailrr
pollution 4n Rio de Janeiro, traffic prablems in
angkok ‘inad (quate sewerage and drainage in
Jakarta, and un pendable and unsafe watér s.upply
almost everywhe ¢.c These cities.are like ar-<
nlvals - initially ttractive, but a cloger exam=-’
ination reveals gr
The necessary infr
\ urban deveIOpm nt.,-

.

seem-little different from
those in the-cities of.t , industrialized countrles,
several factors distinguish them from similar '
~problems in-the iridustri }ized countries:

ln dltveloplng cduntrie

B

~ valent in developing counfries,”a breakdown in_
the infrastructure canbe ca amitous For exanmle,

situation leads- to new outbreaks Q_{
e..dlaease;‘ i

msutunons to deal with sich problem N
" institutions are ‘only Tow be)'.ng created m
tidustrialized cotntiles; -

(4) the develop

- t6' de&Y with thée complex urban.
- probleins beldom reépdnsive to, sim— :
olutio' 8. e

\‘3_5 ccordlngly settlen outside the town, entering it ,
From the/sani-\

The sharties are .-

e and grubbiness unde*i*ne th.
‘trucm’ﬂ has not kept pacte

While some of th problems of urban*centres‘

(1) Because infectious Uisease is far more: pre-’ T
"« + ing 80 per cent i.nfection rat'es.\ . TR &

- sigedfacilities; inaninifustglalizedcouxitrycauses .
s Zgnﬁ;?:nmconvenlence \lnadeveloping coun- K

- [ with filariasis. - = = RS
- * . Item:’ of-some 70, 000 éxamined in Upper e

‘, aﬂﬁéwcr. or the eduta onal re‘sources to’ credté"‘,

This situation has been recognized by the Pan -
‘American Health Organization (1969), the World
Health . Organization Regional Office for the °*
Amerlcas, where the ‘shift from developing .to
deveiOped is beginning to occur at various points '
in the hemisphere. * .
"In the years ahead “the governments wil .
have to cope with environmental problems of
greater magnitude and complexity. Advancing ) .
" ’teéchriology will leave in its wake a'more sophisti-
cated array of human stresseés.. Environmental
-contaminants will increase and will broadenfrom =
- 'microbiological pollutantg to those havingthelt o
origin in chemical substances. Long-term ex-= 1
‘posure to: -toxi¢rsubstances will be more’ signifi-
‘cant and more difficult to dlagnos with wide
_Beparation’of cause and effect. ’l%e growth of
cities will aggrayate problem of traffic conges- -
tlon,\gccldents and noise hazands. \Population T
densities and ‘poor: hOuslng will\increase the
hazar 5\ of communicable diseasgs and problems o
-of mental health. In industrial c mpl xes, occu~  \
pational \ealth will require more 'oc'u ed atten- K
“tion and Kmedlal measures : ; ’

,

Challengek to the rural envzronment Wl
in developing'cOuntries ) o L P N

I
Just as Myrda\ll explores the Asian drama, 'Kimble
" (1960) identifies the actors in the African drama:
v M'In the 'Afric social drama sickness has a
-strong ‘clatm to being arch-villain, It i6-bad
enough’; that a rjan; should: be ignorant, for this' . \
cuts him off from ({ommerce or other men's minds. o
It is: perhaps worse that'a man shouldbe poor for
this condemns him to a.life of stint ‘and schem- '
-ing, in which there 1is no. time for dreams and no -
resplte f;gm weariness. ‘Butwhat suRelyis w rée-
is that a man' should be unwell for-this prevents
1 his doing anything much about either h g poverty o
: qrhis igriordnce. " (\
: Hughes and Hunter(1970) catalogueth myrlad| SRR
disease, - all ‘deriving from an- ehviro R
< allowed to run amuck, that afflict rural Africa. =~ "
' Item; anave rage oftwo infections per person. - S
Itetn:’ schistosomiasis (bilharziasis) affects L
half the population, ‘with some districts exhibxt- S

S

' " Item: ‘in some rural areas, morethan 80 Cr
" per cent of the children harbour hookworm in- o :
festations. -~ ¢ nre ] : TR

Item: 'in some rural vﬂlaged on’ the Congo, ST
‘more than 65.per cent of the,popﬁlation/afre\u\l\ o

Volta, the inalaria mfection ratg’ was 94 per
cent, .~ Ce Ty : :
Item With E: malaria mfection rate of about ,
.50 per cent’ génerally. the rate in“Tanzania’ 1615 "
children under Qhé age of ‘five exceeded 80 pe

v; cent. oo N R

" Not pnly are’ these infections ’débmtahng
. \theh' own rights biit as Chandlér (1957) potnts *
bgt a‘heavily parasitized indlvidual neéﬁs mox‘e B
fOOd th aHréalmype BON, [ AT TR
, Jt has beeh estifiated that control of enteric ‘
, disease of environmental origin in India would
have the éffect of mcreasing the food resdurce




‘,by 10 pex cent an amount th'\’f mlght wcll be th\e -
differengc betwco\n survival and f‘nmne for a sub-
atnntial segment of the populutlon .
Unt‘ortunatelv, developmaent projects. . par*-
" ticularly those initiatcd\and execated by the in-
dustriatized cobuntries iN so-called "aid" pro-
grammes, dften exacerbatyrthe sityation. Hughes
and Funtefhave sunimarizdd the types of impacts:
) -affecting man/environ yental rélationships
’ wmch" while they may not in\ull cases be part of
the explicit g,oal of -any given development gcheme,
are nevertheless involved m&he course of the
1mplemontntlon of the schem \side from ma-
jor purposes, abstractly st.lted (e\ g. 'to raise
agricultural productivity'). what ot jer kinds of
changes often come about under- the \iegis of
tdevelopment' which have obvious reb vance to
health status of thé population® ’
(1Y overall'changes in m?
ships (o g ‘\vorking in new. fa

‘ dmons
zoonotic ‘uma) s
C(2).increased pQ ul'ltlon movemen
au(l conc entmtlon ((.kg

'

opportumty such as mmca
electr ictor lrmgatlgn propcc ts; r-elocatxo of
‘communities. ete.); : -
(3) change “in pattmns of wlttu flow and use ‘
{e. g.-building of irrigation schemes, dams ajd;
ponds; . uSe of polluted water- reSOur
sanitl rbd fuu\ overcr owde(l tow ns)

* ehudation Vol landscape)
5).changes in micro- environmental (,onchtt
\&\ (esxg. changes in housing, nughbourhood i
settloment patterns; in house style and materidls~
of constr uction; in locationwith respectton\odes
01 Udllb[)()l tatxon sources of ‘water, akmsmen
.\\ etc. ): o B
(6) f,htln;,u, 1%1%* systems and social sanc-

S

©

txon dystems (e.gNgonjunctionof altérnative ways
llle .in urban envicgumenty —-or socially-
hetero;:enc(,us population, «s in-la e-scale eco-
nomic schemes; the erosion of tradit
tenTS‘m"(‘:Gﬂd-LtLOub QLL(.onmmc clepmvat on/
'T}‘~-~— in urban slums,”etc. ' A
L !hcy go on to. descmbe Several such pI'OJectS
MI'heGezira .n'f.l of the Republic of the Sudan pro-
v1des a particu ar”lyngood example of the dangers _
“of lack of ecological loremght -Phe welfare and
: : ptO"pCllty of this area is bxgmhcant to the COun—_
L o ¢ try as i wholebeeause . ‘the Gezira provxdes .
- \ nearly one-third of the, totalxeverﬁe of the country.’
Beforg lS)’)r '_h_e people of (.ezxr.l lived, under

: ».‘ pmmltl\'e conditions, dependent wholly upongrain . ,-.b_‘

\,\cumv.itxon (mostly n’sillet). Drinking water was -~ . <
Jgcarce and drought was comriron. In 1918, ,work ¢
hegan on the dam at Sennar and.it was completed :

W alter Wor td War’t. . With the, completion of the :
‘irmg.mon works, cotton tvas plnnte(l and ylelde(l

Lo .lbun(IdnLly " Prosperity came to the region. e

: /\pplonmately three yeax*b.\ltu the ebtnpbhsh- '

Y

e

N

' l{llC |

A ruitoxt provided by exc |8
Ve

o g. .
.m_ent alirrigation, howeve4 ‘disease-transmitting 36

- snails began to appe'anin the irri_éation canals -

. the hosts of the disease organism making thejr
appearance first, and not thé schistosoe:n
‘themselves. After that close watch .was kep
for snails and schistosomes. From 1831 to 1953

the snail population. increased, as did the lnﬂux N,

of migratory workers to the cotton fields, first
, from nelghboumng areas then from western

*. Sudan and.finally from West Africa. By 1954

half a million people worked regularly in the:
Geura area, in addition to témpOrary migrants.:
‘In total.the numbers of “temporary migrafts
fluctuated between 150,000 and 200,000 per annum.
 In 1942 attention was drawn to the ever in-
creasing mcidence of disease,p which, It ig be-

large scale ir T gat1on p@_)‘ cts might 'well fail
becauseoftheu' ffectsonthehealthofth COU\‘(Z

. in that\country fter World War II is now\largehy
bandoned because the effects of..malaria and
b11harz1a were left out ‘of the" calculatlons
One' of thé grandest’ development projects in
the wor\d the Volta Lake in Ghana is descmbed
by White (1973): 4

T "Th‘(g(olta L.ake in Ghana 1s the largestman-
in the world, - accOuntfpg for about one- "
fifth of the total land area of that conntry After -

made la

pg it was gon-

gave pr,
uction and whxch

stiidies ot; the populatxon to be relocated were

- com’\leted and there. gnsued a‘long period of "
difficult ad_]ustment in the livelifivod and 11v1ng
patterﬁﬁTpl‘éﬂrspossessed of land and heri-
age The responsible relocation authomthes did

es .

~
i
|
|

ppov de for ho‘hs;ng, using asomewhat 1ngemous - e

uhit (‘onstruction plan, and téntat1ve awangements o

were made-to enable- Variows

estabf?ﬁ“themselues‘m new agri _

;above the Tevel to be reache - thy Teservoir. )
waters.. - o el R

VN
Within three years aftér the xmtxal reslyca— "\“

tion a; substantlal proportion of these housing

tinits were unocéupied, more *than half of all of- "

t.he populanon weére on food réll,ef and the dis--
orgamzatlon of both commur’tity and family struc-

ture was’ severe:. - This was ' not- because thoge
ausc nog .

planmng the prowct had 1gno\jd‘the possibitity

B of the’ 1mpounded w(\ters providing opportumtiea
. for spr'ead of SChlStO"OlnlaSIb, nor .of the. need

. for new housi.ng, or' the Vital role of lughwayb
connecting the new. commumtlea, or the need f
cledxt and techm(.\l 1ssxstance in developxng

PR
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farming on the upland areas.. Carefful attention
had been given to local water supply and’ waste
disposal Thé basic disorganization occurred
because the planmng had centred: upon physica’l
features and had not lSeen directed at means of
lasting livelihood ifia tzOpical environment
__.where the mainténance of soils is a delicate pro-
cess, ~where land cléaring is expensive and tedi-
-ous, and where ,community. organization and pro-
cess was not \@11 ‘adapted to.rapid social chan.ge l
hompson (1967) describes development that
led.to environmental change (improvement‘? )} that
was' responsible foq the introduction of a popula-

a v

tion to sleeping sic ess"m a protozoan disease
e spread by the ‘tsets fly, Trypanasom Anarea”
| in\Nigeria to be th te-of a railroad extension
" was surveyed and, foun to'be fre€ of sleeping
'sickness. H0wever, a small |forest preserve
-..planted along the banks of a s ream, at the point |

lace people getting w ter, and a source
of a new ougbreald of disease.

/ - - Hughes\and Hunter (1970). describeg: the i‘ind-
ed (1963). "

“the people from . Muyama -in the
of Tanzania, abarrenand heav1ly :
‘the hillside above the Milangilizi

on awailable agricultural land. Thett/alley Wi

fertild and well watered, but muchof the riverine
. ‘contained large - concentrations of
sitans. For a year nothing happened and

Tbey then go on to de&ne a "disease of'de- »
ve}.opment". Cs
ra ""Malaria, and attempts to control or: eradi-

ase, provides a good case for the
-'point that the quest for.health is continyous and .
r 5

fo: alarial
6gramimes re waging a continual ht to keep
ihead of ‘the proLiferatlon of 1nsecticide resistant
strains of the insect vectors wh1 through pro- .
J atural selection, adaptive c ahihties

because o the ‘need for new research to develop L

q;om ‘effe tive (and more specific),gisecticides e

P

It might alniost be said, then, that - unless the
S transmission cycle is broken at other pomts -

nsecticides spraying “of the insect _vaétor (which, *

»

uwm.in, ect, creates a new envil ient, an env1ron-’

o ment of 'deve opment*) is an attac on-e~praohlem -
which, .in itself, has jeen created by earlief“‘

-, spraying - a 'dises e of development!."

ST Thus. itd clear that.. understanding by a
e wide range of rofessionals, and institutions that
‘can translate  these undergtandings into: well-

: "sary if thé environment is to be a support rather "7

- than a threat- to the rural populations in develop-.
“*?’il'lg countries. . S U
: HOWever, : olon as &he professionals and

K

\

: ‘ treated for the disease

' perhaps feasible at this

T .
‘conceived and well-executed projects, is neces- v

47.4

‘v

in the indystrial world,
ects be foreign to the \ind} genous po
are intended to serve. u

+An excellent éxanjple of the rol

the local

people, as contrasted. ith professionals is g1ven .
by Horn (1969) who describes a schistosomiasis "

control programme in Ching Pu County in the
People's Republic' of China.  In 1948, an esti-
mated” 80 per cent. of this rural country of
350, 000 were ill with schistosomiasis.
. between then and 1966, 245, 000 patients were
During 1948 some 3, 500

with the host snail‘ | By 196§ snails could be
found in only 65 km/ of riverbahk and in 6,200 mu ,
‘of rice paddies, and ¢only 32, &people 'still ex-,
‘creted | thé schistos "
ah_ under close. sup )

* In the vi11age of Ren Tuy, some 500

rﬁddied .
between 1930 and 1949, and in_ 1949 there were/

* 449 cases of a total population of 461. By 196

ment ‘of the water to ki&ll the snails, neither of

WT]].Ch\ s been\successful. Rather the :; roa

was one,‘hatﬁ:‘)v 1d.only be implementéd by
ple themselve

¥

,ts{lat lon wxll their pror

In fact, . -

"hand:™And such a. programme depends upon the : .

education and motivation of; the' people,

time tn the ‘type of
‘society now found only in € ’\ As White (

pomts out "So far ...

spread of the disease.

_ Significantly, Recommendation
United Nations (1972) Stockholm Confe Wy
"’tha,t\ all development assistance’ ag ncies e
-~ give high priority . ... for assistanc mthe plan-= -
ing :6f human settlements, notably in l’lousinlgt,\
transportation, wafér ‘sewerage /.and - pub
health ... '"and"..". in golving th environmental
problems of 'ﬂx lopment proge 8; to this end’

thex should actl

- courage “the recruitment of re uisite personnel
- Il

' .e:_ Two years later, the ‘ verning‘ Council of
the United Nations nviro ental Programme
1(1974), under the cat or of "human

"_ ."' sS4 3

g concerted programme for the eradie@n of T

endemic diseaées o 88 soon as possible, \pay- -

ing particular attentit)n 10 ‘the’ control of vectors‘ L

~with a. waterborne phase ._‘.“.." S s

"(

Personnel reguirements

e

A guideto {] e types oi‘ personnel required for
makmg an implementing environmental managq-

ealth and . )

rely support the training and- en- : e

ment de sions mai‘B’e takén i‘rnm i frameWorkw—?‘, e




for environmenlal questions, in,f“‘igvure 2, devel-

‘oped by Christman (1972). The details and insti- -
» tutigns listed are based upon decision-making in
.the energy field for Sfe\D e, Washington in theﬁ‘

Umted States, but the Yra Nework is adaptable for
application to any type of enyironmental proble
‘anywhere. He bases _his mode¢l on four categories
of operation:
(1) need, perception: studles o human motiva~
tion; goal and value discriminati{n as a function
of culture, personal"i'ty, and expenjence focuse
" on the need for space food, sheltdyr, f'm.)bi.lityjl
etc.; s \
(2) resource descrlptxon "and techn cal devel )
ments: studies of the quantity, qua11t and cha‘:gc- _
the ocedan, .
dnd devices

" teristics,of any materxa\l\ useful to maik
urices, etc.,

0

forest, atmospheric re
lsed to extract, convert,
(3) public pollcy studle
[teristics; governmental a
egies for implementing or
fecting use of resources; i
“(4) effects analysis: studies of use
resources resulting from activitigs undertaken
to. satisfy/perceived needs; developme t""of'e - \

use these

of institutior
i privat age&
egulating actid

——

vironmental quality lndx,c tors .

From this modé1 it §s possible to dlean the
professional fand scientific characterxs/ ics of the
personxfel that need to e\quahhedv_% act in each ’
of the fﬁomp,,artments s

.not be limited to th
Need perception/
archltects nutritio ists en

tive lineamint).

Resource description and technical develop-

ment; engineers, scientists including physicists,

. chemists, biologists, ggologists, 'agriculturi’sts,
- industrialists, etc. ge\

" *Public policy: political sgientists, 'pubhc
administrators, lawyers, economists, financiers,
planners, jougnalists, politicians and the people,

 as nepresent by official and,voluntary local
organizations, and certainly students and teachers.
Effects. analysis: scientists, engineers,
«.medical and public health speclal.xsts, agricul-
surists, industrialists and, of course, the people
as represented by, an} of their choseninstruments.
" It becomes quickly obvious that few are ex-
cluded.from the \1\ ion- makmg process, -in one
is paper is directed pri-
— ofes’ston}h, thelr numbers and
~edutational qualifications an ahrg\
the focus. \ AN
Without gomg into‘detail \may be affirmed
- without contradlctxon that in both industrialized,
and developmg countries professmnals profes-
-sxonally quahﬁed (as distingulshed from the self- - -
anomted) inthe env1ronme\ntr§x_14 field are in short .,
supply, Okfn (1967) has pointed out that in one of
_the’ ﬁelds/of greatest concern in thedeveloping :
R world,“¢ommunity water supply it has been
démon trated tl.mL and time. ag:\nn that, the pro—

\\‘

“ rdle or wnother.

Y

T e gl

\ ‘ 3

'\1 .

-ment givento mos €

sourcés; ! \(1973) h '8 inaugur ted a study o manpmjner re-

' t'lrﬁls consulting orga

/t ‘ey do exist, are

J ~order of rﬁagmtude of reqmm%and are - far -

- . in the devel
N to execute b

= s
igineers and managers to plan, initiate and -
extcute "barikable' water supply projects - o
In the industrialized countries the situation ’
is little better. The National Environmental
Policy Act of 1970 in the United States,” Which
requires environmental impact statement tobe
prepared and reviewed by concerned agencles )
for gll projects thgt are.financed by the govern-. -
ment, wh1ch means v1rtua11y all publicly finan-_
ced pr03ects, was slow in getting off the mark
because the execut A‘g and review. agencles could -
not recruit the qu "yxed personnel equired. R
That many unqua1 figd were presse into service :
is only; too eviden i ‘Tthe rather cav 11er treat- ]
ironment lmpa t statements

Rec gnizingt is eedinEuroqe the Regi.onal
Office for Europe of the World Hea hOrg 1zat on.

A

quirements. Fiyve pllot areas, | varying from:'
§ra1t urban, oné ineachof fivp countries, wil

e investigated to’ determ e th env1ronrpenta
programmes andagencle% oper lngineach ea,
the personnel now emp16 d, the vacancies and
turnover rate, the anticlp ted growth .rate in
each ef the various categori.es of personnel and :
the manpower mix,, m, 973 and 1980, '

' The-agencies-to l? studied include prwate

nizations;" construction

urse, \Apublic agencies op-
jushental field: . .

“companies and, of ¢

erating in the envir
water and waste
land;
air; ‘
urban enviro
_recreation;
radiation
n01se

food, \ -/ v
In addxtldn th study wit 1nvest1gate resources

search] and 'upportlng services, 1nc1ud1ng legal:’
andadmmi rative services, statistl serwiges,
laborator y servlces and facihtles for\" pub
e ucatlon \\
~Suc tud1es have\obvious ‘shortcomings, as ™
the res o SIV£ institutions have not yet emerged
even 1 deve10ped coyhtries. - Furthermotre,
prese te ployment patNe a functlon of ~
the a 11ab111ty of personnel, and suffer from -
the torlcally conservat1\>e structures of both
C:.'Zyernment and educatlonal institutions. These

ifficulties would be evgn greater in developmg
ntries, whose governmental and éducational

‘eyv.u*onmental f1e1d where L
ltkely to be in a qulte pl!iml.'“ -

such studies will reveal the

'stltutions ih the

twe stage. ™~
Nevertheless,

-

ndénce on mmet -plac deter- .~
mmati s of employment, which are_ quite unsat-,
lsfactory‘ n the public sector. Simllar studies :
‘1ng countrieg will be' ‘more difficult
w111 i cordingly be far mox:e/’/

hetter than de

vqluable.



‘need to be created, is so long t}

'‘ment of the educational facilitiel
ties to man thesg facilitie
est urgency. * '

E_dueation of profess ionals

.Becausge forinal .educational rogrammes take so

long to\estab¥ish and to yxels/graduateé who can

take up esponsxbll ties in the environme ta1 field,

] ) o the most immediately rewarding educat nal pro-

ramme\swﬂl be those thatican build up n gnan-

;g0wer resour esqalready

; o§ such anappnoach are sevgral such programmes ‘

| " already establjshed by the Jniversity of North %

‘ . Carolina at Clapel Hill.
*The olde is the Int

ailable.

.
national Pr()gr’am_ in

Sanitary. Engxneermg Degign (IPSED), intended ,
to meet manpower, shortades, in the cominunity
. ¢ water supply field. ThlS rogramme, o¢ffered

14 times over an 11- year period, and e rminat- -
ing this'year, was intende 1or graduatje engin-
veers. who had no speciality rmmng in th sanitary

engmeeringvneld. A non-i zf
participants spent one term\at the university in
gpecial courses deV1sed for them, on€¢ month at
cominunity water’ supply facilities and then one
‘to\six months at the offices of a consultlng en
g eermg firm.that spe&ahzes in commumty
witer supply,) with considerable experience in
) developmg countries. In the last years the field
of specialty wps extended to waste, ater collec-
"+ tion and disposal. In all, some 150 engineers _
from about 40 develeffing countries have partici- )
pated While the programme was supported by
the Umted States Agency for [nternatxonal Devel- s
- opment, participants were spo;{sored by WHO,

]

o other international agencies and the countries
themselves. An interesting, and not unimport-
,~ant, statistic about the part1c1;'1nts in this spe-
cial non-acadgemic programmé is that all buttwo
of the participants returnedto their own countries
to work‘as compared with only about 50 per cent
who returned permanently upon comfpieation of
academic M. Sc. courses.
~,A similar, shorter course for engineers,
directed to the economics and finance of water
supply. and, was{ewater projects in developi g
countries was 1naugurated in1973 by the E Ecorf/o ic
’ Development Institute df the International Bank
- \for Reconstruction and ‘Development (the World -

wak). This three-mbonth. course . is to be given-
annu in Washington.

_ t the-initiative of the Umted Nations Indus-
trial Development Orgamzatlon and assisted by
the USAID, the University of North Carolina
ducted an 11- wi{{k Int na,tlonal Program in the
o Environmental Aspects O Industr1a1 Development N
.. (IPEAID), Annex A. This programme was de-
“signed for’ government and industrial bfficials o
developjrig countries, engineers scxentlsts

_a

~tridl planning, site selection, plant management /
visits to lndustrial plants and to government offices. '
L reSponsible “for “them.. Individual’ paTtlclpants
: *m_ttleg spent one week at£ plant of e type slm1la)"

i
L

i by ERIC

hat the develop- -

, and .the fa - -
i, is al mattér of gr\.at_- \

\

\

L.xemplarx' #

gree programme, L

~
-

] ‘x‘law’yers physnctans etc. responsxble for indus- ¢

\

-
3

‘and the-like.. . Three %Eks ks were spentim group - pés

. countrigs may.b€ useful, hut they

et

tb ohe the) nnght h.lvo u\pe ’oaced willy in tHeir
own \ountnua

and supervising capfital projects in dgveloping
c untéw.s that the Uliled States may : ssistwith
grants or lohns, sponsor(.d a series of\two-\veek

coyrses (Anr\e\ B) forits field engineers, the AID
I?*nvtronmental Engineering Program DEEP)
Englneers employed by AID are ught to, the

but the world In that short per1 d, an attempt
is mude to help these men 1dent1fy~ the impacts
hat their pr OJeCtS rmght have ,alj] to learn
where to turn for help that up to then, they had
-not known they needed..

' Such coursej
re expensiv
and, even if tlie numbers accomm/ddated vvere
increage substantially, they cannot expect t.mekt
the need ‘¢ither in numbers or in ﬁontent betause
.of the, foreign venue, the strange anguage and .
the nature of the 1nstructxon\ Their principal
valu€ lies in their "multlphe‘f- effect" the hope
nurtured in each prqgramme that each partici-
panton return te his (or her) courtsy, will attempt
to déVelop appropriate means for bringing sin
programmes to those whogcannot afford to l&ave
their positions foralengthy period abroad or who,
for reasons of costs or language, - are»obhged to
get their training in situ.

Of c‘o\:}be,, the orgamzat1on of such pro-
grammes fo profes sionals in their'own countr1es .
is by far the most expeditious approach.- [n, the
larger cities, - thls’zan be handled at the univer-
sities, with course$ of vari?us lengths or with
night or week-end courses. (Largerindustriesor:
government agenc1es mlght arrange programmes
on af in-service basis,’ usmg ‘talent recruited
from universities br national or international
encies. . &
The contentof these courses will all be multi-
ry and should be tailored to the, needs -

ammes are attached herewith

the. breacLh of staff »requl\ed to conduct such
__programmes,

It is not 1nappropr1ate that the Umversttyof
. North Carolina engage.in these"acthues be-

cause North Carolina is a "developing'’ State in < '
the Umted States Its populatlon is predominantly

rural;\ and its rate of urbanization is similar 4o
. that. lr}\gevelopmg countrigs of Asia, Africa and
" Latin it also suffers’ frotn 51m11ar

An" important agmcultural crop in. North

for p(,r&eonnel 1rom developxng "

lar

Syllpbi for the UNC 1PEAID ™.

~of the partivipants.
‘ d AIDEEP prt
as a m.de to the diversjty of material, and hence

<

An ‘exampliimay be of interest: o - o

Carohna is tobacco, and DDT! had“been used for
0l during Ats growth
.g‘t\b‘l“lﬁﬁ have led tolegislation

ecological imj

Before such ‘x bhan was mstxtuted in—the Un
. \\

Conc.ern.s for*thes

gﬁbanmng its ysein the anﬂlzed\countr\{\‘E . °

erica.
" types: ‘of azards from Lnadequately consxdered\ -
responses to "fabhlonable onvlrohmental issues L

Qf all profe bxonal dlsuph Nes, engxn s T N
stand jnost widely accused of ginng little (:t\%x}ol < //
tion to‘the environmental impact & their proj-— \ .*/
Jects. Accordingly\, the Office of Dyiginecring of
USAID, which has yesponsibility fox initiating




"States, European purchasers of Arderican tobacco o

“required that the tobadcobe free of DDT residues(1), or the. Natfbnal
. Accordingly, the Unit States Department of Army s Corps ot‘E ineers. and the Bureau of v
. Agriculture required t t to be, ligible for price— Reclamation and' the Bureau of Public Roads
. ¢'supports, growers not use DDT It was predicted * . ‘They are dedic ed single- mindeH men s And- !
" that-the replacement for: DD’V/ an. acutely toxic,. .~ = . when they t&l)’~ which is as rarely as they can . -
but environmentally relatively\innocuous brgano- " manage - théirs is the language of fanatics. *
~ phosphorus compound, would exact several deaths B \ They are called. engineers "o
" amongst farm families in Nerth Carolina during ..+~ .'The author's main: targets are' the "engi.n

* ‘the next growing season: Unfortunately, -the . ! eers" and the "engmeer‘mg mentality ... the .

deaths did ocg| : R simple supppsedly pragmatic approac f taking

> Ill-considered restrictions on the use of«DDT : the problem as given, ignoring ar rat ssly ex-

in developingcountrzies maybe far more disastrous B .cluding questions of gide effects, wo king, out
IR - While a natignal or State umversxty may have : 'solutions' that meet onlythe simplestdefinitiens .
S fagulty resources that are- highly qualified \r‘ R of the - problem". The subtitle -of the velume

* .. vironmental studies, the 'many other institutjons . identifies the theme: : !The engineering men];;ility

. & relponsible for education may’ not. - Also, it will 0 and the devas‘tation of .a continent™.
- sc rc%‘y bé& appropgtiate for nstitutions to.; . ... *Ag the'author excoriates* ngineers forbuild-
',ha; e sp iaiist faculty and't fﬂ'?z‘: specialize¢ » ﬂig]etjﬁirpoﬂs in nature's preserves; mqtorways

.that tear. communities agunder, reservoirs that.
inrly, the: apabiliti s.of the-. umvers1ty canjbée- - flo&d v ('lages and"agricultura land, powes plants. %
extended, uping the miltiplier effect, by offeying - .. - o -and facfories 'ihat poljute;the air and water,- tl;i‘é

short cours s for edycaters.from th‘ese msti_u ions; Fasy dgfence fo;i:;he gineer is that . he is t

" progrgmmes in the e fvyronmen't’alf field..

“‘'who mi/ght hen inco .porate enviro ni'enta 'i{ sues . [\w g' arget“ e people-who fly/and drive, R
; : ' and the electricity and who b yithe ‘prod cts, .

in- their own teaching.- » vy o od ,

"~ The Universi of North Carolina condi{lcted S wh‘, -elect their governments and who, own. shares .
such a-programme; an "Environmental :Protec- s of he g:ompanies are res;zé\n'sible " Thi engin- -
tion" Conference ‘for Educators', in'1973,.andthe . . eering projects are sfcigty\s prolects aj d | the
tsubject-matter of th‘ (.onference is shown in thei Lo e _gineers who plan -and exec\ute them are merely

P Y

- - 'Annex C to this paper :

. Academic course may a‘iso be offered tod

Y thoee who do not expect to specialize in environ-
A ¥ mental affairs.® At the Univer81ty of Nqrth Caro-

- servantg of thdt.society. :

T zre is no defence at all Engmeermglead rs PR
" n eve vy-field a,re beginping to recognize‘their .
;social responsibilities and .to; exHort engineers =

-7 "lfna,.one _such\ is avallable for students/ inathe . - /to_their proper rcle : Slticher (1968) puts it
@ - publi¢ pi¢alth field. "Elements of Envi onmental s succmctly C o
. J* . Health", while another,:''Man.and his Environ- - L4 UThe engineer who fails to appreciate huma.n
/ '~ 7 ment" is ‘designed. for students’ from throughout . values may,become a mere. technological Servant
/737" the umverSity -The latter has some sessions . =~ - of those. in society who make’ the~ important, de- .
~ “devoted to less-developed.country, problems. \ CiSlonS When" devoid: of sensitivity to_human

Syllabi of the'se are also in Annexes D a’nd\E\) : needs, the engineer is relegated 40’ the !‘01' Of

u. “hired hand." . e TR
S Profess1onal education for engineers e A\ \ . One ofAmerica SmOSt dlstlng},ﬂShed environ- L
o : - Ny @.\ ", mental engineers, , the ate Thomas: R

o If there is any one commondenommator to enfgin- -~ 'was ~fond, of quotmg D _' ’
o eering education in the industrialized cefptries ™.

.. of the'world, it is that agonizing r:n/p disdigare - . .' 'gineers, irra Sl \llp.r\c ntext (Camp, 19
gin

béing: made contmually .general éering-vs, Cooe Mt s \th duty '. of ‘the. engineer
- specific engineering fields/tlﬁee yeari or four* _himself to the best of his ability thatenterpris
j yeaxs ) fivepyears or two years of basic R ':.with ‘which he becomesidentified are of. legitimat

graduate vs,
. consthnt examina

Sgurly deﬂartmentalization, under- b o ohg;z‘actex‘"
pagt - graduate specialization; - and ~ \

n and re examination of en-

If after becoming associated with a

- “resp nsihle members of sOciety N

mon’ view of engineer .in the’ U nlted Stay
e glc.mml from the ollowmg quote\i‘ro’mvf
i e'q)ountlmg conservagjon. (Marine, ﬂGQ)
vy s B the new rapistsaare loose upon . tlu. land .
heirs, slill; are the vicious, viol nt-i.usse/[ e
:&ére tm,hmques of the turn of the cep '}u v. They = =
arily’ employed by, lumker compan=: "«
companies Qr r.nlrom ChD .id of AR
i‘hey aro.,, |
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While Mead was not speclf‘ipauy refezrlng
to the deleterious environmental consequences of
engineering projects, the engineering ethics he
was urging upon‘*the engineering professlon are

‘even moye apt today. )

.‘Ioung people today also have a dlfferent
vision of what they; as engineers, should- con- ".
tribute to sociéty than did their ‘elders, who,

" while glorying in proved technical achievements, )
terided ‘to shun involvement in the political.
dectsioh~-making th;at their projects were tb con-
summatg. This was put.very well by a young
engineering graduate writing for.career ‘guidance:

"There are surely opportunities for men with
a sound Qeqhnical, background in the various pub-

-Hc and private: progrimmes working to improve
the quality of American life. What I had in mind -
are such areas as transportation and urban plan-
ning, industrial development, and air and water
pollutfori control - which I s'uppose you are inti-
mately involved in' yourself ... I have a strong

. .interest in the social scientes ag)d would welcome
.- an opportunity to get*lnvolvedlnanlgterdlsclpltk .

_ary fleld; infaét'l would prefer.that cnurse to em-
ployment/in a purely technical capacity.

' Because projects that impinge upon® Q en- |
vironment are often\engineering projects it\be- '
hooves the engineer toappreciate the imultifaceted
impact of the project “to recruit the partici-
pation of the many othe disclplines who have ™
much to contribute to‘the p}oject With respect
to' the control of schistosomiasis. the World -
Health Organization (1961) noted the need for
interdisciplinary co-operatiop  in controlling
this pervasive health threatin the planning phase Yy

"."TFhe successful attack on-the disease wi, ybe -

accompllshed by ateam: the englnee r, them i-
ologidt .the parasitologist, the sanitarian; the .
physi )
trAining, speaking in the béginning different tech-

_nical languages, but with a common purpose.in

"niind." They might well have added the sociologist.

. Therefore the engineer must e an under-
standing of these disciplines, anddeveloping this.

‘unde rstanding should be an essentlal part of his
education. -

Some enginee‘rs may savour solely the tech-
nical aspects of their engineeting responsibilities,
.for example, the development of a high functional
design to meet some wen-artlculated need. For
the environmental engineer or. ‘the englneer re-

. %
L]

B

[}
>
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an, and the chemlst. widely dlvergent in N

- -

(3) Jolnlng many departments or schools in zK‘
t!nlverslty to fashion.a programme thatdraws on
resources of all of them, without in any way re-
ducing the perogatives of each unit. Such amal-
gamations are often"called Institutes or Centres,
and may be admlnlsteredbya small headquarters
or by staff drawn from one, or more of the par-
ticipating Bhits.

(4) Establishing new, multldlsciplinary depart—

" ments, schools of ¢olleges with the intention of ’

q\n

‘preparlng broadly- based professionals. This is
_ generally only feasible at a relatively new insti-
tution, as otherwise the threat to existing strong-
departments may invite attack.

(5) Broadening the faculties of schools and
colleges by including professlonals and scien-
tists from other dlsclpllqes Itisnot uncommon .
in the United States for engineering schools to
have a wide range of scientists,. economists,
l-awyers, etc. qn their faculties for partlclpa-
tion m teaching and research programmes

While educators, in the developed countrles
have long felt, and still feel, that disciplinary
barriers are high, in the developing countries #
they have been virtually insurmountable. Often.
modelled \oQ the Europeat’ higher educational
system, hut without the basic education offered
by a strong secofdary school system, they fea-
ture highly structured professional faculties that
are completely isolated, often geographicallyas
well as educationally. Opportunities for inter-
d clpunary programmes have been extremely
lifnited. Educatord from the developed countries
\vho have served as visiting faculty in develop-
ing. countries have often been frustrated by thejr

" inabidity to make uge of resources elsewhere’in

the universify. ' This isolation of faculties often
results from an understandable; but unforfunate,
.desire for a pnofessor to protect his position.
Also, ! this isolation is n6t at all relieved by the
generally gart ts{me nature of faculty. of’ the uni-
versities of the’ dev910p1ng countries. Where a
professor must earn most of his income outside

_ the university, he' feel& hard pressed fo meet

his obligation to his own' atudents and his own
»faculty and he is not likely to be generous lwlth
his time or resources to.stude ¢s or professors
from other faculties of the unive ity. .
Another factor in-the dlsclpllna\-y isolation

* of universities in developing countries is that,

although they are generally government-fifianced

sponsible for a project that impinges on the en- W47 they are remote from the people amd their pirob-

. vironment, thére can be ho security iffechnology
_.alone. Hence, his education requlres the cross-
1ng of digciplinary barriers. ’
In the United States and in severg Other of -

;
the dBVeloped countries, the Opportunityto broad-
~ eh engineering education hais been made available
in seveial different ways‘ '
(1) Eliminating rigidifyin course requirements
,and eﬂr\glmg ‘students to’ elect courses in

' other depa ents, schools and colleges of the

\ (2} Establislﬂ.ng departmen‘ts that, except for
& small ¢ core of faculty, are dependent upon the
. resodrcn elgewhere in the umversity for the

e
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“Ylems. They tend to'limit themselves to'the formal

”‘educatlon of degree candidates, andl avoid using

-q

' their resources for the, education of the people -
atlarge or for addressing current social problems.
‘Because resources, neéeds, government
lnstltutions, educational facilitiés and qualified
"manpower vary widely o7Eb the developing world,
prescription or an eduéational‘programme in
the environmeftal fie}d dppropriate to all toun-
 profesgional digeiplines in one |
country it not feasible. ) setof bi‘oad guidelines -
that may be useful is that restlting’ from &.Cali-. -
fornig State College {197P): workshop addressed. -
\to curriculum de lopme ntinecologyand related

triés or.even




vt

\

the concluston of which is included in Anne&l;‘ o .
nd *

it stresses flexibility in their own situation,

o this would certainly be mogt approprife for de-.
- = veloping countries dnd for related profssional
" filelds as well.

One last caveat may be in order. Because
water-related disease’ is 80 important and be-
cause water supply and sanitation gervices are \
so inadequate in ABia, Africa and Latin America,
special efforts are required to create opportuni-
ties for lirge-scale trainipg of engineers and
technicians to serve in this field. Concerns for
broad environmental quality shoulil not detract

- from the high: prlorn& for mass training to assure
control of the endemic and ephlemlc water-related
diseases that continue as a'scourge over muchof
the world at a time when tho t(-chnolot,y is avalil-
nble for theh er.ndicauon

Conelr-bon o *
elow 4(«‘ listed somie ol the actions that night
well be ::\ﬁen by Heveloping countries, with the
aid of inte¥national agencies, In an attempt to
provide the cducationnl .m:snnrcer-n'ucessnry for
the management of the environment.” Most of
these actions can be undertaken simultaneously
but because the develobm’ént of sou'nd lwm
vesources at universities is #o essen pro-
“iding a foundation for other .uuv.jth-b. and be-’
iausw&t takes by far the gr(*.xtest time. univer-
ity development is given hlgher prtorlty
j' «(1) Fvaluate the educational resources of the
/counlry ¢ particularly in higher education. Atten®

- /tion should alsa .be given to specialized mon-

{ academic resources in education.

i

A
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(2) identify individuals within the educational
system. or who have educational experience,

who might be expected to be effective in taking -

initiatives to introduce environmental studies
within the éducational field in the country.

~ (3) With these individuals, determine which
institutions in the country are likely to be most
amenable to the initiation of environmental edu-
cationnl programmes. : ‘

“

'

2

.or
nt

(4) Develop a comprehensive programme for
thede individuals to prepare them, tp take educa-
tional leadership. Sgch a programme should be
destgned to the talents and needs of the individ-
ual, and possibly include formal educational pro-
grammes, but preferably informal visits afsome .

duration to educational institutions that have en-

vironmental‘programmes that seem to offer the
most useful models.

(5) Should it seem useful to have the assist-’
ance of educators from other countries, this is.
best done by engaging the resources of a univer-
sity or a consortium of related universities,
rather than individuals. The environmental field,
or even any phase of tt. is too broad to expect .
that any individual can do more than provide ad-
ministrative assistance. The engagement of a
university or consortiumasa contractor toassist

" with the development of an environmental educa-

tion programme will permit the orchestration of
a wide range of resources' in the effort,

(6) Inaugurate manpower studies. This should
include both presefit and estimated future needs
ln both public and private sectors.

) Design educational programmes to meet
the manpower needs. These programmes should
include formal and informal education, in-gervice

~training, and public education, to be conducted
-wherever it is most appropriate.

A recurrent theme of.this paper is that the -
environmental concerns of the underdeveloped
and industrialized countries of the world are
quite different and, in any event, the solutions
must be geared to the economics of the countries
concerned: -for example, labour-intensive for
. the one and capital-intensive for - the other.
Therefore, 1n implementing the programme df
educational dévelopment, there should be min-,
imum dependence gnd certainly no continuing
dependence on thg educational resources of the
industrialized world. If resources are not ini-
tially- availgbfe within a ¢ountry, the use ‘of re-+’
source§ in:the reglon, while perhapsless accepts
‘able politically, is certalnly to be préferred to
sending tndividuals to institutions in the mdus'
trialized countries.
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Major health concerns
- Melerie’

© Leprosy [RR

"'+ Movemaent of psopis

. Mantel disorders ’ 0
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" FIGURE 1 - Major health problems identified by World Health Aséembly member countries and classi-.

-

fied by numbers of identifying countrtes in each geographical region, '

i

Tuberculosis

Heliminthiosis
Bilherziosis . .
Dierrhoes and dysantory
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Intectious hepatitis
Accidents

Aespiretory virus diunas
Population pressure N
Cencer. )

Chronic dogonounvo disesse
‘Alcoholism
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p(b_cn‘ congestion .
Vosculer disease of centrel
fisrvous system

Narcotics

Dentel hesith
indigenous populstion
Aged end chronicelly il
Schoo! hesith
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N

Regional profiles of health problems, Developed from a questionnaire reported by the World Heait_h N
Organization in Third Report on the World Health Situation, 1961-1964, No, 155 (’Geneva 1967), pp. 28-
356, Somé data were taken from a prepublicatian mimeographed document of the same title. Thefigure -
at the top of each column indicates the number of countries reporting, Circles and figures in columns
indicate the number of countries listing the particular health problem as a major concern, a black circle
indicates regional consensus that the problem was one of the most important, The vertical line arbitrarily
separates less developed from more developgd regions, Theh%

orizontalline separates diseases of greatest
concern 4o less developed regions from those of greatest concprn to more developed regions,

i

Source: Bryant J., (Health and the Developing

" World)
Cornell’ University Press 1969, p. 30,
\ .
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Flg. 2 FRAMEWORK OF ENVIRONMENTAL ENGINEERING RESEARCH OUESTIONS

N

/

- NEED PERCEPTION

Damand . energy

~ Know costs of energy ’
Muat (13 food

Like to eet ulmon

RESOURCE DESCRIP—

TION & TECHNICAL
DEVELOPMENT

‘Ri es of fassil fuels .,

' Consumptiqn of fossil

fuels N\
N

PUBLIC POLICY
Seattle City Light
e .

" .Atomjs Energy .-
Comphission .

Department of _
Ecology

a

EFFECTS ANALYSIS

-

}16 % of salmon killed

«

‘advertising

10° rise in water temp,’

l
/3.% of powsr cost is m

. . Populstion trends .

ot } . \ Advertising Council

Per capita energy needs ™
Dept. of Fish end Game
New, power production’
techniques

DIRECT QUESTIONS

A,

\

B

C.

' FEEDBACK QUEST]ONS

Given a de51re for power - what section of the material umverse constitutes a power resource (fossll

fuels, .nuclear fuels, water, etc, )? ;
G1ven that a certain type of fuei (nuclear) is desnrable for Uyse in power production - what type of

'management procedure (AEC policies) should be implemented to regular its use? .

What effect will the level of nuclear-power development, as anticlpated by AEC, have on man and
his‘physmal and mental env1ronment? :
e

3 = K
N Q

D. and G: Both loops represent threshold. phenomena. Thresholdlevels of effect are functions of the sen-

- sitivity and accuracy of environmental-quality indicators and communications précedures,

. power? : ) .

Example
of loop D: How can feedback time between observed effect (temperature or ‘radiation levels) andpolicy
adjustment be rhinimized? Example of loop G: In cases of large- effect levels (temperature or radia-...
tion levels that are large and cannot be reduced by policy dec1s1ons) the perceptlon of need for power
must be re-evaluated, i
Does a 10° rise in river-water temperature as a result of power- plant operation const1tute a new’
source of low-grade thermabl power'? Ar€ new ‘respurces created as a result [s34 effects? ’ .
Does the grant-funding policy of a majof regulatory. agency,affect our level of understanding regard-
ing material resources, their quality, quant1ty and characteristics? =~ =~ =~ - i
oW does advertisement by .the power supplier affect our perception of need for power? Does regu- -
1ation of information on radiation levels by AEC affect our perception of the bénefits of nuclear:; power?
To what extent does new technological development (nuc1ear fusion) affect our percep\tion of need for

At
~
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ANNEX A
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\ - CLASSROOM SCHEDULE AS OF 20 NOVEMBER 1972

. N ' . N . N L4 .
. “ . . o N Id ] ,r
Date Lecturfer Morning sessi&v oe T
-4 LS -
. . ' INTRODUCTION i :
B . e »

N . - . ,

PEAID Programme *

Mr. Aizenstat ‘ - ot . ’»
. . Mu. Hinote , . .o T ‘ ‘
Mr. Long S . . .

K. d : oL ' . B . - .

23.1.1973 Professor Chanlett - Env. problem ¢
-~ "=  WATER AND WASTE WATER
- - . + *
. - . - 15] . . A . At -
N 24.1.1973 Dr. Okun - 7~ Introduction: water env.
: s ‘ : * . Quality and quantity consideration,
, measurement/monitoring
. 25:1,1873 Dr. Okun . Water costs) use, reuse !
e . ”26.{1. 1973 Dr. Little Nature of watar pollution .
'39.1.1973 Dr. Francisco Effects of pollubants on life "
) '30.1.1993 Professor Barnes Measurerhent/m itoring of
pollutants ’ "
31.1.1973 ’Professor'Barrjes 0 ‘ Industrial waste su eys S
. L2 3 . N
"1.2.1973 Dr. Busch ’ Control technology fo mdustn?l
o . water /wastewater 1} \ y
bo2.2.1973 Dr. Baker . Taste and odour problenis

AIR POLLUTION

, .
Introduction: Air envs,

“air |
_ pollutants I

-

a
o

. pollutants B

‘Control technology for particulate
a_ir/ppllutgnts- ’ ‘

Sickles Control technology for gaseous/ -
air polluta.nts s ; Lo

/.
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*6 . “on comﬁ;\m@ health S

Cassel

T e . . «

A . ..
Afternoon.session .

" Discussion

' Field frip-NERC, N.C. .
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Discussion
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Case swtud'y
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' Date L.écturer ’
©14,2.1973 Professor C‘han\ett '
. 2
15.2.1973  Dr. Miernyk
7 D I . . . .
v 16,2.1973  pr. Veslltnd
. N
- 700N . ‘
. ,{’;. [SE ) A\."‘\ 4 .
- . . ‘ Wk -
. I YO P
.4 . 9“/ . A . . : ‘ \
' 19 2. 1973 ~. Dr. I'raser c .
20. . 1973  Professor Een-i's
) 2‘1-. 2,1973 7 Mr. Wrenn -
22:2.1973 - Professor Burgess
23.2.1973 © Dr. Goldwater
. ‘\" ‘.
o ) . 1
26.2,1973
' 27.2.1973
28.2.1973
71,3.1973

N »
) .. . N ." A" ‘.
: \ R 4 o
I \ :
. L F
B :-“‘b ’ .
. f Co
SR
w AP R ;
- \ %
SRR R v

) _ Morning session Y a ) Afternoon session
Physical-energy exacerhations: B , Dilscussilon
including noise; heat, ionizing-, o
radiation non—ionizing radiatibo\ v
foects of industrial development, =~ ™ Discu‘s‘sion .
on community-ndise, transportation, k .
school systems, recredtional . e . "

r

.
»

"facilities and tourist/éttractions '

Solid waste; .disposal and recyoling Discussion
(recovery and reuse) -

I” . L
[NDUS’I‘RIAL’HYGIE‘NE : o 3
'mtroduct@on: oicéupational diseése Discu'qsion
Standards for plant environment . Discussion’ o
Sampllng methods ' Discussion A ;
Control methods o / Discussion -'"N—\‘/_\
. : . v o R . . A
Model mdustnal hy ‘ene ’ ”/ ; Case study o
programme . . . } '
ORGANIZATION FOR ENVIRONMENTAL CONTROL
- o ¢ T
‘Legislation, regulauons, standards. : stcussion .
Envxromnental audxts _ . Discussion ¥
Economxcal pohtxcal and ocial . Disdnésid}rﬂ.
restraints on environrent S o S
protecti% s '
Admimstrative legal or anizatxonal 'Discnssibn
development in United Stdtes and in
Eugope > . .
e B ) I\
Industrial ‘development for the ¢ stcussxon '
environmental field ’ ‘
. - } .' ;
! o
‘, // S /
’ ¢’ “ o W ~ - -
N o R . e e T
a Sl
. L CL “; ~: kR . . ]
k 4 o v YRy S
‘ S . : \ ‘, s ' .
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UNIVERSITY OF NORTH CAROLINA .
IDEPARTMENT OF ENVIRONMENTAL SCIENCES AND ENGINEERING |

ANNEXB .+

. SCHOOL OF PUBLIC HEALTH ! ot
. ) 1_ , , 1\ a0 .
X , . . . e o W A
‘ " ' AID-ENGINEERS ENVIRONMENTAL PROGRAM - y
: - .Course outline . w .
) N K < . : g :
A Date Day lI:.'eriod . E,rofessor : o ) Sub_‘ject Lo e :
6.8.1973 "M £9.00-10, 20 Chanlett tIntroduction and overview
v 10,30-11.50 © Lauria Ecc,nomic interpretation of pollution .
©1.30-2.30 McJunkin . Enbironmental gagsessment, - ingtitutional framework
. P ' 2.45-4,00 Chanlett - Environmental assessment - institutional framework -
7.8.1973 ~~Tu®  9.00-10. 20 Chanlett - Solid wastes 9 =
‘ 10.30-11.50 Lauria Wastewater characteristics and effects
g 1.30-2.30 . Heath Legal aspects of environ\mentaI management and
\ oy L " profection : '
" 2. 45-°4. 00 Campbell Legal aspects of environmental management and
: . ) protection S
. ’ 6.30 * Cocktail reception - home of Mr. & Mrs. D. T Lauria .
® 8.8.1973 W 9.00-10. 20 -Chanlett Vector control .
. « 10.30-11. 50 Lauria Wastewater treatment ' : ‘ ' ;
. - 1.30-2. 30 * Apple . Environmental effects of agricultural development
' 2,45-4.00 Rigney Environmental effects of agricultural development
S - ) - ! ' : I ! "
9.8.1973 " Th 8.00-5.-00 ‘Staff Field trip. ) .
. ‘ . . . ’ . R
-10.8.1973 F 9.00-10. 20 Shy . Economic development and health” - . "‘ .
‘o, ' 10.30-11.50 McJunkin _ Waterborne diseases '
' +»1.30-2.30 Lamb : Environmental impact of industrial development
. - 2:45-4.00 - Lauria Environmental impact of industrial development
. 2 ) oy . o
13.8.1973, M . 9.00-10.20 " Chanlett | Al!‘ environment - occupational ',?
ST ' \\ 10.30-11.50 Patrick - Social impact of economic development /
o {1,30-2.30, . ’a Preparation &f enviz;onmental impact statememts
‘2. 45¢4. 00 Lemmont - . Preparation. of env}tonmental impact statemelnts
14,8.1973 Tu 9. 00-10. 20 Chanlett Air environment - community .
10.30-11.50 Weiss’ ) Environmental impact of electric power generation
1.30-2.30 West Environmenta.l impact statement - water resources
.2.45-4.00 "Jackson. Environmental impact statement - water resources
. , . ’ y . R "-'7 . - o
15.8.1973 W 9.00-10.20  ;Charlett Radiation protection T s
S 10.30-11.50 / Lauria Water guality -standards and enforcement ,
, s 1.30-2.30 White Environmental impact statement --transportation
. I '2.45-4.00 " Lathrop - Environmental impact statement - transportation
o .6.30 : . . Reception - Carolina Inn : :
7.30 ' Dinner - Mr. Ji my Wallace\ .
1973 Th  9.00-10.20. . Chanlett }Thex%mal pollutidn
‘ 10.30-11.50 ' Lauria Environmental economics
‘ ©1.,30-4.00 = Staff
17.8.1973 F 9.00-10.20  Chanlett
o 10.30-11.50 . Lauria
1.30-2.30 Staff
. 2.30 Staff
N ‘““ N .
? G
Q s




R ® ANNEXC : . - S
. ‘ : :————-‘ . ) N
: +f
c - . ' PRELIMINARY PROGRAMME
o . ) ; .
’ ENVIRONMENTAL PROTECTION CONFERENCE FOR EDUCATORS
’ b S 34 May 1973  ° .
o ' oy T o . 'b' : N
Thursday, 3 May.1973 o0 ’ . oL C. !
'8.00a.m-8.30a,m. Registration  * oo '
8.30 a:m.-9, 15 a. m. Welcome and conference goals Dr. Daniel Okun *
9.15a.m.-10,00 a. m® The origins of environmental issues o Professor Ernil_ Chanlett .
10,00a.m.-10.15a.m. .  Break - ' e ” SR .
10.15 a, m.-10.45 a. m. Ecological balances o - . Dr. Edward Kuenzler
10.45 a. m.-11.15 a. m, Human health and well-being . l Dr. Mario Eattigelli ,
11,15 a. m. -11.45a.m. Environmental awareness vs.. , - Dr. C. ‘Rit_chie Bell a
b - environmental technology ., _ T / - N o :
W o ) ] : R . / i N o IR
11. 45 afm. -1. 00 p.m) Lunch o T ,// - o S
N *1.00 p.m. -2, 00 p. m. " Agents of strefs. . . v . _Dr.. Daniel Okun o
. ' . i " L ) ” . . ; . . .
2.0Q p. m.-3.00 p. m. Specific sources and impacts - ) ) n ’
a . ' 'Water ‘ . ‘ » Pr. James Lamb, -III
Air : e " 4 . . . Professor Arthur C.Stern
) C ‘ T j . 1 . ! . - V
3.00 p.m.-3.15 p.m. Break [ . v :
. e ° L 0 7 e B L
+ 3.15p.m.-4.15p.m. . Specific sources and impacts (continued) o .
: - Land : : ] Dr. ﬁjdward Kaiser
Occupati na1 settxng .o o Dr. Parker Reist
. . i : o~ . ) . : .. Y .
4, 15p. m.-5.00 p.m. . Legal, ‘political and social aspects _ Professor Mxlton Heath
- '§. 00 p.m. -5.30 p.m. .  Governmental agency‘ programmes . Professor— David Howells
Friday, 4 May 1973 e -
'8.00%.m,-10;00 a. m. Panel - Env ronmental protection . R a
Ao X . Yo : v_,Education needs and resources; agency ) .
L : : ) viewpoints o R ;
. . Moderator Professor David Howells -
L . ; ) *
o ' North Carol a Offxce of Water and’ Au: ",_ ’
, Resources . | o
T ) Air Qualit Division '
o Water Qua ty Dwision
AN & IS ' @
State Board fHealth- : ’ o : i /
- ~-Sanitary ngineering Division ‘ N A T
oo ' Occupational Health Section S o o * S -t
PN S State Department of Labour B AR TAPT L
v LE . i il s i ERIIE BN "y co ) ‘»
o Envxronmental Protection Agency " M 5
. _— . v,_"'National Institute of Occupation Safety - Y A7 ST ' C. R o
S ' and Health ' S o -

RC e ot s A T




[ " o - »
10.00a.m.~10,15 a. m. Break .~ . " T e

10.15a. m.-10.30 a. m. - .'S”ﬁecial' interest Session’procedures' S . .
Y . . R 2
.’ 10,30a.m,-12.00 noon Concurrent sesdions for special interest
; . i = groups (discussion of needs, resources, and . .
, o - ' actionBy institutions) , v P : L
0 \y \ . . ) . ) : . , . ‘ "
‘ \F S AR \ o ‘ ‘[ndi'Vidual curx'iculum\a\reas for discussion in , ' : )
N _ T the 4 or 5 special interest sessions.will be _ .
' ' ' ~ designgted on the basis of expressed interests : _
v by parti}ipating instltutions For example . : . s
General environmental science education - L ,
Teacher education curriculum . : e e
Environmental health technoiogy curriculum . ol
Environmental engineéring technology curriculum TN
Occupational safety. and healtl§ curriculum :

P
spow»

12. 00 noon=1.00 p, m, * Lunc ! T
. b . ) . . ) . o A
1.00p.m,-3.30 p.m. - Concurrent sessions for special interest S R : Lo ‘
) o groups (continued) - . - T T ' o
'3.30 p.m. ‘3/ 45'p. m. Break e T e
‘ , 3. 45 p.m. -5.30 p.m, ' Plenary session . o P R

A. Presentation and discussion of special . . -
o o, interest. groups reports. N Co - . T

" B. Summary and discussion of proposed L ‘ ,;ﬁ-..“ R / ’
" post- conference acthnS L o ; S

Prepara,tion_ e,
—ﬁ- .o . ) )

oo ‘Edch participant is requested to bring with him to the con’ference"tne',folfl'owi'ng_: .

LA listing of ‘eourses in environmentaf protéction now offered at’ His ‘institution.‘

22, A descnption of any formal curriculum relevant to environmental protection offered at his Ll
i institution, . . R , o e
3._.:_, A listing or descmption of current 1nterests in environmental protection course or curriculum
r development for his 1nst1tution SR _ R L L ST

@ ’ . ' v :
u 'i

/1?'

4, - A listing of resources or assistance a'vaiIable from his 1nstitution to other institutions engaged
1n environmental curriculum development (1 e. spec1f1c exp\erience unique expertise etc. )

-4




" ANNEX D

t

DEPARTMENT OF ENVIRONMENTAL SCIENCES AND
\ENGINEERING SCHdOL OF PUBLIC HEALTH .

ol

ENVR 101: Elements ofEnvironmental Health, 2Credits, Spring Semester 1974

e

Plan‘fof instruction:' Lectures and seminars, 10. 00-11. 00, TTh.
- : Q . I .

Textbook None required ' . o "
Recommended Environmental Protection, by Professor Emil A Chanlett

1 .9 <

Instructor Dr. Stanley J. Weidenkopf
—

Y

N L e
: January kg Th - Introduction (SJW) R
. ~ 'Nature of Env, Problems (SJW)

' . "I’h ~ ,. Nature of Env. Problems (SJW)
22 T - ' Aip Pollution and Control (ACS) ..
24 Th Air Pollution and Control
29 T. -, Air Pollution and Control

31 Th . Air Pollution and Control .

T

K

' February 5 T
S Th |
12 T : Land Pollution and Disposal of
] Th' - Rédiological Hygiene (DGW)
19 |, T . Radiological Hygiene
1 Th  Radiological Hygiene
26 / T. . Radiological Hygiene : o
I Th: . Mid-Term Exam (SJW), .« °= .

o

“

. T . ° Water, Sources and Treatment (SIW)
Water, Sources and Treatment (SJW)v
Waste Water Treatment (DEF) ..
‘Waste Water .Treatment: §DEF) '
" Feld Trip.(SJW & DEF)
Community Noise (A.GT) .
Community Noise |
. Industrial Hygiene (‘ R)
/ . Yo Industrial Hygiene |
11 ‘ Industrial Hygiene ‘
16 T . 7' Seminar _
.18 ‘Th. Seminar
-23° T -+  ’Seminar
" 25 . Th Seminar

" '29 April-8 May ) - Final Exams
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11

T 13-
16
.18 -
~w 31 -
2 \ 2 Toxicology and the consumer (continued)

‘ . Review and quiz

ANNEX E

SPRING 1974

MAN AND HIS ENVIRONMENT
' o
ENVR 111 ’

Introduction BT ' ’ " / .

_Health and disease factors in the environm"'enf‘_"

Health hazards from biological eontamixiants

* Hedlth hazards: from chemieal agents. =

Health‘hazards from physic.al agents /‘T’ ’

Toxfcology and the: consumgr L

nvironmental stress. factors (g/sycho. social stimuli noiso, overcrowding)
ronmental & yress factors (continued) .

rént problem ),n environmental perception and behav:,our y

=

. ' fEconomic apprqaches to achieving egvironmental quality ;
: ,'(contmued) : : e

"”(continued)

e

‘Ecology in relation to the environment

The: concept of: technology asgess t

% Ecology in reﬁtion to the: environnb-nt (continued)
m -

. NEPA' and environmental“impact : SR IR
y Indicatars “and measurement of environmgktal hazard a.nd envir0nmenta1‘ qua.lity

(continued) -

. Environment and. public policy,

"i,(continued) TR

g "Environmenta.l management-

~{continued) .- ,

(continued). :: K L

Review and quiz = .~

\'Current isgues in environmental management v
“Land use. aspects of environmental management
;iLa.nd use (continued) _‘ A \
Radiation’ gtandards . ‘ . Q /
Decision7ﬁakmg in air quality cOntrol
-(continued) T / S

. 5 . V o 'l :

e B

Environmental protection aspects ‘of’ housing and the residenti

Lead poisoning in children in the urban environment e
: Population, food resources and the envxronment h
'(continued) PR TR B
“Energy resources and t e environment
,(continued) Voo

N (continued) “

' ';f International organization \f &xvironmenial protectr.on

. Public. participation in envirnmental decision-mald.ng

. Course review




“VII.

&
'Ln the course (# the two-day meeting of some 50

;~participants, many ideas, concepts and propo-

.+ sals for action were put forthliior discussion and
examination. The workshop groups served to

distill a numbj[- of conclusions and'generaliza-

o

tions.. At the/ risk of overlooking significant
_points, cértain themes appeared early the
meeting!' 8 discussions and-were- given form in
at least one of the wizrkshop group reports. These

themes are summarized below. Ko
'Model curricula. No uniform, mpdel cur-*
ricula in ecology and rélated environrhental sci-
ences should be applied throughout the California
. State, Colleges.,u Each college has the responsi-

. bility to assess’its own strengths, its potential

-and the needs of its students as it develops new

curricula or adapts existing.courses and pro=

. graxqmes emphasizing environmerital concerns.-

The éxperiences of colleges within the syst¢m -

and outside shouldl, however, be noted; in this,

context, - rneetiiigs such ‘as the Invitational Work-
shop are most ugeful.
Specializations ky colleg__ Each college
should seek to deve10p environmental studies
+ focuses a:yppiate to-its locale, student Body, :
and resoufces... No college. should seek to offer

/all po, sible approaches to the study of ecology

THere should be\complementary programmes

* from\one college tg the next, rather than dupli-

-, catory ones. _College Fianning and programme

"development should take placxwith reference- to

other colleges in the~gystem

“Articulation with c(hnmumt}\co\IeL \}he

- majority of today's students in the\State Colleges
have begun their collegiate work in one of .thé
_State's many community college§>\ Curriculum
deve10pment inenvironmental studies mu\s\there-
fore provide for ease of transfer. Further, de-.
velopment of certain kinds of programmes may . -

equire close co- operation with community .
lleges. -
Cautious development of specialized gro- -

rammes: A common theme throughout the

. course of the méeting was that the problems of
the environment are sodiverse, and the solutions
so tentative, that training ot)a,rg&nufnbers_ of
highly . specialized persons —is—ifiappropriate.

. Students inthe sciences, enginéering, technology .
as well as thé social sciences alg best servedby
a substantial environmental comp¥§gent-to their

" education to assist them in adapting
‘mands of the future.  Doubtless many persons in .
the years to come will play substantial réles, in
their work careers and as members of the gen-

- eral public, inattempting to- maintainand improve-

3 ,.-the.environment. ~Such. activities- will be across -

a-wide spectrum and will fiot be restricted to a'

-1 ited~ number of occupational claséifications.

* This suggests ‘that in developing responsegto the
environmental problems, /colleges should ,con- _
struct curriculum which c¢an assist in the eduda=%.

) tion of persons whb can fulfila number of differ-/
e .ent ‘responsibilities. :

EMC S

T

A

o

I

B

ANNEX F

CoNcLumoN-"

A

\curriculum Workshop partici
—erallyomr for all students to engage in -
studies of the environment and its p%blems. :
appropviate curricula should include attention to

"the study of the environment. Single-focus’,
courses da not appear approprlate as a part of
general education requirements; rather, a re-.
shaping of ¢ urses.and‘programmes ina v,a«riety .
of disciplines is called for. S
' Interdisciplinaryfstudies. The education of
udents who are coficerned with the problems .
of the environment and capable of contribut1ng
to their solutions cuts/a’cross many discip’lines
The~ solutions to the problems of the environ-
ment, as reflected by woﬂkshop participants,
will require not only scientific angl technical-
skills, but political and. economic expertise as- .
well. " The sc1entist or- technologlst who seeks "

- a solution toa problem of the environment must

understand the economic and politi.cal realities

- of the. problem *The gcientist in general, many_

participants-pointed out, must realize the social

."and environmental impact new sc1entif1c and -.-—

technical developments may have. The govern-
ment leader and the industrial manager mu e
' conversant with the scientific and technical know-
ledge of the environmentandbe aware of the kirfds
“of specialis}s needed to attack environmiental
problems “Thus the need for interd1sc1 hnary

_ -or multi i/ciphnary environmental studies ‘Was.

- recognized ‘by most partl.cipants howeyer, the
problems of the collegiate departmenthl struc-
“ture’ ‘were often noted as irihibiting the deyelop- |
ment'of néeded courses and programmes, ‘

Problem-oriénted instruction. A common=. -
theme in discussions was the value of using a
‘specific environniental problem upon which stu- -

- dents and faculty can comcentrate as a desirable
pedagogical technique Similarly, the need for
work experience in an- environmental problem
area and inqividual =or group research was
stressed ‘While a: problem -oriented curriculum
and work exper1ence are considered useful in
‘many subJect fields their particular appvoprl—

.ateness in environmental studies was stressed.

Terminology. "Ecologyv "environrgent'’,

ecol.ogical studies and enzvirohmental' studies"
and ""sciences' dre "among the various terms
applied to acaden\ic p ogrammes concerned with
aspects of the enviro eqt Based on workshop
discussibns and the e 1stirfg literature concern-
ing academic progr

- area, the ferm '"envifron nental studies" appéarg .
most useful as a g ner 1 terminology broadly.
aaﬂplicable toa varietys fprogrammes. "Ecology

-—ag a term’ for acad ic degrees and’ progra,mmes

iz most generally nder stood as applying to the . .

"sclen.ce of ecology witHin the ‘biological sciences,

‘Environmental sciencé and environmental tech- -

-nology have thei appropriate usages but-db not’

clearly connote pec/ific degreeorother academic

programmes v - ’

\ h

mes in the general subject (..

S
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, ot
. statlng that "Enviro

l.

INTRODUCTION« =~ ., .
Environmental protection is, from the point of
view of both science and englneering, a typical
mterdiscipline bject. "This entails several

* problems not ‘onl¥in determining the scope and
organization of trainiig, but also tn ad0ption of
explicit terminolegy.- .

According to the National Science Board(}),

© "Envlronmenta’l science is conceived as the sys-

‘tetn ‘of air, 1and Cwater, energy and life that

surround man. It includes all:sciences directe;l
to the system-level 6f understanding of the en- °
virénment, drawing' especially ori such disciplines

Pl

‘as méteorology, geophysics, oceanography, and '

ecology, and utmzing to the fullest the knowledge
and techniques developed in such fields as phys ics,
chemistry, biology, mathematics a%en ineering

+ . The -World Health Organiza ‘eparing
a World Directory of Institutions for the Training:
vironmental Health® Personnel(2). After-
ental health" is not yet a-

clearly defined field l‘study, thepe follows a

.‘\,

. ‘ote ction:

" e.g. Environmental Engineering, Environmental

list of relevant study uq]ects :
Water resources: Water quality. Water, 'and
‘waste watertreatment. Donfestic water supply
" Domeastic water disposal. Industrial water

' supply. Industrial water dispOsal Limnology.
Water pollution. Hydz;ology )
r resources: Meteorology and clijnatology.
Chemistry and biology of air A polli;l.ti

Eontrol

iblic health: ,Vector éon rol
ccupational health Air hy
1pgy. Food: ‘sanitation
itation.: 'Foxicology
istratiol'i Radiologic
upation

Laximuse and

éhelter Urbay

ise control.
rces- systems .

nagement Micropiology
st, besides enumerating the disei- -

In the range of technical sc{ences, 'sanitary

engineering" represents g specialization)of long- -

term tradigion. In the course of its° deaeIOpment
the; scope of that discipline has been time and
hgaln broadened to include new areas covering,
in growing measure, matters rfelative to environ-

mental protection in its extensive understa.nding. ,

For this reason, gpart from the term of ''sanig
tary engineering' one encounters sometime
the term of "environmental health engineering''.
Alongside with sanitary engineering and en-
vironmental health engiheering, there exist, in
the area of environmental gciences, various
other disciplines qualifying for the degree of
Master of Sciesice or its equivalent,” such

v

Q - ' ' : .

. /

‘

Pr/ tection ‘Environmental M agement, Environ-

fmental Chemistry, Water Redources Engineering,
-Air Pollution and several othé
those specializations may be valuated only on
the basis of teaching programmes which, depend-
ing on the/respective country, |can be consider-
ably diverse. -

he above-mentioned exam lesare sufficient-

to show that the nomenclature o engineering dis-
plines relative to‘environmental protection and
anagement \is far from being ep plicit. It seems,
however, ‘that further. discussioh on the matter
' would tle unproductive, since.one may assume
"that the{ objectives of techngplog d the tasks of
eng'ln’e rs,in environmental protection and man-
agemet it can be defined quite e gplicitly. From
the point of view of the-training/of engineers in
that. range it is most essential, therefore, to

'~answer the following questions; .

(1), 1 it possible, within an ayerage five-uyear

. -course of pest-secondany univerity level edu-=

.

Ve

“cation, to schieve the qualificatipn of a'one-type
engineer to.master all problems lin the area of
environmental pfotection and mahageshent; or is
it imperative to conduct separatéitraining for
various engineering spe%ializatio ? )

(2) Is it possiblg to detérmine Bome bagic spe-

. ' ‘cializatiqns for environmentsl engineers o be

e

bamemr®

3

L t

g engineers?

- .wreqommended nni,versally, indepéndent of the dq-
ve10pment Tevel of reSpective countries? v
it EOSsible to’ dptentnine gome optimum

(3)° Is
recomm
.all specia

d common ‘teaching diseiplines for
ation lines of environmental

o \ .

(4) In \vhat measure and what scale should be
-promoted post-graduate training - national, re-
gional, international? > - .

While!the repl?es ™ these qdestions;wi%

.

‘certainly be subject'to a discussion of the Ekpe
- Group, some. sfhggestion relative to the matte
will ensue in a'funjher part of this paper.

. I
£ .

PRESENT CONDITION OF
TRAINING ORGANIZA TION*

2.1°1 ngroduction“ : :
A o 2

The organization of acgdem c education in re-

spéctive countries having been described in de-
tail in the Unesco, publications(3)(4) weare here
limiting ourselves to no more than several state-

2,

' . ments necessary in view of further explicity.

" Notwithsténding considerable difference in .
the organization of the university level school
systems in respective countries, certain regu-
larities ekiat'in this area. The starting level
for atademic educatioft'is in completing of pri-

' mafy and secondary education lasting in all 11-

. .nical sciences.

u'

13 years, Higher studies areundertaken at theage
of 17-19 and laét 4-6 years in:-the case of tech- .
Jhe period of académic train-
.ing is often divided into two steps of which the
first, taking 2-4 years, ends with awarding a

', certifivate of the lst degree (Diplome universi- -
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taire de prémier cycle; lngéhieur,.Bachelor 8
de‘gree) The fouowing second step training,

¢

The scope of '




at the universitis of: Pennsylvani
‘[California Institute of Tgchnology
/1ina at Chapel Hill(9), Massach sgfts [nstitute of
/ Technology(l ), as also at all t ¢ academic level

s

/
b

.Ai’lﬁllﬁlﬁ\ -

~riy
4

‘States of America),

‘nevertheless serve as basis fo
_ .of some general conclusions rgelative to the pres-- °
" ent condition of trainjng org

n
4 . LI I

lasting, 1-2 years, ends with awardlng a certifi-x
cate ofhigher degree (Dipldme, Diplome Ingénieun
Master's Degree, Maftris *f Numerous univer-
ﬂity level technical schools conduct third-step
raining. ending with.the award of a [)octor's title
(Decteur de spécialilé Ddctor's degree). )

Irrespective of studies continued within an
overW training cycle, there are organized some
post’*graduation training courses lasting 1-2 years,
the completing,of which usually ends ~with .voca-
tional qualifications for a particular' field of"
specialization .

“The requiremrents tobe metby environmental
protection engineers justify the statement that
one may talk only of training at.a level corres-
ponding to the award of a Master's degree, or
still higher. In further discussing the organiza-
tionof training in environmental protection, atten-
tion will be given mostly to the secdnd step of
university level education. It is emphasized that
when talking of environmental engineers, we shall
always understand the term as corresponding to
a completed second degree university ‘level
education

“

2.2 Completé cycle of e’ngLneers' training

rhegwno document(5) published in 1971, presents
a survey of programmes for technical trainingin
environmental - protection, as provided by the -
universities of Sao Paulo (Brazil), Valle, Cali
(Colombia), Calcutta (India), Bangkok (Thailand),
Kyoto (Japan),, Cal f?rnia Berkeley (United States
of America), North/Carolina, Chapel Hill (United
Kuibyshev, Moscow (USSR),
and Naples (Italy). Moreover, uge/was made of
thé detailed programmes of traini '1971-1972
N?dford('”

orth Caro-

technical schéols in Poland. though/ the pre-
sented material is somewhat_incomplete, it can
the formulation

izations,

It may be assumed that, within the five-year
training cycle, students have a total of about
4, 000 occupation hours (lectures, laboratory,
exercises). The entire training programme may’
be divided, m‘ostbroadly, into four subject groups.-
human sciences, fundarnental sciences, engineer-
.ing-sciences and specializatioh disciplines. One
may, moreover, assume that in the respective
subject grOups the scgpe.of training will be as
follows:

e - ¥

Human sciences - economics, philosophy, politi-

cal sciences, sociology, foreign languages, etc.

- . Fundaméntal sciences '- mathematics, physics

" for the respective fields of study.

PAFullToxt Provided by ERIC

chemistry, biology.-
Engineering sciences - working out of p!‘DjectS
_and industrial design; elec otechmcs and
electronics, fluid and sgid bedy rqechanics
thermodynamics, geodesy, instrurne.ntation :

and measurement.
Specialistid subjects are,

obviously, c&ifferent

It

.

;

/
/
/

|
i
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. range of posgible specializations,’

" tion and ¢n the,su

L

b = :

The time ratio afforded to training in the
-Irespective subject groups-varies widely depend-
ing on the country and university; in general

. however, it is comprised within limits pnesented—

in Table. 1.

s {

., Tablel /

)  Training time

per cent of/total -
10-20%
20-30%

15-256%
t20'?‘1‘5)(70

Discipline

Human sciences o
Fundamental sciences
Engineering sciences
Speciallzation disciplines

S

Primarily, the training ofengineers in dxgc iplines
relativé to environmental protection has been de-
veloped within civil engineering and s \itary en-»
gineering departmants. Main stress was then
laid on-matters of water'supply, domesti
wastewater treatment,

ing and ventilation. An example of sueh

lization is provided by the training grog
in.sanitary engineering at the Sao Paul

sity(5), presented in Table 2 - see An

Inrecent years, the: number of spec
in environmental protection has consi
creased, particularly in the United St
versities permit following such s, eci
lines as: water resources, \ water qual
agement, environmental chemistry gn biol¥gy,
industrial hyg ene, air pollution en vi onmental
protectio environmental manageme t, environ-
mental engin ering, radiological hygiene.

“ The essential changes in training, pr{ogrammes
mainly consift, however, not.on broadenihg the
but, mostly,
on the overall approach to environmental protec-
essively increasing introduc-
tion of system analysis elements. A = 4 .

The United States universities assume a
principle of far going individual differentiation
of training programmes, enabling the students
to adopt flexible sets of programmes, providing
that the weekly number of effective occupation
hours amounts to 20-30 hours. Illustrative pro-

grammes of specialization training in water quality -

management, air pollution, and envirénmental
managementI afforded at the University of North
Carolina at Chapel Hill(9), .are_presented -in
Tables 3, 4 and 5 - see Annex I. -

The advantage of the quoted programmes ‘
lies in their interdiscipline characteristic and

' flexibility, enabling one to choose sets in various

variants of study courses: Carrying through of
such type of training organization is, however,
possible only in bjg universities having.a numer-
ous teaching staff, as well as an extensive re-
search equipment.

" In- Poland tfaining in environmental protec- :
tion engineering is conducted by five university
levé&l technical schools, «nabling specialization
in: water management and hydrology, air pollu--
tion control and sanitary engineering. An illus-
trative programme of training in air pollution
control conducted at the Warsaw Institute of

Y A
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Technology (Politechnika Wurszawskui is pre-
sented in Talle 6 - see Annex I.
- It seems Yhat‘the above quoted examples of”

study programmes, enible a cleayr enough view of
. the exi/ting organization and scope of enviton-
mental engineers! trnining They may also serve
‘as basis in the formulation of cor\clusions‘relative
to the recommendation of'training systems,
2. 3 Pos-t-graduation training courses
LY
In times of rapid changes in the technique and
methods .of approach to environmental protection
matters, an essential part of the engineers!'train-
ing is played by post- graduation courses, Among/
those organized in this area, one may distinguish:
-"(1) Specialization traiping courses ta.king at
least a full academit year.
(2) ‘Short-term 1-2 months vocational training
courses. - . .

' Courses of both types are now conducted on a
national, as well as on an international scale.
The organization and topics are, naturally, con- .
siderably diverse in respective cases. Itisworth
while, however, to take note of the illustrative
programmes of training sponsored by WHQ ttable 7 -
" see Annex I) at the Mohammed V Uai’versity,

Rabat, Morocco(11),

4

-

. / *
K 2.4 Final considerations

N

Evaluating, on the whole, the present condition
‘of engineers' training in environmental protec-
tion, it is possible to observe a considerable di-
versity of schemes and trends not only within
‘particular countries, Jbut even within particular
teaching institutions. [n the majority of cases,
however, training in environmental protection
"is being developed through evolution of the tra-
ditional and narrowly comprehended training in -
the field of sanitary engineering. /| One may take
the risk of concluding that training in the specia-
lized discjipline of env1ronmenta1 protection is in
general, particularly as regards the matter of

© ' training, severelybelatedin relation to the rapidly
" growing needs in that area. I

|

- 3. PROPOSED DEVE LOPMENT

3.1 General remarks

' Tne human environment is not a collection of
isolated events and phenomena but rather a vast,
integral, mutually interacting system' embracing,
at global scale, the whole world. In this regard,
any action undertaken to the benefit of particular
areas or population groups may not be estimated
ag absolutely good or evil without first taking into
consideration its possxble effects 'produced in
other areas or population groups. Simultaneously,
any action leadingat presentto seemingly positive
‘effects may have future detrimental or even cata~-
strophic consequences. .This aspect of problems

s relative to environmental protec on necessitates

the'assuming of rather essential modification in 57

the way of thinking and the mentality not only of .
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’ '{v”y
experts respons\(;‘k/for environmental protectlon :

but, virtually, of entire human societies, Wi \h
this background, one may formulate: -
Recommendation 1: It is necessary to introduce

-~ T into the tuition programmes of all levels, from

primary to university, some elementary con-
-, centration not only on the imperative need of
environmental protection but similarly on the -
composite nature and interdependence of all
. phenomens involved.
Problems of environmental protection reduce,
in brief, to limitation of raw .materials. use and
to limitation of waste production. Assuming,
even, the prospect of essential changes in én-
gineering science and technology, oge must
none the less, reckon; in a foreseeable future,
with constant growth'of raw materials use -and,
constant growth of waste® production. Possible
$olutions of thé problem -must, therefore, be
sought not only through engineering, butlikewise ,
in modfying the life patterns of whole ‘'societies,
and partfcularly those of highly developed coun-
trieg. It seems that satisfactory results in en-

- vironn ental protection cannot be expected before

there are essential changes ‘inlife patterns, con=
sisting on reducing trends in the unrestricted

b 1
consumption of material goods, to the advantage
of trends towardd profiting of cultural values. .
Important réles are here tobe playedby adequate
education and training, and, in-this regard, one

-may suggest the following:

Recomendation 2: Itis necessary, inthetuition
programmes of all levels, from primary to

acdademic,’ t6 place emphasis on elements able . -

to lead towards modifying man's mentality in
a sense where aiming at increased consumptjon
of material goods- would be replacedby aiming
at increased cultural values.
To achieve 'satisfying results in environmental
protection, mutaal co-operation of engineers,
economists, physicians, biologists, sociologists,

" etc., is a necessity. Such co-operation, how-

ever, may be possible only if all thosevocational
groups use the same 'language'’. Moreover, the

respective groups ‘should have substantial know- <

ledge of the scope of interaction, andof theactual

possibilities of effectiver influencing the process, R

of environmental transformation )

Recommendation 3: Itisnecessary, inthe grad-
uate.tuition programmes of all specialization
disciplines relative.to environmental protec-
tion, to introduce elements enabling mutual
rexchange ofinformation and mutual understand-
ing among the various vocational groups.

In effect, the activities of any engineer and par-

. ticularly those of an environmental engineer,
~always lead in consequence to some changes,

both social and‘economic. For this reason,
human and social sciences should have a grow-
ing part in the education of environmental engin-
eers. The above postulationhas been deVeloped

~ 'and justified in E. J. Holstein's work(5). On this

basis, one may formulate the f0110wing

Recommendation 4: The engineer of tomorrow
must have, in the range of social and human
sciences, a kno,w'ledge sufficient to enable
application of his technical skill inthe solution -

J
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Of important soclal problems an 8 to con- . - (3) Empirical estimation of the nfodel's para-
; " tribute practically to aocia.l pr '-f%\l ~ 'meters in the situation under consideration. - )
» '« The.essential role of mathematicp in the tnaining (4) Solution of the model using mathematical j
" of engineersis gaining more and/more estéem in - and computer techniques.. The problem consists
_universal ppjnion(5). In environmental engineer- = * of finding, for the variable§ intervening in de-'
) ing, whzlr is fundanu?lent’iny cessary to deal - cisions or eveninthe concept} of values maximiz- .
8 with composite problems including, moreover, - ing:or, more generally, opti izing the objective
multiple yariables and requiring routine use of - function.
computer téchniques, the rble of mathematicsis® " T Overall utilization of the classical methods ‘
still more essential. &?ﬁne language of mathema- of systems analysi in environmental protection
" “ties, being universal, facilitates comprehension is still meeting with considegable difficulties,
‘among those specialized in various fields. " Con- First of all, it is sometimes impogsible to es-
sidering the above statement as obvious and not * tablish the objective functionbecause ofthe large
requiring justification, one may formulate the number of different parametérs of.the system, -
following: : Today, ‘it is difficult to include in the objective
.Recommendation 5: It is necessary, in the pro- function the effect of pollutants on man's health = ° ..
, fgrammes of environmental engineeyps' training,' _or on nature. Moreover, the numerous attempts .
., to emphasize training in mathematics as of a" at:developing ,of mathematical models déscrib-
o . " acience enabling both’ adequate formulation and -ing, in composite, all the environmental glements
© solution of the numerous tasks relative to en- have not so far brought satisfactory resulte. » !
vironmental protection. ’ . On the otherhand, however, real possibilities - |
e - . already: exisj to solve optiniization pr?lilems of-‘ . ‘
3.2 Ehvironmental engineering as ' some of the énvironmental sub-systems ase.g. . |
. sclence of sysfems analysifp water manaiement ‘6r air pollytant's ¢irculation.
R ) N R . in the atmosphere. Irrespective of this, ‘even .
" . The general opinion now prevailing is that the only partial utiliiation of systems analysis principles,
‘ way towards solving of engineering problems in . may lead to'most appreciable results solution
environmental protection is in the adoption of the .. of problems relative to environmental| protection.
. " systems analysis principles. In Mr. Thompson's . All the above advantages of systemns analysis
‘ paper presented at the Unesco E.‘xpert Meeting(lz) ' completely justify its acceptance as a basis in the
it'is stated: 'Environmental problems must be training of environmental engineers, eptitling us

conceivedin the scope of ever larger physical _to formulate the following:
o - systems. The effects' of the engineer of develop- “ Thesis 1: “The principles of syste alysis .
v ing technologies must be addressedto broader sys- - ) should be assumed as a basis in the training .
tems as must also be the analysis that would make - of envi onmental engineers o

best use-of present and developing technologies''
The WHO Experts Report(13) states, in turn: 3.3 En eering specializations in :
"”,. methods applied today by engineering and enviré\mmental protection E
' design services for solving of environmental hy- : v
giene proble g are totally different from those . The objectives of engineering and the tasks of
used earlier.| To draw plans, to proceed in re- . engineers haye been often discussed d quoted
. search and tolwork out the equipment, material at various donferendes and meetings, national
and services, |it is now necessary to base on the .7 and international. At the Unesco Expert Meet-
“notion of 'systems' implying use of analytical ing on Envirpnmental Engineering(14) the obJec- .
methods in solying of problems relative to the tives of’ ‘engineering and the tasks of engineers
N multiple variables to be accounted for in the dis- were definedlas follows: ""The engineer is par- .
‘tribution and utilization of resources' ticularly concerned that the economic and social
' One must, ‘moreover, point out that systems considerations which guide this selection of tech-
. analysis ig/at present the sole available method nological solutiohs for decision-making, and that
~ to adopt decisions in the scope of technology w}th . the eonsequences of the technological solutions
full account taken of the various economical, so- - foxund b optimized to the.welfare of man. It |
ciological and-ecological factors. Syste anal- - . follows that.environmental engineering can be.—
ysis provides, equally, an excellent bage of com- .~ defined as thé exercise of the engineering disci- . -
mon understanding among those ‘specialized in plines taking into full account the full environ-¢
. various fields. It seems, therefor€, fully justi- - mental consequences of the proposed solutions ’
. fiable to use “systems analysis as an. initial basis . in deéference to the expressed gocio- economic
in the training of environmental engineers. ' needs leading,to. engineeting artifacts" .
Inthe classical approach; the way of proceed- _ In turn, the WHO Expert Committee(13) states
ing in system analysis may be divtded into four , .~ that the environmental hygien engineer 'must
‘steps(B): ~ . be able to advise on: localizatioh.of agglomera~. .
(1) Working out of odel compatible with the tions and bi'g rmal power plants; ’
existing techniquesy ogm/thematics and informa-- . ' the transformation of fertile land areas i
tion,. proper account being taken of the system 8 ~-'and -residential zoneg, type of waste 'disposal
. principal mechanisms - . " gystem to be provided for the determined indus=
P (2) Definition of an. objective function enabling o trial® or agricultural enterprise or branch of -
cfassificatibn, in preferential order of all con- 5 activity; choice of propulsion mode tobe adopted
ceivable designs and plans . 8 for’  common transport vehicles; utilization of

3
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local resp. of importe.d materials for housing
-construction, etc, He must have a knowledge of
all factors to be accounted for in: management -
of water supply systems; liquid and solid waste
dieposal;- hygiene of food and of its storing com-
partments; prevention of occupational diseases
and accidents; reduction of air, water and soil .’
Jpollution] vector control, etc.''.

In a report of the WHO Expert Committee(13),
the term of "environmental health engineering''is
defined as follows: "application of engingering .

_principles to the control, modjfication, oradapta-

/

tors on the environment in the interest of man's
‘health, comfort and social well-being".
According to the ldtest version worked out
by WHO(14), the definition of a sdnitary engineer
reads: '"The sanitary engineér is an engineer
. having acquired appropriate training (preferably
Rost graduate or third degree level) enablinghim
to apply technological principles. in:

(1) the prevention, control and handling of en- -
vironmental factors influencing man's physical,
mental and social health and well-being;
~ (i) works.and procedures necegsary for main-
tenance and improvement of the human environ-
ment quality level, in view toensure man's health,
comfort and efficiency.

He performs tasks similar to those of acivil,
“a chemical, or a mechanical engineer while,
However, concentrating: +his performance on plan-

-

ticularly of drinking water inst tions, of solid
and fluid waste disposal, of vector éontrol of
habitat hygiene; noise control, disposal of nocive
gases and of industrial waste; he evaluates,

" finally, the output of such installations.

In colfab'o‘ration with public health.doctors
and other scientific personnel he investigates
environmental factors, he organizes and super.
vises measurement and survey programmes of =
“man's environment quality, he contributes to the
working out of ‘reports relative to the impact 'of
development and cons}ruction programmes onthe
environment; he undé€rtakes researchandinvesti-
gations participatés in the workingout of hygiene

. .. staridards.applicable in urban and regional plan-

" ning and in’ evaluation of the precision level and .
efficacyof programmes and of measures assumed
in view of protecting man's health and well- -being.

He plans,. directs and co-ordinates the. en-

_ vironmental hygiene programmes carried through

. public health institutions and other g6vernment
deparfments, by autonomous public type units,
and by ‘private organizations and enterprise; he
organizes research and investigations: relative to

. the economical, financial and legal aspects ofen-

- vironmental hygiene'".

In all WHO recommendations and definitions,
main stress is, obviously, laid on those items in

environmental protéction which—dffect directly

! man's health In a broader sense, environment

protection means the.. protection of the entir
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tion of the physical, chemical and biological fac~

_tion of devastated areas. - . ;
" Regarding the above obJectives of engineer- =
i

ning, calculation, design, operation, maintenance ga n andof the specializationlines required
‘and control of specialized instgllations, such.as, femains controversial and subject to discussion.
for example, equipment “Eféd for the COntFOlﬂC;/It is also necessary to emphasize the growing
.air, of soil and of water resources quality, disproportion between the scope of capacities

human environment and working places and par- -
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natural environment and the proper management
of natural resources. Attention should therefore
be given’ to the following range of engineers''ac-
‘tivities relative to environmental protection, im-
portant alongside with those listed‘earlier:

(1) working out and industrial scale imple-
mentation of new techniques and technological
proceedings permitting to reduce the menace
of environmental amage;

(2) working out and implementation. of new
techniques and technologies permitting “to reduce
the use of raw materials and their recycling;

"(3) working out and implementation of new
techniques and technologies permitting to reduce

» pollutant's. emission to the\environment - equip-
ment for emitted gases purification, sewage .
treatment, wastes conditioning, etc.

(4)’ working out and’ implementation of new K
techniques-and technologies enabling ‘recultiva-

<

w

‘ ng in environmentaltpvotection it is teover
| .' necessary to point out that théy may be realized.
| at different scales. It is obvious that different
~methods of proceeding will be adopted in solving
the problems, at a scale of, for example, one,in-
\ dustrial plant,. or at the scale of vast regions.
; In view of. the diversitypf tasks imposed on
| engineering in environmental protection and the -
“diversity of scale at which the tasks may be rea-’
; lized, the question of the engiheers" training dr-

u

@

expected from engineering specialists and the
existing possibilities of training engineers to -
satisfy all requirements of the ppoposed scope
of abilities and knowledge. One may, therefore,
assume as non-controversial the following: ' .
Thesis 2:. The objectives of engineering and the -
tasks of engineers in environmental protection
cannot be achieved by engineers of the same
vocational specialization. It is theérefore neces- .
sary to train engineers qualified Ndifferent
specializations
'Regarding Thesis 1, it is, however to be added ©
that the aiming to introduce ever more engineer-
" ing specializations has lately been meeting with
justified criticism. It is thus necessary to pro-
ceed with considerable prudence,' in ‘keeping
within reasonable neeJe One may, on this ground,
formulate the followxng
‘Thesis 3: The number of engineering speciali- !
zations should be limited to the necessary
minimum. .
Giving'attention to the aboye two apparently con- -
tradictory theses, one should consider which of. -
the obJectives of engiheering in environniental
protection are the most essential, ‘and whether
all of thése objectives might, not be achieved. by!
engineers of one vocational specialization. Itis
", also necgssary to answer the question of whether . .
it is -possible to- suggest such a type of engineer
who would be equally useful in.the developing and®
in the highly industrialized countries. It seems
.that satisfying such a condition may: b be possible

-




5!f PR tf as ltarting point, one uses the notion of
- system'.
[ " Subsequent to the above statements, it is
. popsible to formulate the following: a
Thesis 4: The whole of éngineering specializa-
titons ineénvironmental protection may be classi-
fled in two groups: that of environmental man-
agement: engineers, -and that of environmental
protection technology engineers -
Engineers of the former group will be directly
* concernéd with environmental protection systems,
or ih other words, with problems of planning,
administration and management at-the scale of
* large regions; engineers of the latter group will

.9

* lations and tech!‘ological methods used to reduce
enviro ental menaees.
o Al uming that sucha classification is adopted
in discussion, let us now consider whetherfurther
~ subdivision of the two grougs into still narrower
' specializations seems necessary

.

o 3 4 The profile of the en‘vironmental I

\ Based. on the earliei‘ proposed assumptions, one
' . may suggest.thé following definition:", enyiron=
+ mental manage,ment engineering’is 4 science of v/
- analytical methods and technical applications .
. leading to optimized management, at the scale
“of large regions, of the various environmental
elements in view to engupe social and living con-
ditions proper to man's heakth andhig well-béing,
v ~and . to ‘enable, ratjonal utilization of natural
" . resources. R ’
For full-clarity of thie. reasoning to. be used
‘as regards training, the characteristics ‘of an
environmental engineer Will be Allustrated by
listing the scope ‘of his abilities and knowledge in
direct relatiop to his professiénal activities.
Thus, .the environmental management engineer
should have the following abilities: ' g

Cin problems of, environmental protecti,on anq
i ‘management, '
+(2) Ea:pression of problems needin solution in

‘» as well.as familiarity with cémputer utilization in
routine profespional work.

{3) Planning ahd organization of survey networks

. for environmental {air, water, soil) pollution
“ ' measurement. .
{4) Planning and organization of pollutants .

* emission measurement / :

(5) Operation of up-tordate inetrumentation for’

ous investigations.
(6) “Planning of systers for data cbllection and

proces sing. .’ 3
Lo B

I . ment. :

(8) Preparation 61 long-term ,;orecasts on the
requirements for energy, raw materials, ete.,

and of forecasts on the level of myenace to the en-

. vironment and dn environmental changes ‘

be concerned with solving of determined engineer-
" ing problems relative to the working out of instal-

\ " man gement e_gineer T

~

(1) Application of systems analysis princigles"‘

a the forim of algorithms and computer programmes,

{7) Design of mathematicai models of poilutant '
circulation and fansformation within the environ-

“-management.

" of equipment used for gasés puriflcatidn, sewage

'oinmendations on the necgssary improvements.

_ It seems entirely feasible to achieve the train- .,

teristicsi of environmental engineers.

'vironmetital ma.nagement enginee!‘ must have "‘

(9) Determination of principles {or raw mate- ;
rials management, including water and air g

* (10) Determination of principles for regiona.l
and urban planning;wincluding proper planningof
communication systems from the point of view
of environmental protectton
""(11) Evaluation of various industrial ‘seale-
processes froyh the point of view of their effects
on the environment, and recommendationsonthe *
necessary improvements in these processes.
(12) ‘Evaluation of the operational efficiency’

conditioning, waste procedsing, etc., and rec- -

- Alongside with the above abilities, the en-

some knowledge in thie fields of: L

{1) theory of' management e s

(2) economiés; s

(3) public administration; * - N A

(4) legal regulations and standards in the aréa / ”

snvit'onmental protection; S/ o |
) regional and urban planning, SR o

(6) epidemiology,, ’ : S

(7) ecology. '

ing of an engfneer conforthing to the above -
‘characteristics within a five-gix year period of
post-secondary educ¢ation. it is, moreover,” .
poséible to state that the above type of engineer ‘-
may satisfy most of the earlier defined charac- -~

N

" The envirbnmental management engineer
should find' employment in central and local

" government bodies involved in management,
" planning and control; - in the design and research

" environmental protection

. to adopt ‘the following:
:Ehesis :+-The traming of environmental manage-

field and laboratory measurements and- {qzr vari-

"mental elements should be cofisidered ‘as one:
-, compogite unity
" introddction of kill narrowér’ specialization seeths
_unnecessary. Neévertheless, through differentig.

' discussion of suggested training programmes.

“both the devempihg and the industrialized ‘coun-

\
\
divisiond of ixhportant industrial corporations, - |
in the scientific research units concerned with 1
1t t8 obvious that the
demarid for such types of engineers is high'in~

tries.. With'reference to the above, it is suggested '

'

- ment engineers should be considered as the -

" basi¢ type of specialized training ‘of engineers
“in environmental'protection,” The need for'en=
gineers of sutch types is ually strohg in de--
veloping and in highly mdustrialized countries,

Let us consider now whether, in theé frante of the

environtental management . englneers' training,

it is useful to-adopt still narrower specializétion ;

lines, such-ak’Water resoiirces management en- 5

gineer, air protection mahagement engineer, €te.

./~ From the earlier assumed rinciples.of a . |

systems dhalysis approach to problems bf envirén- .

mental protection it follows that all the envirbn- -

oy system. For this redson} the

tion of study prograimines and provisionot optiotihl
subjects, it is possible to provide for the triin- .

ing of gx‘aduates 4n selected environmentalareas. .

The matter will be given further considerationin
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.

| represgent’ the group

5 The profile of th } environméﬁtai
protectiOn technololx enginger |

r

Inaccox:dance with the earlier
’enviponxpental protection technology engineers

f enginegrs designing and

ggested division,.

r supervising the execption and operation of spe- -

cific engineering works, installations, machin-

.ery, and equipment’ directly related withenviron-' .

M tion of radiation.

‘mental protection.

‘objectivés imposed on engingering and of tasks
facing the engineer in this agea, thereis, in fact
no engineering specialization that would not be
useful in relation tg environmental protection,
For thig reason,’ the elaboration of'training pro-
grammes in specializations related exclusively
to environmental protection in which training

" overa five-six year ¢ycle of educationis difficult.

The first approx,ima,tion will be in a trial to.

Because of the diversity of .

classify the objectives of engineering in environ- .

;mental protection into related groups, ‘with the

resei-vation being made that any such classxi‘ica-/ .

tion will always tend to be- controversial It is.
hevertheless proposed to identify the folldwing
three groups ‘of items:

t (1) New technologies:

improvement of ‘manu- )

facturinggtechniques and technologies Newmate-

rials and raw materials.. Recylein,
+(2) Industrial hygiene: heating. "V/entilating

«and conditionfng.  Alr pollution cdnfrol. Protec- -

Noise evaluation and control.
(3) Commiunal hy, iene: water for domestic
use. Water for industridl use.
sideration. Industrial waste treatment processe
Solid waste. Collection systems.
fill disposal. Incineration.
control, . Sanitary copsideratlon in food handling
_, Regarding the first group of problems,
in one complete’study cycle is practically im-
possible

Waste water con-.

s. -

Sanitary land-
C0mposting Vector

utrain-

Problems of engineering. implying im-
" provement of technological proceedings, of raw

materials use, etc., must,be.dealt with by engin-

eers directly engaging in the design of
cal processes, of machinery and equipmeént, by.
mechanical, electrical, metallurgic
and other such engineers. " Even appliances Lpe-
cifi,cally related to the area of environmental pro-

tection, such as those serving fordustseparation

, chemigal, -

K

or gas purification, mustbe workedbutby mec¢han-

ical, electrical or chemical engingers. Similarly,

~-» all problems related to agriculture as regards
‘ ; ugse of plant protection agents likely to have a

-.detrimental effect on the -environment, have to be
. dealt with by. agricultural engineers Engineers
of all specialization must, however, be fully con
_‘8cipus of the menace, to the enviromngnt result-

" ing fromengineeringenterprises. Moreover, any - .

engineering design should be subject to analysis

from the point;gf view. of adopting passible im~ -
pt‘OVements .permitting to reduce environmental .

3 S

- tection'" bie introduced,, closely relating the

FullText Provided by enic I

meénpces. On these: grounds. one may suggest
“the following

‘zations of engineering education, it is recom-
mendecl that the sub;ect 'anironmental pro- -

proble.ms o[ environmental prmcction to the

“~

I{ecOmmendation, In all disciplines and speciali- .

’ w

o

" should find employment in central an

- :
- 4 , - £
specific scope of problems in the engineering
specialization. ..
’Irrespective of this, it is. possible to 1ntroduce
into the programmes of the last year of tx’aining

in spme specialiZations some optignal courses

_ directly relative to environmental protection
" As regards the two ldtter groups’of prob- . .

lems, i.e. industrial hygiene and communal hy-

glene, training is.at present included within the
- scope of training in, the specgjalizations of sani-

tary engineering and of civil engineering. The -
term used for the’ specialization is less import-

ant, but the ess@nnal is that, based on the above"

- division, there is a very logical programme of
training On this gréund, it is suggested to adopt
the following: '

" Thesis 6: Itis proposed to‘assume two basic

specialization lines of environmental protec- { B

tion technology. engineers: industrial, hyglene
" sand’ communaLhygiene T - 2
. Engineers trained in the ai;ove speciali ion
ocal en,-'
vironmental hedlth departments, in design units
" and engineermg units, . in sanitary equipment
plants,in supervision units'of industrial plants,
etc.
of such types is. considerable in all countries of
the world. . :\ . . . e
. ,"l\' ’~ Lo r/ .
-4:; PROPOSAL R/)Nﬂ*ns ORGANIZATION ,
. AND P‘ROG AMME OF ';RAINING // '
/o

.

4.1 Forms and duration of trai g

The very extensive scope of ‘knowledge and abll-
ities demanded of environmental engineers Justify

the proposa} that university level education in its -
'should -constitute the basic form of'k .
Irrespcc—

“whole cyclg-
training inenvironmental engineering
tive of whether, ‘depending on-the organization
- pattern gf particular university level schools,
the tra irrg be one~ or.two-step,, it is further
agsun med that the. total period of training be five-
‘six’ years.. Prior £ formulating proposals for
training programmies, it is assumed that each
. acgdemic year includes an ayerage of 30 .weeks,
and that the number of, trainmg hours amounts to
5-30 hours>per wegk, ‘The total of training -
-hours is therefore assumed ‘as 4, 000 to. 5, 000
hours. "= "

. 4 ‘
5

4.2 Classification into subject groups < -

Parallel to.the discussion under .)2 ‘the assump-
“+tion is m@de that one may clagsify sclence into:
huma.n d social sciences, fundamental sciences.

- enginégring sciences and specialization disci-:

plines. Inthis regard, one may adopt the following:

Thesis 7: Tuition in the human and social sci-
.encegs; as also in the. fundamental sciences,

' Vzmay be commo | for all environmental éngin-

eers, for both & vu'onm fal mariagement en-

B gineers and envi) Onmen al protection technol-. .

,ogy engineerQ ;
As emphasized m an earlier recommendation.
the human and sucxal sciences are of dominant

oot L

It seems likely tha‘l démand for engingers

LN




» .
importance in the education’of environmental en-
gineers. On these grounds, it is suggested to
' foresee at least 20% of total training time, for that
subject group, that is 800-1, 000 hours.

The importance of the fundamental sciences
of matheratics, physics, chemistry and biology
in the education of engineers, and particularly of
environmental engineers, ds obvious. One may -
only add that knowiedge of them affomds increased
possibilities of flexible self-adaptation of gradu-
ates to the concrete tasks of engine®ering practice,
It seems reasonable to consider 20-25% (800-1,200
hours) of total training time as the absolute min-
imum for these subjects.. i

~ On these grounds,”the timé left for tuition in
engineering sciences and specialized disciplines .
i equivalent to 55-60% of totaltrainlng time,i.e,
2, 500-3, 000 hours. N !

¥

.

3 ‘Humarn. and social sciences’

The choice of the scope of_traininé in the hurnan
and social sciences will, of course, depend on
tradition, differ in different countries and in differ-

standards may therefore bé egtablished. ‘It seems,
however, that priority should be accorded to po- . -
litital economy, -psychology and sociology.

: It would be advisable that the teaching pro-
dramrites in human and social sciences be pre-
pared with the help of experts in these fields, as
recommended by the Department of Social Sciences

of Unesco, or of the Department itself

» '\

* 4,4 Fundamental sciences V

Definition of the scope qf teaching as regards the
- jundamental sciences requires an estimation of
the knowledge level of students admitted to the .
first'year of university level technical education.
Since the initial level may differ in various cases,
it mdy be'necessary to supplement knowledge in
mathematics, physics, chemistry and biology,
up to the level necessary to undertake: normal
engxneerxng education, by means of ap‘rehminary
. year of preparatory tuition ndlt includeéd in. the
proposed full cycle of training On this basis At
is possible to propose a repartition of time «for‘

* the teachmg of fundamental sciences as shown

-

ent university level technical schools. No strict in: ’Dable 8. ‘
‘.' ) “ Table 8 - FundaTDental sciences ' v ’ e
3 . 4 . ) .
~ Course No. Sublec o ' N < Hours
- o on . Exercises and
- Total' Lectures ; laboratory
, . o R L Il . ) . , . \
S.F.1 Mathematics 600~700 400-500 100-200
S.F.2 * physics 100-150 . 80-100 - 70-80
.S.F. 3 Y «Chemistry | 100~150 - 80-100 ° < 70-80
| S.F.4 Biology = . -100-150 80-100 70-80 ,
] : ; : _ \
/ Total  900-1, 150 640-800 310-440
L A N s

Proposed syllabl in fundamental gciences are given in Annex III. : : » .

4,5 Common: sub]ects of teaching in all speciglizahons of env1ronmenta1 engil neeri&

Irdependent offthe. earlier ‘mentic ned groups of subJects, one may identify some more ‘common subjects -
-of importance to all specializations of env1ronmental engineering These subjects and proposed teach-
ing times are- -presented in Table 9 - . o

” ’ Table 9 - Common sub;]ects of teaching A ; .

2
\

. Course No. _Subject .. N ). ' _ .. Hours
C : . : e - Exercises and
» e o ) S o Total  ~ Lectures ‘ ”laboratory o ‘
C.1 Mechanics oi‘ fluids . 120-150 .~ .. 60-90 . - ,60-90 - L .
C.2 .Environmental chemistry 120-150 . - 60-90 : ©,.60-90 . .
P C.3 Environmental biology = 120-150 * 69.,90 S 60-90 . ST
C.4 E,nnciples of electrfcal ) , . TR
e engineering and . S f S R -
-electrbnics '120-150 - 60-90 . - - . 30-60
c.5 , Sources of environmental R o
- hazards PR 120-150 . 100-120 - ,30-60 '
C.6 - Man and his environment 90-120 ¥ 100- 20 - -, .30-40 - -
c.7 Environmental law and" ¢ : ‘ L
- standardé . - ©  60-90 \' ' 60-90

' Proposed curricula for these common sub]ects are giVen in Annex m. ) . . e
Lo ! . .

6%
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Programme of training in the
specialization of environmental
managementienglneering e

¥

4.8

R

' Assumiﬁg the vocational characteristic ofoenviron-
mental management engineers as under 3.4, and -
‘.assuming adoption of the pi-oposais concerning
" the groups of human and social, and of fundamental
“sciences, as well as of-the group of subjects com-

' mon to all environmental engineers, itis possible
to propOse a programme of training as presented
in Table 10 (see Annex II). The nulnbers of hours
for training in respective subjects are proposed '
in Table 10 ‘as minimum and maximum hours,
the former relating to a five-year cycle of train-

* ing, the latter to a six-year cycle of training. It

' seems that for this specializationit wouldbe proper
" to assume a’ six-year cycle of university level ' .

- training.

The order of teaching of particular subJects
need not, of course, correspond to their orderin .
.. Table 10. Wherever posslble several subJects
are coupled into groups of problems which may

‘be tauglit as one subject, or as separate-subjects,
as listed in the table. This applies particularly-

the subject groups 'of hydrology, ' water man-
%ement ‘and water and waste water treatment
installations. . ,
'  One miore remark of essential importance
is ‘necessary here: the scopes of all subjects

£l r

o

N~

7
I/I

‘Table 11 - Common subjects for the pecialization of

”

concerning design and technology of, for example,
equipment for air purification or water and waste
_water treatm'ent are supposed to acquaint the
“student with up-to-date trends in the given field -
and with, the technological and economical effect
of particula.r procedures. In prin ple, the train-
ing in such subjects within the proposed number
of hours cannot hope€ to give full ability to design *.
such equipment immediately the engineer graduates.
The basic assumption. of the proposed pro-
gramme of tratgling isthat all students accomplish
‘ obligatorily the’ full prfogramme. Narrower spe-
cialization, on the other part, is possible in the .
frame of specialized seminars for which 200-250
hours are foreseen. The types of proposed spe-
- cializations correspond to the training subjects
or groups of subjects marked with asterisks in’
- Table 10.
" To avoidvmisunderstanding as reg\aras the:
- scopr(oi training in particula.r sub_]ects brief
descriptions are given in Annex: III T

4 7. Groups of common sublects for -
the .spécialization of environmental -
protedtion technoljgz engineers

L 2N
Vi
’

In the programme- of training forese‘en regarding

this specialization, one may proposeé someé sub- -
. jects as common for both industrial hygiene en-
ineers and communal hygiene engineers _The
jects are listed in Table 11.

+8

a

environmental protection teclﬁ\ologz

‘ . Course No. Sub]ec ,Hours ,
$ ¢ "‘ " \ Exercises and
\ Total Lectures " laboratory
. T.C.1 Drawing and design » 120 30 \ 90
~ T.C.2 Engineering mechanics 20 60 o 30
r 'T.C.3 Building technology _ 20 60 . 30
T.C.4 Automatic'regulation , ‘ '
. _{control engineering) 20 60 < -3
T.C.5 - Sanitary installations 90 60 30
T.C.6 .. Management and organization 90 . 60 . 30 ,
T.C. 7 Housirig and the residential _— o : ! ¢
e environment $%» 90 60 " 30 : ‘
' s N2 N - o . T,
; Proposed syllabi are given in Annex III. ' y \ ) ,
P < 4
4. 8 \‘Ttaininiproiamme in the . A / 4.9 Training programme in the

. specfalization of industrial = -

? hzﬂgge engineering ‘ ‘
Taking into-gonsideration all the subjects taught
in.¢conmimon; one may propose the programme of
training in the above specialization’ as shown in.
Table 12, Annex II. Narrower specialization
may be achieved through seminars in the areas

. of subjects marked with astefisks in Table 12.

It seems that with regard to. specialization

o in industrisl hygiene enhgineering, the achieve-v

", 'ment of a full programme is .possible’ within a
five-year cycle of training, For this reason,
‘th¢ propésed total -number of hours is 4,000,

. Veaching profiles f::;wparticular suhjﬁcts are
o qfxggcutt-d in nn ubb ted i‘orm in Annex III.

4

Sy

lﬂck’

i

. “asterisks in. Table 13.

specialization of communal

hygiene gngfneering

Taking into account the earlier listéd subjects
taught in common, one may proposé the training
in this specialization as shown in Table 13,
Annex II. ~ °

lt is assumied that completion of the. pro-.
gramme is possible withirn a five-year cycle of
training, giving a total of 4, 000 training hours.
Narrower specialization may be achieved throught -
seminairs in the areas of subjects marked with-
. Teaching profiles for = .:
particular subJects are giVeninabbreviated i‘orm"‘ )
~in Annex 1, .

R

~
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" may, however, be achievgd through cZ
‘between such un1versity level schools And separate-

, that will facilitate the work of the te,achers

- o R
BN . N

L N

4. 10 Teaching personnel equipment

. .Accomplishment of the proposed programmes of

training is possible only in schools disposing of
a Btaff of highly qualified specialists iy the vari-
ous areas, as well as of addquate laboratory
equipment Each of the proposed groups of sub-
jects, and,in some,cases even each particular .
subject,
rent or Institute, depending 'on the system used

‘in the given school.’ v
"/ 'If one.assumes that each Chairor Department

corresponds to at least one professor with a teaim.
of over 10 collaborators

‘Since the majority of subjéctd must use la- '

' boratory classes, ‘the equipment of laboratories
. with up-to-date measuring instrumentation is an
_ essential conditign for carrying out the training.

In all cases, students should have full opportunity
to make use of computers. It'isalsoobvious that

libraries containingup-to-date books and periodi-
‘cals,- and a properly organized. system of biblio-
‘graphic references are essential as part of- the

gchool.

7 In ‘above assumptions un1versity level tech-
nical education is taken as apasis for the training
of environmental enginef: Positive results

operation

specialized research institutes Such co- ope%aqtion

may, enable
instrumentatjon and equipment '

m
o

4.11 New methods and techmques -

of trainfng

DR ) ’ N

)\ﬁSince the importance of new methods and tech- )

iques of training has been frequently discussed
in the frame of Unesco and elsewhere, there is
.no need to further. elaborate. Let us therefore
only state that the essent1a1 aim of tuition is, be-
sides,giving the student the range of abilities and
‘knowledge' necessary for his future professional
activities, the development of the capacity of in-,
dependent thought. This aim may be achieved -
only by'consistently motivating the gtudent to in-
dtvidual effort and by developing in him attitudes

_use-of seminars and of team research and labora-'
tory work directed at the solution of specific

" problems is essential in this regard.

-Posgitive results in training are therefore
possible onlyin cases where the respect.ive Chairs:

‘ this means that train- .
/ing in any of the discusused specializations nedess{-
tates a persormel including at least 10 professors

- .and about 100 additional scientific personnel

or Departments carryout theirown invéétigations .
relative to the needs of the given countryor region,..’

~and if the students take an abﬁve part in such

research activities. i

-4, 12 Training facilities -"

A

\Independent of laboratory equipment, essential

‘aids. intraininigare manuals, sample calculations,
instructional films,

should be organized as a:Chair; Depart- i

(ore rational utilization of starce -

The -

algorithms and computer .-
MprOgrammes Such facilitieswillbeof particular 6

MC;' . Lo

-

importance to units undertaking or developing
tra‘ining in environmental protection. Essential/
-assistance is here t6 be expected of international
organizations, a.nd particularly of Unesco and,
WHO ) RR ,\\._ } :

4.43 Post- g_aduation courgej

;.

Even a well organized teashing programfne

based on-the current state of science andemploy- '

ing the most ‘up-to- date methods of teaching,,

still would not be’able.to _cope; 'with all the needs y

of the present-day world. There is. always a gap
between the education given by - schools. and the
actual situations inscience, téchnology and social

and economic structures, which are in continual -

evolution.
thus becoming
necessary to s

ore afid more urgent.

Th};:eed for permanent education is
ess the contribution of Unesco .

It As not™

in what concerns the creation of this concept and“f

its diffusion in the world.. Post- graduatfon courses ..

- obviously compose a part of the permanent edu-
cation.
of post-graduaﬁon training: . -~

s (1) Post~graduation. speciahzation courses for . L

specializations related to environme al engin-

One may distinguish the following kinds :

- eering. ~Such courses should, in pr, ciple take -

4-1.5 years, and should enable. the’ completion

inabridged form, of oneof the thred prdgrammes R

proposed for training in a full cycle.
- (2) Post-graddation "advanced
courses for env1ronmenta1 engineers These
should be short duration(seve,ral weeks) cpurses !

-of training devoted to choser problems of en-
vironmental protection. .

(3) Post- graduation courses, of complementary
-training for engineers of other specializations
“gtichyas for mechanjgal, “&hemical, electrical,’

@ civil engineers. These cours¥s shouldhe
short duration {several weeks) and devotedto
the latest achievements of engineéring and tech-

'quahfication R :

2

nology in environmental protection relative to the - -

occupational activities of the respective group of

engineers. .
(4) Courses for teaching personnel meant for

the academic staff of university level schools.

These should be short duration (several weeks)

" cotrses devoted to chosen problems relating to -

the latest world-wide developments in the area .
of environmental protection. - .. - .

. Training courses of the above types may be .'“
organized on a national scale, but a particularly,

- important réle.is here to be played by interna- -

" tional organizations..

' With. this background, it-
is possible to formulate the following: -

Recommendation:
ent types of training courses in environmental
protection ‘should-continue to be sponsored by .

international organizations, including Unesco R

\
\

FINALREMARKS S _v

TLe rapidly growing threat to the environment )
. constantly incréases the demand for specialists. o
“{n the sc0pe of environmental protection and' par-
ticularly for engineers Training ofenvironmental

AT

B L e

The organization of differ- /
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tutions wheyge to date such training_has not been
provided. Theassistanceof Unescois essentialin

 this field, especially concerning recommendations
Sy x- P .
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on the organization of training'brogrllmmes
The proposed training programmes suggested

- in this paper are, of 'course, given ag a basis for
analysis and’dlscusslon which will hopefully lead -

to’the formulation of recommendatlons that will
be more explicit and able to be widély used.

e
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N ANNEX [ , L
P . 7 o i "
. ) o 4 ) . P
. K CURRENT TEACHING PROGRAMMES | - . . ! ‘
. 0 . .
'f’. o ' /’- » Table 2 - Nlustrative Egg»_amme in ganitary engmeermﬁ Sy ot
‘ / ' _ (Sao P%lulo Umveré‘ﬂ) i o Lol
o . o o : ' R : L / LSl ,’,/ " i _ . Number of . :
s oy 0 . » - —_ E
o Co‘txrse I?Io. Jere - ) . Course title o o . helfrs —_
. S ‘Fundamental compulsory courses '; , - o B {"‘
« 0 . N3 . . .' . Lo . .o N . N . ' N
1.0 S . “Sanitary management SR 0o R / 62 / -
2. \. = - Sanitation -a KA : ‘ ‘ 70 .
. T3 * . Water supply and sewage systems . , - “111 L
. 4. ' i ‘ ) 102 - C
'/ . 5. S22
' ’ _ 6. _ Rt} I ‘
7 7. /\ Applied statistigs i ‘ © 103 | / :
8. /. N4 Applied microbioTogy\ o 81 ‘ P
B Epidemiclogy g ; 36 . 1 '
Y 19. - / . Apphed social science b 54
' - Optlona} pOurses _H“:,i ’ - ’
5 . " %, < -
11, - / ~ .Statlst/xcs and samplmg “i".,,’ 28
. 12. o ' Der}nogr’aphical statistics ", o o 45 _
. N 13. - Mathematical statistics; W . (several courses).
e 14. " TFood téchnology ‘ : .28
‘ - 15. _ Industfial hygiene Te 57
16. ' Heating and ventilation ~i " . 45
17~ Aquatic biology .{ . - 55
18.« Sanitation (special problgms) - 58
19. . Land use management and sanitation | . -4l .
“20. ~ Water supply and sewage systems ‘ ‘ . a0
. 21. 6 - Hydrology . oo i : 45
B - 22, o . Sewage and pipelines : . - _’,‘fu L i 19 . .
o 23. ~ ' -Domesti¢ and waste water treatment - : N o
. o o Special problems’ « o . .- 29
L. Desjgn and planmng of water treatment systems - o - 16
. - 24, ) Advanced course in public health management L g (several courses)
‘ 254 Methodology of research in social sciences . oo _ 447 0
’ 26. Sanitary education g , - /o 40 v
21 _ Audio-visual practice (laboratory): - . - e S 28
’ . . ,
' " - o ? " -
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Table 3 - qustrative two-year programme (MSEE}) in water quality mangement
' .]7 (University of North Carolina at /Ehapel Hill) \ \|
. , »
K g / : ‘ : »
/e / . : ‘Hours a week
R ' . ' : s » -.Seminar and .
Course No Course title Lecture " laboratory -
s ; 2 - 3 -
- A , . : . \
o) ) ~ A\
/ 4  1st year s \
fh | A
o Fall semester L .
oy Protapjlityand statistics ‘
® o2 - WateMFhemistry 2 . 2
3. System analysis in environmental pl ning « '3 . -
4. Prlnciples of water quality manage el e
- Spring semester . L - N
Water and wastes treatment pr’ocess/es -V / 2
+ Water and wa te? water treatmert plant design " / ; 2
Biology in emjro'nmental sdiences / , L2/
Sanjtary engineering proble ) | R I y- N 2
o lo } ' ‘ J L SR /-
. Summer seglester . L :
L “ T— ‘ " ; o ) . .
T 9.t Engineéring'| pfoject désign ' 6 -
10. " Sanitary engineering problem - . , -, 346
11. i Spec1a1 progect in water qualit/ Y planning o 3 -
. ~ ,2nd year .
Fail semester L
12. “, Water supp1y and waste, water dxsposal systems 2 3
13, "' Limnology and water polluion ' L2 roby
14, .- Chemical reaction engineering o . .. 3 2
15. Natural resources law and policy ' 3. -
) st :
Sprmg semester o " ! ' S
» . ) . \‘ . « -
16. Epidemiolegy in environmental health . PP e g . -
. 17, Industrial water quality management ’ 2
18, Topics }5, advanced hydrology 3 -
19. Special%bpics in aquatic chegistry . : .2 ~a
20. Reading problem or elective o 3 -
. Y : &w w . N I
T =k
‘ .. : A . (v L . wy
_ a : R ,’ :
' R o . ™ ‘. ) .
* - . ‘. . 14 Y Y . - .
L P, o . - . _ . S
..jl" “ i I, ) - o . 4 'IQ . ) . .
. ii . ‘l‘ ) o o i" . o
3 A P - 8 ) . -
P - « - P - u
e IR - o é . ,
. L . Tl ® .
Note: . Each student must take ‘at least twg*courses in the School of Pu%hc Health outside the Env1ron ~ 6 7 e
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Table 4.«’- Illustr‘atwe two y ar progra e 1n air pollution control
AR (MSEEL or MSPH) ‘ o ,

»
Y

- Hou‘rs\-é week

. % .~ Seminar and
'Lecture s . - laborator

4

'Elements of prob.abllity and stat1st1cal inference.
_Air pollution measuring, momtormg and survey
Mechanics,of aerosols
A1r and. its contammants
' Meteorplogy

‘ Sprwe ster

" Problems’ in air pollution _
Industrial hygiene practlces

~ Air pollution control '

"Air gollutmn meteorology’
Epid m1ology in env1ronmental he lth

.
s;

/2nd year _ ,
FAll semester (stresses planm g and admm1stratlon)

oL
o s \ ” nv1ronmental syste analysls determ1mst1c models
Industriat water guality management
‘ Natural resources law and policy
. *Two of the\followmg Coas . :
' _ Introduction to urbamsm ‘and planmng
Plannlng theory
. Urbanism seminar ’
" Planning and ‘co-ordination
Municipal government in the United States of Amer1ca
State pohtlcs and pubhc pohcy
Urbah pol1t1cal systems )

r

W W L W T

5]

Planning and government . -
. Government and.politics in metropohtan areas
Intergovernmental relations’

"wbos tc‘a'
.‘q. -

2nd year o v

<

B l’ SprnlLemester

16 .. - v’ >.E1ements of statistical analys;s o :
l7/j o ’Env1ronmental systems analysls II; probab1hst1c models
18. Problems in axr pOlluthn

- 0w L

T w0 L e W W ol G

Two of the’ followlng o . P S
G
- Transportation and technologlc systems
" Urban econormics

Reg1onal sclence techmques - e
Metropolitan analys:.s and development
Planning law . o B
'Land use systems R
. Banvironmental planning ~ . :

' ﬁ . Mumc1pal admlmstration in the: Umted States
Adm1n1strat1ve theory :
Public adm1nist~rat1on and policy-.makmg
Law and publ1c pohcy,

s Le/Fal problems m pubhc adm1n1stration

B

ot
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Table o= Dxaﬁple of a one-year programme of study in environmental management

R . (MSPH) ~ s

¥

I ‘ , . ' Hours a week

: : S ~ Seminar and
Course title . ' ,Leéturel - laboratory.

Fall -sémésEeb . .

: - -
Principles of statistical inference
Systems analysis in environmental planning
Public investment theory and techniques
Public administt:aﬂpn Aand health
Principles of water quality management

Spring semester

Planning and developmeng of environmental
hygiehe programmes "~ - *
Natural resdurces law and policy
Epidemiology in environmental health.
* Publi¢ administration and policy making
Environmental planning -

N

Summer session .

'E'ngineering pi-oject‘ degign
Man and his environme t,
Problems

Full Tt Provided by ERIC
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‘Table %6 - Nlustrative five-year programme in air poilution control
“(Politechnika Warszawska)

o

Course title

Hours total

.Human sciences T - ) . 832
JFundamental sciences o j ) _ ‘ .
Mathematics w7 . . 7362
Probability and statistics 144
System analysis . * 96
Computer programming / N 96
Physics _ . . 160
‘Théoretical mechamcs e : - - 80
Chemistry . ' . 128
S o Total: 1, 056
. - ,~\ T w{ . .
Engineering sciences
Mechanics of flulds -~ -~ : A : 160
Thermodynamics v - . 80 -
-Technical design S ‘ e - 64
Geodesy ! o . " 64
Electrotechnies and eléctronics : S o 80
(nstrumentation and measurin . T . . 160
. . ‘ ( - - v, . ’ ) . ‘ .
' L ’ ' Total: 7 608 .
. . v ' : o
Spgcialization disciplines o e .
Environmental chemis}ry o ) . 96
Fnvironmental biology - . ‘ : ’ 80
Principles of hydrology. . S . 64
Dynamics of the,troposphere ) o . 128) .
Meteérology , \ . 160)
industrial sources of environmental pollutxon : : ; 124
Air pollutlon measuring, monitoring and survey I +192)
Air pollutlon meteorology ’ i .. o 192)
Air pollution, control technology = -+ " -. - 144)
Elements of envxronmental protection 160
Urban and regional planning s “112
,Specializathn seminars i 192,
- . N ‘ Total: 1, 644
™\ Grand total; 4,140




Table 7 - Course proEamme

.- i\"—"
. ° - Sanitary Engineering Centre, Rabat
§\~ . : International Training in Sanitary Engineering
— : Hours ,
. ' e
Course No. ' - ’ : Course title Lecture  Design  Laboratory
1 » T 3 4 © 5
st Group : .
" 1. Complementary civil engineering and hydraulics 45 - -
2. ¥ Sanitary microbiclogy’ 45 - 38
C30 Sapitary chemistry 45 - 45
Lo 4 Domestic water treatment 30 -30 18
N Waste water purification 45 45 38
N ' 6. Habitat and urbaniam 30 .- -
' 7. Rural sanitation o . a 23 - -
8. Air pollution and industrial hygiene 23 15 -0
9. Domestic wastes disposal and treatment 10 5 -
10. Complementary urban hydraullcs 15 - C -
11, Seminars’ - .30 -
- 2nd Group
Y'Y . General hygiene and’parasitology " 30 - -
13, - Statisticd and epidemiology 15 7\ -
14.7 g Paludism and zoonoses ’ 23 10 -
15. . ‘Tropical hygiené = 15 - N\ T
1 “16. ‘. Food salubrity hygiene 23" 10 "
117, Sanitary education 9 - .
18. Public health administration 10 T -n
19. Elements of nuclear hygiene and of radioactive ' )
t waste disposal * 15 - ‘ -
20. Visiting and conférences - 38 -
L ; * “potal: 451 190 139
. - (58%) (24%) -, (18%)
N [ . . ) i
a * | I
The fouowing programme is. base on the followmg scheme: ) ' | ’
. M I
v / ‘
1. .Two semesters per aca <\year
2. Each semester of fifteen weeks. 7 o
3. Each academic year includingia, ‘total of 780 hOurs, comprising lectures, practical
. ‘work. seminars, vigits and c¢ nferences
4. * BEach’ wefek has 26 hours of effe;ctive activities not including the student's ndiv1dual
work
5. Theoretical courses amounting to 58% of the programme ‘
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. PROPOSED TEACHING PROGRAMMES
* . ‘ ’ - : ! . /,’ - V&\ .
N | Table 10 - Teaching programme in environmental rhanagement ’ x K
. . e v . }lours R
. 4 . \ *
’ < @ o ’ - o : .
7 . s . . S B j‘\»- Exercise and--
) Course¢ No. . Subject o : Total Lecture * laboratory .
* e, » ) . . v' . . 4
- H.1 ? Human afd social sciences . 800-1, 000 600-700  ©  200-3Q0
S.F.1 ~ Mathgmatics , ; . 600-700 .,  400-500 200-300 *
S.F.2 Physits ;. : s 100-150 60-90" 40-60"
S.F.3 - Chemistry... / - 100-150 - 60~90 . 40-60
o S.F.4 Biology " , - . 100-150 60-90 40-60 ’
‘ . , . \ . . . - E
c.1. Mechanics of fluids = 120-150 60-90 ‘ 60-90
.C.2 . Environmental chemistry. . 120-150 60-90 60-80 .
C.3 Environmental biology , - ' S f20-150 > 60-90 - . 60-90 T
r C.4 Principles of electrical engineering ‘ ‘ v ' .
_ , . and electronics -~ . . 120-150 °  60-90 30-60
C.5 T s "The sources of er’i,v‘lronmenta’l hazards 120-150 '100-120° - - 30-60
.C.6 " » Man and his environment o 90-120 100-120 - 30-40
Cc.7. . Environmental legislation and standards.. - . 60-90 60-90 -
. : s . . . | ’ - . o .
ML Thermodynamick . 80-120 . 80-80 30-60'
M. 2 v Measuring méthods : - 150-180 ‘ 90-120 60-90
© M. 3 Environméntal informatfon systems’ © .120-150 60-90 60-90
:' . . : to
o H.C. 1% -l»l‘ydro'logy and water management 150-180 90-120" ' 60-90
. H.C.2 Water and waste water treatmgnt : 120-150 80-120 30-60
3 ) g 2 ' ’
M. 4= Meteorology and atmospheric diffusion® 150-180 9@20 60-90 -
M. 5 Air pollution control ) . 150-180 90-120 30-60
H.C.3 Solid waste treatment ‘ 90-120 60-90 30-60
- M.6 _ Environmental planning © 90-120 } 60-90 30-60
g M.7 -, Environmental system analysis . 150-180 80-90 - 60-120
M.8 . I ngineering drawing € ’ 90-120 : 30-60 . 60-90
M. 9 . Specialization seminars N * . . 200-250 . 60-90 " 140-190
IR Grand total: 4,000-5,040° . 2,490-3,360 ~ 1,440-2, 300
\ . ' . ' .
. s ~
B
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Table 12 - Teaching programme in ‘industrial hyglene englnoerfnl

tHours

w

~ o . - Exercise and
- Course No. » Subject R 'l‘cltal Jadture lm?,orntor_y'

u

¢

Human and sbcial sciences ) 800 600 200

=
-

Mathematics . 600 400 T\
Physics ' S . 100 6o 40
.Chemistry ) : . — : 100 60 40
Biology ‘ . : ~__ 100, .- GO 40

mmmE
o W =

n

-Mechanics of fluids ) , 120 g0 30
Environmental chemistry 1200 “ﬁm 60 ,
Environmental biology ’ ‘ 120 o= 60F ' 60 ;
Principles of electrical (ngmoorlng and electronics 120 \'T\‘H T30t
The sources of environmental hazards ’ 120 B | U 30

Man and his envirénment . : 1 o0 so - 30
invironmental legislation and bt.m(lnmls 1 6o -, GO ] -

a9

nan

S

ioheXe)
B I I N

~

I)Arawing and design ‘ 120 © . 3b
Fnginecring mechanics. - . o FHTU (o
HuildiJnJg/techno'log : ) 90 fiv'
Automatic regulation (¢ ontrol engin( cring) . -, 00 ST I
Sanitary installations : ‘ cw D0 6o
Management and organization 90 60 .
Housing and the residential environhenat © ) - L 1 L

[
A
e S

. i ° . o , . - . . .
“Thermodyhamics ' : 10 a0 260
ating, ventilation and conditioning , | ' S0 1350 - . 120 ..
. . 00 L 60 .30
‘Noise evaluation and control . T | T Y (1) IR 30
Protection from radintion — 90 T RIT
Specialization sofninnrs . J 200 - 609 . 140 .

'
e s < e e« #

A

Grand tota): 4,000 0 72,570 1. 430
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able 13 - Teaching programme in communal hygiene engineering

- . et

n

Human and social sciences

, -

.~ Mathematics *’ Vo
* "Physics K *

Chemistry ) - o

Biology™ .. S .
Mechanics. of fluids Iy

"« Envirofimental chemistry ~

" Environmental biology ~ \

The sources of erivironmental hazards '
Man afid+his envifonment
Environmental Ieglslatlon and standard‘b

) A d
_Drawing and design - . s
- Engineering mechanics S C
- Building technology - s

. -Automatic regulation (control engineering)
Samtary installations
Manggement and- orgamzatlon

Housing and the residential environment
) “ .

v

‘«

Hydrology and water management © .

"+ water and waste treatment processes

Solid waste collection treatment and management

‘ Vector contro} S
% Food sanijtation and hygiene ° e '
. ‘Specialization seminarg. ' .
Grand total: -~ -~
1) .
*

Principles of electrical engmeermg and electronics

.
v

" Hours
" \ Exercise and c‘), \
Total Lecture laboratory
/
- 800 600 200
. , . R
600 400 200 '
100 60 , 40
100 60 40
100 .60 40
0 .. -
120 90 -30 . v
120 60 60 .
- 120 60 60 "
120 90 30 |,
120 90 30 .
. 90 - 60 - <30 "
60 60 -
o,
120 . 30 90
. 90 - .60 V30
" 90 60 30
90 60 -30.
90 60 30
90 ©.60 30
90 60 30
_h1501“\“' 90 - 90
180 90 90
180" 90 90"
90 - 60 . 30 _—
90 60 30 e
L0200 T 60 % 140 -
4,000 2,530 1,470
» 4
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' . ‘
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ANNEX 1

Y H
o . 'SUMMARY OF SPECIF¥IC SUBJECTS TEACHING \"ROFILE,S m
-~ a0 B R L
. ., * v ! NS i
Remarks o ’ . / » ‘| Teaching of the whole material may bk con-
‘ e ‘ . &/ ducted in.one sequence, that is, divided jinto sep-
All suggestions presented here are t ine, in arate elements. Provision sho\xld be made; that
principle, merely the scope of training. The o mathematics be taught for at least three years i
-elaboration of details requires consultation with ‘The number of hoyrs needed to achieve the com-
specialigts in particular fields. plete programme of trammglinclddmg exercises
' Inthe programme of training of environmental may be estimated as equivalent to ‘600 700 hours.
management engineers.and of environmental pro- o
tection technology efigineers, mention is made of S.F.2 - Phyygc‘ / _-\\x
. subjects having the same title dnd covering the . /- \ I
same scope of training. In the gase of environ- ngld body dynamlcs Kl;uis, classes and pro- -\
mental management engineers, I&xowledgeof the perties of pt]ysxg\al fields. Motion in the field of Tt
problem should, in principle, cover the techno- forces. Damped\oscillation and forced vibration. \
logical and econemical effect of partlcul.u' sys- . . Wave equation. Klements of room hcoustics, '

it're- * Infra and ultrasouhds and their appiication to en-
sor . gineering. [Equatiopof the kinetic theory of gases.
Entropy and probability, Phyblcal interpreta-
tion of nic equations, / Phase trang- -
itions.. of masg,; momentum ,And
energy transport m gases. I)Ufu sion, osmosis,
tension and viscosity of [lui(ls. Qu_:.mtum‘
Electrostatic field an fl its properties.
cal “tonductivity in fluuls and gases. .
bers.; Metric and vector spacek. ] Magn tic field, Electromagnetic waves, “Ther-
culus of single variable function\ mal radmtﬂon Radiatiorr q;Zanta r‘Rad,‘ation
sis. Simple integrals. (ieomefrica¥an i ./ quantum energy, mass and momentum, |
application of definite integrals.
" ential equations. Matrices," lings
tems. Apnalytical geometry of s
variable functions. Binary and §

tems or installations. In the other case
- ! . fers tothe ability of desxgning such syste
installations. &

3

N

1. Fundamentdl sciences (S. F.)

R S. ¥.1 - Mathemjatics

]

Huan-
tutry model atom. Nuclear energ) RReadtions of -
at mlc nucleus 'fission and ar/mlysls /

equation sys-
ds. Multiple \

S. 14 3\— (ieneral chemls_ry/

*

Curv11mear and superficial integ \ i .
' ofvector analysis. ‘Function sequgnces, and series 4 The \ﬂln amental terms, lu\vs and chericpl re-
Complex variable functions. Fle 3 A J actions, \ The inorganic c mpounds of/the|chem-

;/ ical €lements from the, ''sip. d, f, " blgcks
" structure und properties of these chdmical ele-~
I‘ e inorganic cotnpOunds i /

~ I3. Statistical methods and/calculus Yof pr

ability. Random events. , Con
y events. P’robability of rando
\\of event sets. Measures of i

ents of Marcov processes.
istribution of random vari
m samples.
sample

Hypothesw testing.
ry of predlction

vy

.Stoch(g,tlc prog rammin.
( n“xputer pro 'ramiming and nymerical

.S./l« 4 - (.eneral bio ogy \

\ methQ 5. " {'omputatiod and numerical/methods -
\ napplic.utl’nto scigncp anid engineerinfi,  Funda- R ssentlal knowledge of taxonamy .morphology,
pent.x blm, sof typicdl . orhputvrs. l‘unduamental hyelology, parasitology, eco og ‘of plants and
nbtions ef phogramnmipg. | FOR'TRANY and ALGOL. - /amm.nl ccology. Elementary Rnowledge of the
\ '\' m :rical migthofls. [Approximate ufr’ier e‘al in- | human ecology and ecological lystems action.

' Nm rica} differentiatipn, '[nter"po~ ‘ -
Iat n and apg broximdtions. Matrix .algebru Commpn SubJeCtS of teach ng in all’

fal Mettlo s of algpbraicdl lincar and/non- ling a;f\ spoci.,(lizations of environmental ’ N -
/) u,uu:ti Y A[)Rroxin\lll\’(‘ resoh thll ogt“( ffeg‘ engmeermg (cy - L -

Cll - J\/E‘(.hanics of fluids

aitial duitiops. ‘ ;
L7 P potidn of ‘ehy e ring 1 mtlu m.ltit('-x” is

T «l« rstood in (hlf(_rvnt wirys, he \h'ulo ‘ f the e h )
AU uul sgope of tend m;,, -.Imu «l th( refore be l{_y(lro‘ fiodics., 'J;‘lui(ls in mot’ion}” Types of flow,
Cljjee ‘to s tailed diy; ligations of Bernouilli equation. - laminir

. y . . N

ya

Tt
B
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4‘ 0
" -;
and tuirbulent flow.  Viscosity ol a fluid,  IFlow ° T.C. 2 - Engincerigy mechianies
in pipes. Orifice.  Mutages: Obstacles! Cen- ' v N .t
tril"ugul pump. Methods of flow measurement, " . Anualysis of stresses and deformations. 1icams.
' Board. Dynamic and thernal effects. l"lltigl'lt‘.o
- . .2 anuomm.ntal chemistiy . Soil mechhnics.  Statistieal méethods, ,
) ™ 4 ' »
Chosen chemical processes in nalural and poliuted . &3 - Building technology
Lo environment. Physical aud chemnical examinations ) T . _
- « of water, waste water, sediments and soil in sani- Building materials. Prefabricated elements,
j tury.learning. Methods of instrumental qualita- Tr'unctionality pringiples of building - housing,
tive and-quantitative analysis and their applica- administrative, industirial, ete. . Stability, dur-
tion-in continuous or automatized checking ofair, ability and maintenance. Pxecution bf traditional
) water and soil pollution; optical methods, mass . building. Systems of industrial lnuldmt, Ther-
spectromctx:y, clectrochemical methods, iso- mal and sound mbulahon :
topic methods and technigues, chromatographic o ’
. methods. Application of chemical methods and 1 C. 4 - Automatic regulation .
techniques in the environment protection and puri- {(control engineering) ) !
fication processes. :
- ° The controlled system and stibility eriteria.
(.3 - Iinvironmental biology - Process characteristics. Controller claracter-
istics. _C\ontrol elements. - Pneumatic control.
Sources and ways of sprc;ulmg infectious discases Itlectrical control. lilectronic control. Miscel-
and environm@nt quality criteria from the sani- - laneous topics. System design -
tary point of view. Autopurification processes - ’ .
v of water, air and soil,, and their utilization inen- T.C,5 - Sanitary installations’
vironmental protection, Utilization ol microbi- ) ‘
ological processes in waste nater, sediments and Calculation and technoldgy of pipes,'&hénnels,
solid waste neutralization. Biological methods to rescrvoirs. Building materml:; Water distri-
estimate the impendence and the effectiveness of bution insid& buildings. Cotks. Waste water
means in processes of environmental protection. disposal. Sewage. Venhlptlun. Drain traps.
: . ’ ' * Lavatory appliances. RKitehen, bathroom. Other
C. 4~ Principles of electrical and . N installations. :
electronic enginecring’ - o : ’ s . » ; J . : !
! T.C.6 - Management and organization . v
Umts., IBlectric field. Magnetic tield. [Slectro- ’ o . : ¢
agnetlsm Islectrolysis. Induction. "Trans- Iirms operating on both large and small scale.
formers! DBlectronics. Rotating machines. Source of finance. Kinance control. Price .
. Methods of mecasurement. . policy. Costing and estimating of the indusiry.
. - ) ) . Production control. Research and development.
* . (.5 - Sources of ecnvironmental hazards . - Huwman re]atlons in industry. 'Management
) ’ Lo pl‘lﬂClple. ) : - < .
Industry, transport, housing, agriculture as ’ , v . . . -
V. < gources of residues and wastes (solids, liguids, " P, C.7 = Housing and the vesidential . 0
gases) and physical factors (heat, vibrations, _ environmeht - '
radiations, etc.). . Relative emission values., o , e
' Health agpects ol housing.. I’lanning, roning and
C.6 - Man and his environment ' development control. Building regulations.
. Housing design standards. Appraisal of housing
Environmental hazards - biological, chemical, and of its environment, [nteln'ltxondl houbmx )
] physical, psjrc“ho‘logical. sociological. The effects® - conditions and px‘ogrammes -
. on human beings, on animals and vegetation, on ] . '
materials. tlements of human ecology. * - 4.  Programme of training in the
- : ' specialization of environmental . ,
. (.7 - Bnvironmental 105151.1t10n ' . management engineofdig (M) ' :
. and standards o . \
. .t ’ M. 1 - Thermodynamics = . Ve
Quality criteria and standards - air, water, food. \ R )
_ . Standards of vibralions, noise, radiation. Iin- . 'Thermodynamic mml_) sis in .1pp11 ations to air
., +.. 7 vironmental legislation. ’ and water protection, including: thermddynamics’
IR ) of gas mixtures; combustion; Tenergy, heat and
. 3. Comunon subjects for the o ' maygs transler systems, '
, specialization of environmental . : ‘ : Lo . ' ?
protection technology ngmee_rs (r.c.) ' M. 2 - Mecasuring m(%hods R
I'.C.1 - Drawing and design - o Instrumentation and toclu;%]l:y for measur mb of - LS
! ° : ) - air, water and soil pollutiomr™ Meuasurenwent ofs )

{’" . . - Lo o N : L
"7 Ruowledge of technieal drawing sufficient to en- " meteorological and hydrolegical data,  Calibrgs-
Q uble the execation of instullations' designs, 76 tion‘methods.. - L
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M. 3 - Environmental' information systems,

. Source inventory methods, Collection of data
Air and water quality monitoring, Momtorlng
. systems. Selection of instrumentation and

methods.’ "Number and Jocation of sampling sites.
Sam g frequency and duration, Inferpretation
of datax Computation and data processing.

. M, 4.- Meteorology and dispersian of

pollutants in“*the atmosphere

‘Theory of diffusion of air pollutants,
theoretical, empirical and analogue. Application
to practical problems and computation,” Single
and multiple sources. Modelling of diffusion.

Models:
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"and maintenance,

1 . ) 0y

L1 2 - Heating, ventilation and ‘
conditioning -

N A. Heating, Calculating of the total heat

loss for the building. -lieat generation systems. < R
Heating systems - hot water, steam, ‘air,, ‘
Individual apartment and urban heating. ’[‘her-

mal boiler‘stations, Control and maintenance,,
Calculation and design of installations. Meas- * -« _‘
uring methods, ' o ' ‘

e

‘B. Ventilating. Natural and artificial -
ventilating. Exhaust. Fans, Ventilating
systems - residences, public buildings and
facilities, industrial, -etc. Automatic control |
Calculations and design of |
Measurement and instru- N |

v . } |

Stack design.from the meteoroldgical point of ventilating systems. -
view, Pollutants transformation, ments, ' e
v M.5 - Air pol'lu"tion control C. Air control. Theory and practice of
: - T . dust precipitators andair filters, Automatic
revention at the source - energy ‘saving, ex- control and maintenance. Calculatlons and
‘change of technology. . Dust removal techniques, design of air control systems, Measurement
Putification techniques - nitrogen oxides, sulphur and instru,ments. : .
dioxides and other gas pollutants. “Technological ¢
and economical effect of respectwe systems or D, Air-conditioning. . Process and pro-
installatlons duct of air- conditioning. Engineered refrigér-.
i . - ation systems. Automatic control and main-
. M. 6 - Env‘ironmental planning’ teriance, Calculatlng and desxgn of air- .
. ’ Co .- . conditioning systems, 'Measurement, )
o Problems and issues in urban and regional plan- » o ' o
ning. Resources and industrial growth potentials H. 1.3 - Lighting\
in rew areas. Population forecast and study of ) ' T
causes and effects of population rmgratlon to Language of. light, nght souces. Lighting
megalopolitan areas. New citles and their needs - & units, Lighting requ1rements\ nd de\sivgn -
~ economic, social, cultural,. 1n,dustr1al commer- residences, office; hospital, 1ndu\stry.!\ Light
cial, transportation, etg. Land uge planning, measurement, C \'. :
. Recreatidn needs and their rélg in planning, . . , Co ) i
Pollution problem in urban and regional planning. .1 4 - Noise evaluation and control R oo
2 . :
,M.7 - System analysis N _The physics of sound Noige measurement
: L : ‘ Nolse control - by insulation, by vibration
) ° Concepts of system analysis. : Modelling of en- damplng Barriers gnd partial enclosures - e
..« Vironmental and urban sygtems. "Model construc- _for noise céntrol, Noise control systems - -
" - ' tion and analysis in an uncertain environment. residences, public buildings, -industrial, 'et(‘;j.
M. 8 - Prawing and technical design a i, 1. 5 - Protection from radiation ' «-.‘
N Knowledge of technical design sufficient to enable Use and sources of 1onizlng radxatl\l Lffects
- \_reading of maps and of installations design draw- of radiation. Radiation measurements Bro- .
Jdags. Ability to draw installations diagrams, tection from radiation. . \ .-
: B A3 P
5. Programme of training in the \ 6. Programme of training in’the s
specialization of industrial .- T ’ . "specialization gf-€ommunal . o P !
hygiene cnginecring (1L 1.) -, s - hygiene engirieering (JL.C.) - ]
s LT - ,’[‘h,ermody'nami_cs I.C. 1.~ Hydrology and water '
“ - I o e e - ' management '
: \’T\hermodynamlc analysis of englneﬁf{!ng systems, i : B
fmcludlng thermodynamics. of gas mixtures, ~ - C.roundwater occurrence gnd exploratlon S e
" physical chemistry of combustion, and thérmo- o Estlmation of water needs and water resou\Q‘c -
v dynamic hook-keeping for mass, energy and e study. Status and trends for the future., Water
¢ entropy. é\p#licatlons to combustion, power resources plannin, conse-rvatlon develop- \
o Ceyeles, refrigerator cycles, ete. Tieat trans- ment and management “Application of systems
migsion - donduction, xadlatlon, convection, . <lndIy‘-l‘- . e 4 - SN
Calcul: ition and’ dm.ign of heot and mass transfer - X o S _— ' L N
L-y‘,u ms ‘Measurcment, o 7’7 \ . S DU STy
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H. C. 2 - ‘Water and waste treatment S activity, site selection and land use. Composting,’

processes’ : i L Incineration, Hydropulping, Industrial solid

. & - waste treatment processes, Economics of solid
Dri.nking water treatment processes - sedimenta- ““waste systems, | ' s "
tion, filtration, disinfection, demineralization, )
chemical improvement, Water for industrial use - H. C 4 ¢ Vector control .3~
characteristics, treatment, Water supply, waste ‘ : o K

1 water collection systems, Treatment processes - Mosqtitoes,- ﬂies, cockrd’aches spiders, ticks, ‘

preliminary, primary, secondary, tertiary disin- bedbugs rodents - technical means of prevention o

" fectign, Sludge treatment, Industrial waste L. L

treatment processes,- Combined ;ndustrial and H, C 5 - Food sanitation and hygiene
domestic waste tréatment, Economics of waste

treatment systems S - Hygxenic transport storage and distribution ot~
. A food and beverages, Control of contamination y
H. C 3 - Solid waste collection, - ~ chemical and biological agents,

treatment and management : ‘ L -

Collection systems, Sanitary landfill, disposal o
process, equipment and operation, biological

. . v
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INGINEERING l])l')lWC‘/\’l’ ON AND T HI" l' NVIRONMEN l‘.

by James M, Ham

SINTRODUGTION ¢
~ This papev irivgs the author's views of How the

_shape of (‘n;,,meermg and technical education as a
) \vhole should u‘spon(l to concern for the environ-
ment,* It does’ not address the problems of the

educatlon of specialists in environmental studies
- and management (such as the traditional sanitary

.engineer or the enwironmental health engineer (1),

» The approach is from technology to the environ-
ment rather than the converse,

Although intense puhlic concern about the
impact of human activity on the environment has
arigen only during the past two de'cades, the pro-

_cesses whichare at the roots are historic, and it

is important to set an historical- per spect}ve for
this paper, (**) This is especially important to
umtlerstanding that diversity of views which will

be taken by countriels in different states of tech- :
» ‘nologlical <lc\velopment (2- 6)

fne's attitude to
_the envndnmc'mt depends m particular on one's
.perception of "frontiens',
avallahle for” activity that have iunclearly per--

ceived limits, For'most of us the very air, the
water of lakes and rivérs and the soil under our
feet have functioned and continue tp function ag

Frontiers are regxons

(,’)

industry ;and institutions ig an expréssion of
the teleology of man, The scn(‘nces function
to establish some of the limits of [)OSSlblllt.y ]
for technology but they do ndt determine spec-
T ilic outcomes, Specific gutcomes are the

result of humag intent, ® Polanyi (7) has ex- =
plamod that the essential difference between |
science and engineering is in attitude to im-
posed boundaries,- Thus when a chemist con-

- tains an aequeous solution within the bounda-r_-ie’s
of a test tube his interest is in the solution not
in the test tube, On the other hand when an
engineer devises an operational steam ‘engine
out of shaped elements such as pistons, valves,
levers and gears, his interest is in the func-
ltional performance achieved by,imposing
boundary conditions and constraints,

“Technological intevvention in the environ-
ment must be seen in its three (‘omplemontar Y
aspects: .o )

(i) of |')Fotecting' man from the threats of
the environment - [)Cbl.ll(‘ll(‘(‘ sta rvation
cold

(n) of contr lbutmg to the devclopmenl of
man ‘himself ’ .

. (#i1) of protecting the environment hom

@

storm, .

frontiers, "o the economist air and water have ill cohceived intervention, -

. “ Ieen "free goods”. Tiut apart from conceéptuak “ g .’ 'The first two aspecls are associated with

| frontiers, major jocal frontiers exist for many the;historic processes of technological develop-
countries, [for example, the Amazon NRasin for” mert, -The last [el,lt} to the nmpact of o
Brazil, the Aretic fQr Canada, t|l»e virgin lands - industrializing ma{\oh the biosphere, . In ~
of Siberia rof the USSH, . -Roman ctv111zatlon, for example, the deforesta- o

Now, however, for the first time the space tion of ‘the Mediterranean basir changed the e
exploratinon programmes of the USSR and the U. 5. A, , " macroclimate of the region while the use of | "
together with modern communrications systems,’”’ “lea/d' in food utensils had dysgeniceffects on_.
have revealed the earth to the public conscious- ~_ the Toman leadefship (8. Neithe‘r effect was
™ recognized at the time, In a complémentary

S, ness as a closed finite system, a global spaceship,

() The author is Chairman of the Committee on’

i Iingineering, Iiducation and 'F'raining of the .
World Federation of Engingering Ofganiza- a
tions, Professor of 1} lectmcal lingineering
and formerly Dean in the Faculty of Applied
Science and Engineering at the University of

# ‘Toronto., ITe is a member of the National e
Research Council of Canada, Cur rently he

. Teehnalogy anrl man

% . P
\ .

\Vhexksmence has th%lngle\undu girding )
purpose ol‘ 1s<.ovvrmg what is general in what
is pafticular;~cngineering has tllc purpose of
particulnri'zing oiitsef what is generally possible -
to build-cities, roads, ships, ‘power stations,
chemical plants - to mine, to foresty to fish, to

farm, The purposes expressed in the technology, is a VTSlblng Profé'ssor at'the Massachusetts
which is the progeny of engineers, abvc‘hitects,‘ Institute of Technology and an affiliate of the - k -
artisans and artists are diverse - a complex of [nstitute for the History and Philosophy of = ~
+ personal, corporate, sogial, national and inter- \ Science and Techhology ﬂt the Univergity of S
) national perceived necds and aspirations, * Tech-, \'1\ Y‘Onto- ) ‘ .
_ nological artefaets and systems the\reof created () ’“ le historical clagsic-on mining and. metal-

lmgy, De Re Metallica published 'in Basel in o
1556 by Agmcola {George Bauer) the author oy

- wrote: ...t remains for me to speak ot‘ the
ailments and .accidents of miners, and the ’

" by the puiposefyl activity of man through the
~shapigr of materials, the control-of fgrces and:

the structuring of intormation are all interven-

tions in the natural order in the sense that they

3

arce planned, designed, conslructed, operatéd S methods by which'they can guard against
‘ddministered where néne were there! hcfore. o The these, for we should always-devote more
' patiiral eeosystem including man as a species that we mal

care to maintaining our heglth,
freely perform our bodily glmctlons than to
rg.mkumr profits, . .. Dover T’uhhcatlons Ine, &
Book VI, p. 214,

develops by the interaation of | vlvmmmlcally\
generated clerments (plants, animals,
Mr:ls)

msccts \
Hum’m A hvn.y ag exproes h(‘(] in tg(*hnology, Foo Ny, I 50,
\
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'way,. the introduction of the-ox,drawn iron plough " and of supporting labour are largely to blame,
L * . in the Middle Agesgid much fo alter European: - While: division of labour has, as part of the

e ma.n is attitude to the earth from that which is the . economics of scale, contributed greatly. to the .

(i Migin ‘0f necessary sustenance to.that whichis a * efficiency of ‘technological methods for p_roduc- :

- f__;; v, ‘regource to be exploited (9). Yet at all times - - ing and replicating machines and their products,

R technological intervention has been part of the -~ it'has also contributed to social as well as en- - |
impetus to syrviyve in a far from benign total - vironmental disturbance, Inthis regarditis =« ’
A environment which is increasingly dominated by © © " well.niot to have utopi expectations of engineers
PR .the artefacts_ of man, and in particular bis -, ¢ as environmentalists per se; However, there * .
"~ . cities, : o o > ~is a distxnctive basis for an. 1mporta.nt contribu-
T Since huma.n 1ntent has ~diverse expreSsion in tion. o : . o
‘. + the cultural and political history of many nations, Co , I
it is reasonable to expect there to be diversity in . - The limitations a.nd potentialities ' .
*  the processes of reconciling. technological crea- . of engineenng R ! .
) .. tivity with the inherent consequences of inter-
. vention in the hatural ecosystem, One xﬁay con- ° , In designing to realize a given operational‘
‘ ‘clude from these brief remarks that it is encum- prineiple in a machine or process, .the engineer
Aj’bent upon the engineering schools of each of our _particularizes out of what is generally possgible ~
" countries to teach with clarity an appreciation of . and in the effort to achieve an effective.and V
" how the processes of technological change are . ‘economical design must concentrate on the
+ perceived and motivated as regards ocial, 7 ": - purpose at hand, It is intrinsic that the develop-
economic and environmental development, - Our *“ment of an engineering design cannot-encompass . )
, " engineering edpcation has been too insensitive to - . all of the consequences of the creation of the- - -
A the historical robts of the relationships’ between : 'technology either in termsofitsuse forintended '
3 .. .technology and man (10, 11), The new concern o - ‘purposes or in terms of its unintended uses, .. /e
A . for the environment can bé % stimulus’ to - _ " This shortcoming may be termed, the railtzo "
R ‘strengthen studies of the social sciences and . - ' desi@ v
o _humanities that are integrally and not periph- oo In this donnexion it is useful to nbte that .
» . erally related to the roles of engineers and of - ' modem technology unlike ‘ancient teclinology is
other technical cadres. .The problem we face is . . self indicting. Whereas lead poisoning (8) was - -
| "not simply of SClentlfic knowledge and ma.nage- : , dysgenic in late Roman civilization because the - 7
‘ ment expertise but of attitudes, and intent.. C " knowledge and instruments were not available -
| , , ‘ " to trace the effects, modern technology provid
| » Which environment? S . o the precise instrumentation necessary to fo
‘ - o trace-elements such as mercury throughiihe .
L From the pomt of view of engineering there are - pathways of our ecosyBtems." psThe proper o
- * many foci of envu‘onmental concern. The follow- role of science to reveal the- secondary effects
E ing are examples of technology by seeking t6 understand ' ‘nature" .
| _ The immediate envelope of air a.nd mo1sture * as modified by the technological interventions. - -
3 : surrounding a personin a building (12), - * of man, The r8le of science is thus extended
f . _ The city as a place to live (4, 13), o - from~establishing the limits of possibilities for -
- The need of a city for water and ‘waste dis- B engineering ‘dedign to developing awarenesg of .
L * jposal (14), . . o, ~the consequences that result from action.| Since
| ’ The environntent of vibration., dust and wind modern-technology provides to 8cience the :
/associatedl‘wn.h a machine or building (15), ‘ precise instruments required to trace its .
: The interaction of an industry such as steel effects, it has become self-indicting, .- .|
e ‘with its environment of air, water soil and - o All technology will have effects unexpected
I " people (16,17), : - ' by its designers and users both in the short -
From: such typical examples chosen with an and the 'long term, Lead utensils poisoned
' _ engineering pérspective one may reach out to ) Romans. Waterwheels, windmills, ploughs, .~ .-~
R regional prqblems thumanweu-beingassociated steam engines dynamos, automobiles, refin-
? - with solid wastes {18) "and indeed 'to -a global” eries not only have met immediate purposes but -
framework (19-4,22) In recent years it.has been ' have, contributed, in time through numbers,’ to .

T mainly other than engineers who have had a broad - traﬁsformation of nations - industrially, socially o
‘perspective and this is a point that requirés a.gd env1ronmentally. BN L
-understanding and redress«in‘dﬁé education of all - All engineering education should, therefore,t

engineers and similar professionals. N ) eontain some study of the historical evolution of
K _Although it is'a distinctive attribute of a good T technology and particularly of the effects 6f | =~
S professionaL engineer to understand the context - -populdtions jof machines. While the purposes -
: : of his own;work,. for example, for a designer of - - expressedin t the design of a machine or progess
L steam turbines to understand the relation.of the- . _;_may appear ‘t6'an. engineer to be his own, yghen
\t waste products of fuel combustion and of waste " machines and products thereof are replica’%‘ed
rmodynamic heat to the processes "of energy ., . “(manufactured ‘and distributed) the oses
version in a power station, such technolo cal - i‘)eing served are those of commerc?all{%o(pora-‘_ _'
: y' ' awareness is hot-universal anda concomitant - tions,” the 'state and society, - TN
sensitivity to questions ‘of envirorimental impact - Environmental studies for engineers should
” therefore, be directed not simply at developing

1s less so, HistOrically, specialization of rble _ p

3 " ‘q._
. , .
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‘that it .has et ‘failed to articulate (11),.
..lems we, t;ace\are as much those of understanding

) ,Engine'e‘r ;

There are

sensitivity to the seéondary environmenta.l conse-

quences of technological tntervention but partic-

ulax\ly at the historical experience of creating
technoldgy. as. a purposeful part of the venture of

‘man himself on the face of the earth, Through
"such a view engineering education.can bring to.

the environmental issue a unique perspective
The prob-

the p 8 of\development and the embedded
rela\ib s of mac\iines to men as they are of under-

g the consequences of'teclgnological inter-
n in the ecosystem, . In this perspective

di
ve?
‘ th e is a need to involve all students and staff

our ngineering schoois. Engineering schools

education and the
Strategy of development

environment)

|

sic features in the structure of engin- .
ication asa whole which deter the working
out of a new sensxtivity to the environment and’

" theseé are the same features which have deterred.
-a gensitivity to the historical réle of technology R

in natignal development. Good engineering
education with its . distinctive profile of the
sciences' (mathematics, physics, chemistry,
biology), the engineeripgsciences (thermodynamics,’
mechanics~rate processes, information systems,’
ete. ), ;
social sciences (especially economics) and the

‘humanities has been and will remain a demanding .

exercise in which it is essential to retain a basic
profile with a hard core, The mere injection into -
the status quo of optional or required subjects
speci_fical_ly.or-iented towards environmental, prob-

" lems is not satisfactory. The basic strategic

problem i to develop an environmental awareness

*in the whole school, ‘an awareness which can well

take the regional context of the school itself as a
focus, The director of the Knvironmental Studies
Programme at the University of Toronto), Dr, F. K,
Ilare, an eminent géographer, _recently had

. this to 'say;

. | believe that the way tn alter currlcula is /
to- do 1t from. W1th1n Ly civilizing the teacher,.. .-
Most.. courses galn immensely if rhe teacher
standq I)a(k a little and spends a few minutes
spu.ulating aloud about the slgmflcanct_ of what ~ °
hv is-proposing, ., . It would he possible in this. and

'vnv ‘other university lo give an outstanding

'E

JAruitoxt provide by exc [

Jinomy view an vss(‘nl:.nl SEPote i
g ('UN\I this qnntegm “hagv e incfude a

R - = v g

: /tld gree 1oqrsv in the environmoent without (,hanging'

_:.tlu maximum degree of attention to (-nv1ronmental

a word in the calendar, .. All 1 ask of engineers -
is all { ask of myself: toinjeil into their subjects

options that the hard’ core pu writs, - This means .
an ¢xtremely intengive re-codireation ,of oneself, a:
wnl[mxtm's‘s to]nsu- for the enn nonnwn!al dvl)ate _
“rith ap acate, (rltn(.w! Im' Peceptive.ear,,
Whatever tlu- merits of tiese remarks at \the
tircLical lvvvl of curricular dosion - they represent
puiﬂl. 1 would '/

‘ Everyone agrees that

- tries and governments. .

. development and the env1ronment
' perceived national needs and prioritiWes.

design applications and an infusion of- o

" depends on its purpose.

’of their educational mission,

which must have- goverhment support and may " .

. at the s(‘ctor‘al interfaces.

our’ cdu(nrmnal lnstltutions

£y

complementary awareness of the history of

‘technology as relates to the process of

development, Technology represents purpose- .
ful intervention in the complementary spheres

of the ecogystem and of the society.of men, It
is the combination that represents thé environ- .
mental problematique. ~To the developmenptal . .
part of the problematique.engineering schools.
themselves have a smgular contribution to -

<

make, . L .

.. Itisg in my view egsential therefore that
Unesco and UNEP continue tozvork together on- Y

: ,these issuegs, - . ; L

"’i‘actics of awareness : R D

. B QV:J'.
1ntellectua.lly, environ-
‘mental -problems ane multidisciplinary and
1nterdisciphnary, and that socially; they are
intersectoral involving. ‘communities, 1ndus- ‘ :
- A number of pra,ctical .
programmes may be undertaken to develop. °

broad awat‘eness within educationai institutions. o
One. that Igonsider 1mportant is that of con-

ducting a‘zzudy with.'the aim of obtaining

A region aappreciationx of development and

the envifonment, The appreciatipn should not
attempt \o be prescrigtive nor condemnatory

but rather should séek.to generate a perspectwe s
on the interaction between. technological '

thin.

The

UNEP and Unesco might combine to direct the S
preparation of a number of guideline documents

to facilitate the preparation of suc;\a-ppre'cia- ‘
tions;” What is proposed here isfsomething o

o

.broader than specialized studies on water

resources, sanitation, etc,, but not a full- |
fledged development plan, B S
By whom such an appreciation is.prepared
The major purpose co
should:be to develop in the associated.univer- S
sity(s) or technical institution(s) an awarenezs// <
of the environmental and developgnental contéxt
. Such a study can
prov1de a nucleus of loca.l understanding
undistorted by the we1ght of world hterature :
which at present is dominantly concerned
with problems of acute industnia.hzatxon

Since it is the responsibilityiof governments

- and not universities to plan, the study is most

likely to he done by university staff and

_ students who call upon.industry ‘and govern-
 ment for assxstance

Engineering staff. should
expect to co- operate with chemlsts physicists, A

' .geographers, sociologists economists his-

torians, The study is a form of local 1mtiat1ve :
provxde the ba51s for a distlnctive Umted
Natlons programme, ~ w
-\ . crucial'issue in execution ls co- opv atmn
Much has beon
written ahout the universxty-xndustry 1nterfau
for: engmeenng schools (23), Now environ-
mental issues by their naturc call for: the
diffugion of understandm;., both from and into °
\thhout smh
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mutual diffusion there can be no long-term intel- technology. Asymiptotic technology is that .
ligent €oncérn for development and the environ- for which the operating functional principles

- ‘ment, All the mechanisms of intersectoral are well known, for exampIe of steam turbines,
eXchange - co-operative education, staff exchange, and the continulng development process,
graduate 1nternsh1.ps co-operative studies and~ - consists in refining designs and enlarging
regearch = are essential to the generation of * sizes usually in response to the principle of .-
awareness .which, as Dr, Hare hag commented, economy of scale, Economy of s¢ale is a ?

wis & desirable precursor to the formal manipula- major influence in shaping “the structure of’

: tlon of curricular content, The deavelopment“of = the technology, of actively in ustrialized.
awareness can be tackled within the.sgope -of any ., nations and has a 51gniﬁcan i ct on the )
1nst1tut10n and set of resources. . , ecosystem. Provident tech‘ri};g—m\that which

is anticipated at some time but is as yet
The orientation.of general instruction o . unattained, for example contdelled fusion,
R ) With-respect to the structure-of technology
q nmw .postulate that the Jprocess of generatlng an’ * and the environment the iggue of sensible :
augmenth level of awareness among staff within " sizes is pertinent, The teleonomic processe’s
an engineering school istunderway and that the . of nature have placed man in te middle
practica.Jl issue of instructional procésses is to -~ between entities on the cosmic'and nuclear
oe faced. AgainIwouldnote that questions of the edu- - .sca1g-~F9m~and_gfoth 26) in anlma.ls and .
cation of envi,!;onmenta.l specialists are not a} issue. - plants is ‘govérned by principles uwhlch/éontrol
A recent major multidisciplinary study of scale, Stuglents should be taught to.ponder.
critical environmental problems on a global ‘* the balance of scales in nature and in human
scale has’the following observation (24) tq ma‘ke . artefacts both for single units and in ‘the- gense’
on the issue of professwna.l educatlon as a PONE of populations, . ‘ '
whole: N Another categorization of technology that -
... A sensitivity to the relations between the ’@h is pertinent to‘the framework for environ- -
processes of production, djstribution and cen- . . mental studies is that of private, public and

: sumption on the one hand, and the procéesses of / "corporate or 1ndu§'trlal technologyo The
pollution on the other and a disposition to explore public technology of systems for water supply,
all the potentialities of technology ahd, orgamzatlon trangportation and commumcatipn is de31gned .
in the search for an optimal balance shouldube : to deliver a given service at. minimum cost, ‘
1ncorporated in their training, This applies to * (orporate or industrial technology is that -
economlsts lawyers and social scientists as associated with the design and replicatlon of
well ag to scientists and engineers. .. machines and their products, that is, with’

The overall scope of this observation can be ~ machine and product populations (27), - Tech-

endorsed but for purposes of engineering schools . nological populations are a. C!’UCla.l issue as
I would place a stronger human emphasis on tech- - between man and the enmronment and are
nologyiand' man as explained in the previous closely related to’ ‘the private technology of
gsections of this paper. AsGeorge Bauer suggested consumer goods, ' But it is essential to’note
in De Re Metalli¢ca over 400 years ago, production, that while consumer good ; use up natural
distribution, ‘and consumption are instrumental resources, persons do nc7t consume other than ~
processes for human development not ends in food, All materials, therefore, flow through
themselves. - a-cycle of acquisition, transformation, use, , ~

, . + waste ar recycling, ,
The structure\gf'technology L ' S For jeconomic purposes, inudstrial activity .

. T . : * . is often/divided into three sectors: ' the primary
All students of enginegring should have some : sector - (mlmng, farestry, fishing, agricul-
‘appreciation of two basic developmental questions ‘ture) concerned with the removal of nonrenew. .
which are related to the structure of technology able and renewable materialscfrom the earth;
and have answers conditioned by socio-cultural . the secondary sector, ~«(manufacturing and
history. In terms of technological development constructlon) concerned with adding value to . N
the questions are: where are we? *and how did '+ materials to form processed foods, metals, ‘
we come to be where we are? Interpretation of ' . chemicals, etc!, and to constfuct- machlnery, ]
the first questlon may come out of the career i houses, bridg/es roads, ‘etc.; the tertiary.
exper1ence of staff and the kind of ""regional tor - (transportation, ‘communications,
appreciation programme which I espoused in ﬁ%rmdtion ‘processing, distribution, sales,
the preceedlng section, Interpretatlon for the * hedlth care, etc,) concerned with dehvering
second question must.come from the study of : 8 rv1ces> to the society,
socio-economichistoryincluding the study of how "In summary, students should be made -
technology and its control has influenced regional aware of different structural characteristics °
development, The structure of technology should . of the technﬂlbgy of their country. from other
be examined froi'n a variety of viewpoints, than a narrowly specific_view of. chemlcal

From a social viewpoint, Mumfor, (25), for o electrical, mechanical, civil or. metallurglcal .

example,,has identified what he calls mutant, eng1neer1£g, It is the overall regional -
dominant, persistent and remnant elements, , structure of technology that prO\flges a per:
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available, asymptotic, innovative and provident

From an engineering view one may distinguish 8 _ gpective for sensitivity to questlons of
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*Instructional procassers .

v

In coming to,a disoussion of instructional progesses
for developing in’engineering education an under-
lying sensitivity to environmental.questions, 1

. would like to distinguish between context and-

‘content, -The context should be based on thé
concept of systems (28-30) and, their strucfural
‘evolution while the content will be determined by
specialized needs and available bkills. Engineer-
ing has contributed fundamental approathes to the
" study of commuhication systems, feedback control
ystems and syatems of industrial processes,
y of these system concepts have now been
riated by economists ¢30) and others for '
use in environmental studies. N
Since interconnexion and interdependence
ental ideas in engineerlng analysis, v
to extend tb.g\boundaries of systems
the larger socio-envrionmental frame -
work in which technological sub-systems are
A " embedded, and to consider the dssociated histor-
ical aspects of evolutlonary development, Society
‘. 18 a result of the deslm of history Whergas a
.. machine is the resultof the de%gn of engineering
What hap been almost totally abaent in engineer-
Ing education has been aensitivity to the-history
« of technological development and consequently
to~the conasequegces of such development interms
of accumulating social andenvironmental impact.
If the processes of instruction encourage the
aequiring of this .sensitivi the methodology of
engineering systems analysis will be found to be
the natural vehicle for articulating it within'the
“ hard core of engineering education,

I therefore apecifically recommend that
engineering edycators collaborate with histdyians,
econonpists, #Edlogists and sociologisfs to pro--
duce new tndergraduate subjects of instruttion ®
for all engineering students which cgabinewith

"

&

titutions) an appreciation of the structural evolu-

tion of technology and of its impact onboth society
and the environment,* If aberrant and géneral ih-
stances of pollution are not tobe attacked, either

. verbally or by engineering action, in anatmosphere .
of crisis, it is essential tobe aware of the socio-
technical processes that lead to the problems in the
first place. Study of man and liis environment cannot
leave out history.. Inrelationtoour environment
is a8 important to ask - where are'we? and how'd

cometobe here? - aa it is to ask- where are we. going? ’

An appropriate stage for students to receive -
instryction on Regional: Technological Development
and the Environment is at the beginning of the thlrd
year of a four year undergraduate programme '
It is essential that such instruction not be super; _
ficial. The key ingredients are a §mall team of
vitally interested staff with a'leader who may be
an engineer, historian, economist or ecologist.

- In the author's view there is a unique opportunity
for Unesco and UNEP to collaborate in generating -
resource materials for such subjecta and I would
relate this. process to the regional awareness

e ‘programime e 16 which 1 referred earlier in this

i+  paper/ .
.The systems aspect of engineering education
1 have been discussing is concerned with con-
- text, with a framework of values in ah evolu-.
tionary structura. But engineering education
at the core is a framework for .action which
_can be characterized by the feedback loop
shown in Figure 1; This diagram shows the

{*) While there is a growing literature on the
) history of technology and engineering:(31),
and there is a great flood of books on man's
relation td the environment, there appears
to belittle tpatmeld istorical, technological
and envirohmental influences into the kifhd
of synthetic treatment needed in engineering’

’ conventional history (baded, on political and social education a
\ - T f\ ) . 4 ! P I/. - S
¥ Figure 1, The System Feedback I.oop of Engin‘eerlg‘g L ro
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chars&teristic sequence of transitions_from stated on organfc’system maqdels for transportation,
purposes to accep objectives, to goeﬂs consid- ®  communitations and énergy services in a
ered to be achieva‘lf& to eéngineering de% to region, The organic view should include an,
implementattbn to assessment of performance, examination of how government regulations,
and to evaluation of cansequences which produce  taxation policies and regional development
a delayed ‘impact.on th arti;:ulation of future , " policies influence the|evolution of the sub-
accepted objectives, ’ke key ancillary input at system being conslide ed, 3
each stage (represented by-the dotted lines). is the In technical schools projects may.be
scope of the technical and value’ judgements ysed built, t‘,or s;gample aﬁound the instrumentation
in making the.tr&nsformation involved, if the and monitoring of mass and energy flows
sequentk of judgements is narrowly technical, related to solil, watqr air and assoqiated s
the loop is small in diameter and may then repre- technological operations, Environmental’ .
sent the production of a clearly defined technical . , problems offer a unique. opportunity for project
component ol'a more complex machipe, The ' : groups to be set up jointly within engineering
acceptablerconsequences are good technical * schools and between engineering schools and’
“performancg, If the sequence of judgements is techni¢ian schools with the collaboration of
broad in scope and considers socio-environmental local government and industry.
issues, the acceptable conséquences include not
only engineering performance in the technical ' The develJment of teachlnLesources
sense but also environmental tmpact, The
sequence of decision and operational stages in Fach school should have a modest information
Figure 1 is ‘applicable to devices and indeed to, : centre designed to support studies of :regLonal
whole complexes such as transportation systems, problems of the envxronment associated- with
In engineering education as [ have known it, régional.technological developmenL This™
the above loop is rarely traced out except in ' may be incorporated into the library by Cal‘)ﬁ
project design work ahd posgibly theses, To ful cross-referéncing, The documientation '
paraphrase Dr. Hare's words, rarely does the * should include government (18) and-utility
teacher stand back and #peculate about the signif- reports (33), annotated bibliographies (22, 34, 35),
icance of what he is proposing in other than a % periodicals (36), review articles (37) and
narrowly technical and immediate sense.- The fllm lists (38,39). These materials should
sciences ahd engifieering sciences in the engin- * cover the r8le of science, engineering and
"eering cu'rriculum are instrumentalities of technology, of taxation (economics) and of
engineering PU!‘POSP—S and not ends in/the-mseﬁé "~ government reg'ulatxons and development
Bitt the student experiences them tod often, as policies, Much of the existing material gener-
ends, and projects. and designs are often isolated ated«in intensely industrialized countries will
from larger quest’ions of 'significance and intent, not be particularly relevant to a specific
I would not propose that in all projects and . «xegional-focus, 1t is,;therefore, recommended
desipn work ‘the Yoop be closed on a basis of - L that the format of informatfon files necessary
“broad pvfronmental concern, Such a procedure for the achievement of a balanced regional -
would lead to‘guperficiality.t -What:| do propose ° focus be defined as part of the proposed | -
in evépx'area engineering education is that the regional awareness programme and that
teacher’poi out t6 the 'student at what level of Unesco and UNEP develop_guidelines for such
1udgemen e underlying decision sequence is ini‘ormation files.
being developed and therefore point out what . Beyond the dL'velopment of the structure
levels of judgement are being omitted, Concen- for such information files, there may be
trating on igsues relevant to the task at ‘hand is . cominissioped the preparation of regional
essential-to good. engmeering, .but many of our , documentary assegsment guides which would
_problenys stem from relegating te the unconscious -. function as extended anndtated bibliogrdphies
the factors that have been so set aside,. . for env1ron'mental references, Unlike many
- Since every field of engineffring 1mpac.s the textbooks which are written by individuals. in
environmert, it is essential for every’engineering _ thé context of the teaching programme qof a
student to participate in at 1east one engineering ' singlg institution, this work ghould be carried
_design or project study in which the level-of ° ~ " -out by a-task group of teachers government

of Figure 1 includes explicit concern for 'socio- . individual, This propokal is intended fo place

judgement used in following the decision sequence . ° and ipdustrial represeczjtatives led by an able -

envirorimental effects. rI‘he'ways in ‘which this emphasis on the need to interpret the vast

can be dgne are as various as the qualities ;of -~ flow of access ble information .in a regionally
awareness present in the teaching stafi‘ and | - §igmf1canet manner, a task. that in itself has
depend critically on thiscquality. - o ) distinctive vglue, The commissioning of such

. Projects (32) should be derived from the interpretive’studies should be effective in
regional environment in which the engmeering J e delineating,’ here .gpecialist texts and films
schodl is located, Thesé may,-for example, be Y are badly leeded, H . -e
based on mass and energy balances for r;rOcesses : , No efi’ort ‘to degvelop sensitivity to-the |
industrial pla‘hts gricultural forestry- and ) , environ ént in an. engineering school as'a
mining operations and populatlon centres;” on whole',E, "be successful without a reasor?bly
tracing the pathways in the local ecosystem w’idcsp ‘ead commitment from the teaching.-
followed by materials involved in mass balances; 8% staff. /In schools that have mvxl and/m- »’

. » Y - A v . . .




chemical engineering departments, basic leader-
ship may be expected from these groups. How-
ever, a task group with an able leader and at
least one staff member from each area of engin-
eering may be essential as asatalytic and co-
ordinating influence. It is desirable that such

a group, founded within a school have, as full

or asgociated members, persons who can provide
insight from ecology, "e'fconomics, law and history
and from government and industry. When the ’
framework for awareness is not just environ-
mental problems, but the historical interplay ot,
‘regional technological development with
enﬂronment the great majority of the staff and
students should be keenly\otivated

-

Conclusion

This paper; has been concerned with the need and
workable processes for achieving in engineers
and technicians as a whole professional group
sensitivity to, and awareness of, environmental

- problems. It is argued that such an overall need
is real and therefore that separating out environ-
mental concerns and allocating them to a new
disciplinary branch of engineering called environ-
‘mental engineering is not feasible. All engineers
and technicians must be concerned, aware and
educated to act, some more than others. This is
not to argue that in a given region one or more

" schools should not specialize in environmental
studies. However, it is to argue that an overall
‘awareness should be developed in all achools and
be selectively intensified in ways that are dis-
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eﬁgineers in many cases is man's health and well- = - designedand curriculadeveloped, itisimpergtive
"heing, eventhough intermediate o’bjectives may be X for the planner and the responsible administrators

',lim‘lted to the-actual control or, modification of - to have a precise idea as regards the work and

specific elements of the'environment, > It is ob- rd8les tobe performed bya health-oriented engineer, .

vious, therefore, -that engineers belonging to , ' ‘A separate paper, éntitled '"The functions of

.geveral fields contribute directly or indirectly, | the engineer in the assessment and control of en- .
. singly or through tea‘mwork to the ai’ulfilment of vironrhental conditions and hazards that affect

the health objective, C o ,~ man's health"; has been submitted by WHO and

. This view is sharegl with soveral wWIIiO expert " - distributed to all participants, ' The paper, which

committees and wmth authors of V) pubhcations .' fs the product of a consultation meeting called by

arnid reports,, including * - 7 ":)he organization from 29 Xpnl through 1 May 1974,
I lhc- roport {?f the I~xp( i ( ommittee on ! gwes a rather broad descsiption of the subject” ih

Annex VI
THE EDUCATION/AND TRAINING OF ) S . L
ENGINEERS FOR ENV[RONMENTAL v . T~ '
- HEALTH Co ) o L T~
. ‘\\\ . .
Paper presented by the World Health Organization ‘ T
:!\ ) ) ) °
E] Y \ N .
Y [~
N
™ t Vo i
\/ IR d -

- ‘ ‘ & ' e . - . . ; )

I. INTRODUCTION AND PURPOSE : the Education of Engineers in Environmental Health
X S c Techn, Rep.  Ser, 376, 1967, pp. 6-8, * ~.

“The close relationships between environmentand. , 2._ The publication entitled The* Education and
health have been increasingly .recbgnized and . Training of EnLeers for Environmental Healtb,h
stressedin recent years in all parts of the worldd . Cassel, J, et et al,, 1970, pp. 11-14, , ,
As the Twenty-Seventh World Health Assembly : 3. -The rep report of the Expert Committee on Na- ’
noted, "'any environmental deterioration ultimately . tional Environmental Health Programmes: their .
affects human health and any programme for the - planning, organization.and administratlon ’I‘echn.
improvement of the environmental ultimately con- . ReE Ser, /439, 1970, pp, 18-19, >  —- -
tributes to the improvement of human .health and 4, A paper on "WHO's inteRest in environ- S
well-being''.| The economically developed nations = mental health" presented at Unesco's Expert Meet-
are facing acute problems of environmental pol- ing on Environmental Enginéering, Parig; 21- 25 ‘
lution caused mainly by che;nical and physical con- January 1975,
taminants of water, air, soil, food, habitat and These docuyjyrients have been distributed to all

.- work place, \m\ile in most dévihoping areas ‘bio- . _participarnts ih this meeting, and it’is not proposed

" 4 logical contamination will remath, for many years ~ to review them here, Special attention is called,”
tocome, the maih\problem of environmental health, thowever, to the excellent discussions of ' Envxron- .
although other ‘types of 'pollutior are rapidly in- _mental health engineenng" by Brofessor John A, .°
creasing also and need to be controlled before . Logan, and to' Changing concepts of environmen-
they-get out ofhand In both instances the solution tal health" by John R,  Goldsmith,. in publication .
of the environmental problems involved‘fr‘e-”f?éﬁ"f No. 2 (by Cassel et al, ) cited above, It will also
the: application of engipeering principles to {a) the " be hoted that Unesco took part in the work of the
prevention, control and management of environ- WHQ Expert Committee on the Education of En-
“mental: conditions that advex:sely_giﬂuence man's .. .. giq ers ih Environmental Health {"TRS 37 6), pub-
physical, mental ‘and social health and well- belng, lication No, 1 mentioned above.
and (b) the work and processes involved in the im- . The purpose, of this pap&r ia. fo des,;;ribe in -
provement of the quality of the’ environment for some detail the xXOIe of the engineex (Wethereal -
man's health, comfort and efficiency;’ A le;d public health Engineer, sanitary Vn\gineer en-

. The reader's attention is called especially to vironmental hLealth engineer or simply environmen-

. the fact that health, according to WHO's donstitu- tay engineer) in.health-oriented work, an ~the .-
tion is not merely, the absence of disease and in- 'inciples of educational planning which should

" firmity but also* a state of complete - physical, guide his education and training.
mental and social well being, The expressions: : )

“héalth' and ""environmental health'" used in this

paper must be understood. in this context and do II. ROLE OF THE ENGINEER

not refer only to a diseasesortented concept, The * S T CTe

ultimate objective of the envxronmental work of = ore a suitable education programme may be ' '

¥




more specific terms, thc rOle of the health -

oriented englneer may be outlined as follows:’

, ‘ Depending upon his background and degree

~ _ ‘of specialization, the health-oriented engineer

.+ '‘plans, administers and co-ordinates environmen-

tal health programmes carried out by health and

*  other government departments, by public bodies
and private organizations and enterprises. He
performs similar tasks to those of a civil, chemi-

. calor mechanical'engineer, it concentrateson -
the conception, design, construction, operation, :
maintenance and surveillance of specialized facili- |
ties, e, g. those necessary for the contral of the- °
quality of air, land and water resources and of '
“man's. personal and woiNsing environment, 'in par-
ticular facilities for watergupply, waste- water and
solid waste disposal, vehdhxcontrol healthful .
housing, food safety, noise .ontrol, radfation

> - protection, dispbsal of obnoxiou/ gases, chemi-

SN cals, and industrial‘water, and e luates the ;
/—\?ﬁormance of such works, In coligbafation

\ with health officers and scientists, he assésses

I environmental conditions, organizes ‘and super-

_ vises programmes for the monitoring and surveil-
" lance of the quality of man's enyironment, par-
" ticipates in thie elaboration of tatements on ex-
« pected environmental impact of physical develop-
ment programmes; carrles out research and in-
K vestigations,, assists in/setting standards _in

‘“\r\ physical ‘and- ur‘?ban planmng and in eva}uatingo

; adequaty and effectiveness of control progfammes
and-measures for the protection of man's health
andwell- being, Finally, heorganizes studies on
related economic, financial, ‘managerial andlegab
feasibility.

It must be well understood that noone engineer’
can have an-education and competence in all ‘the
rk areas cited above and that environmental
he h programmes require teamwork involving
the participation of various types of engineers,
public health officers and scientists, all of whom =
should have, through their education and training, -

a common understanding of the ultimaBe objectlve )

to be achieved.

3. . N
™
111, EDUCATIONAL PLANNING-
N ' The challenge brought about by the broadening
: " sgope and acceleration of environmental changes,
allied to the growing popular concern of pollution
problems, raises a'series of questions in respect
of the training and education of environmental per-
.sonnel in relation to their réle in environmental
health matters. In recent years, there have~been
continuous cOncern and interest gin these ques-
tions. The consensus.of opinion is that to proceed
with'the production of trained people in the abgence
. of planning isgeat best,
« i  thebasic aspects of the manpower issue, at worst;
“ . ¥ “to perpetuate a situation which defeats the very
.. purpose for wlilch people,should be trained. In’
.addition to stressing the need for systematic v
" manpoweér planning for the continumg surveillance
of manpower requirements, development and -

the subjeet arg'ue very. forcefully that manpower

\)‘. ] Sl e N »

.1t is not intended nor is .
educational objectives of training: programmes for .
_this type of engineer in the context of this paper,

,'Annex ITof this paper,..
in connexion with ‘the establishment of an inter-

~ health personnel at the technical level
_cover only thosg activities of sanitation personnel .

:‘definition of tasks; -
. developmeht". ofalternatives to achieve the desired

to display ignorance of 1

o a : = .
development should ensue from the modern con- '
cept of educational planning, Emgphasizing further
the common purposé of manpower development
and service, these authors argue that manpower

" and educational planning should be supported by -

a cohesive and dynamic policy.

It is beyond the scope of this paper to discuss
bath the aspects of planning and development of ‘
the ,manpower issue, .Instead, this part of the P

. paper addresses the issue of educational planning,

and, more specifically, that o( educational learn- -

" ing objectives, with a View to stimulating its ap-

plication .fpn the development of environmental man-

power that“will be capable of contributingto the '

achievement ofhuman he%lthobjectives. Of course, °
it possihle, to define the

Indeed, ‘educational leamir\g'objectives are defined
ori the babics of needs.’'and of the actyal tdsks which-

. the engineer iscalled upor?'to perform Additionally, . .
" educational learning objectives can only bé formu- *
lated in the context of a’ given situation, ‘'namely °

Country or 'region,. However, the formulation of
educational learning objectives id illustrated in
They have been developed

cou'ntry training programme for environmental
They

that are related to the surveying of existing sani-
tary conditions, and are based on ‘the needs and
tasks of this personnel" both of which have been

" predetermined. i’

A study group defined educational or instruc-
tional technology as "a systematic way of design-
ing, carrying.out and evaluating the total process
of learning and t‘eaching in terms &f specific objec-
tives based on .research in human learning and
communication, and émploying a.combination of
human and non- human resources in bringing about
more effective instruction, "(1) This definition,
obViously,. includes all ‘the attributéd that are

. 'normally considered in educational planning,

- Viewed as a system; the process.of eduéational
pl;anning comprises the essential steps that are
common to all systems, namely:
assessment of the real needs that exist;

. assessment of regources, including the identi%lca- -

- tion and determination of influences of the con-
- straints or 1i.mitations that exist;

objectives,. including the selection of thg opti-

mum ‘alternative for implementation; and -
evaluation through feedback based on collection of )

‘information, - - ‘

" This is further dlaborated and best illustrated in. .

figure 1 (p. 91)

’
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"IIL 1 EDUCATYONAL LEARNlNG OBJECTIYES o

In addition to recogniz)ingthe interdependency be-

-“~-~—tween the elements of the systeim, all, educators-« s
utiHZation -the authors of current literature on %

and educational planners today agree to single ou%
the définition ‘of educational 1earning objectivEs as
P R ) 0
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a most difficult, yet most essential, step of the

prdcess, This assertion is based on the premise-

that "an educational programme has more chance
to be effective if its purposes have been clearly

_expressed'. (2)

What are.educational learning obJectives?
Kemp (1971) defines them by posing the question:
"'What ghould students know, be able to do, or in
what ways should they behave: differently after

-~ studying this topic. "(3M¥He argues further that

"we speak of learning objectives because our con-

cern is with learning as the outcome of instruc-

s tion". The very papular fable of the Sea Horse

narrated by Mager in the preface of his book Pre?

paringﬁinstructional objectives, a classic of the

literature on,the subject, illustrates bes{ the, im-
portance of this element of the syktem of. educa-

_ tional planning. ''The moral of this fable,"' in_

. the author's own words, "is that if you're , not

" surewhere you're going, “you're liable to end up

. someplace else - and not everi know"it", (4)

Articles on both educational planning and

. learning objectives are being publishedin increas-

" ing numbers. Unesco has promoted the publica-
tionofa whdle/series of booklets thatare" written
-primarily for two groups: those engafed in - or
‘preparing for .- educational planning and admin-

istration, especially in developing countries; and

others, less specxalized stéh as senior goverf-

» ‘ment officials_and clvil leaders, who, seek a more

general unders;anding of educational planning and

of how it can be of help to overall national devel-
opment', As early as 1969 a WHO internal docu-
< ment (Handbook: for teachgrs of health sciences,

7 (AF‘Rd) disseminated information on the subject.

In the specific field of engineering education, J
-the American SOCiet_y for. Engineering Education
dlays a leading réle in disseminating information ¢
on the subject, - ‘Of particular interest are a geries
of articles published by the Society in the Decein-

‘ ber 1972 and March 1974 issues of their magazine
Engineering Educatiopn.” The ThirdNational En-
vironmental Engineering Education Conference,

R held at Drexel University in .August 1973, recom-:

| - mended that the topic of educational learning ob-

‘ , 1ectives, including the use of newer educational

; ' methodologies to meet these objectives should be

|

)

|

ok

* ,-appropriate for a workshap to be sponsored by the
Assoclation of Environmental F‘ngineering Profes-

‘sors(AFEP) (6.\ ~ A N

' “:m. 2 THE CONCEPT OF ORGANIZATION
DEVELOPMENT

4 [

-
. .
’

| In the context of this discussion and in order to
emphasize further the common purpose of man-

| power development and service, it is ap priate '
to bring forth-a ''new trend'", that f"orggé:zation
u

development’ The trend is defined
Schrpidt as "ﬂpr0cess which attempts toninc
_organizational effectivenegs by integrating ingi-

| .~ vidial desires for the growth and-development
‘ 7 wi:th organizational goals". (6)  Basically, the |
___% concépt of- "organization development"' stems o
r - -from. the riew meaning of the terms- education

-

. - oLy NM ) oo .;-/’ ' R A

of the educational learning objectives to the or-
ganizational 'institutions in which the trained
people are called upon to work, It isan important
factor in the ''man-organization' equation,
Training and education, today, imply ""a
planned change over a period of time in the be-
haviour of the learner''. They entail much more
than the deve\lopment or improvement of skills,
Behaviour is interpreted as meaning evidence of
"development' in three domams affective, cog-

;nitive and sensory/t'notor Therefore, sthe suc-
cess of an educajional programme depends on

the outlook. of its graduates and’ can be measured
by their’standards of performance;‘i. e. Whether
the students-have acquired the knowledge, atti-

tudes and skills fequired by their future assign-
ments. But, above all, thé success of an-educa-

.tional prograrpme depends on whether, once

trained, people will be able tp work in a '"growth
miljeu'" or an organizational environment which
motivates them, stimulates their talents, and

'.acknowledges the personal goals of its members'

and - as best stated by Byers - '"theneed to bring
these godls in as close cbnsonance as possible
with organizational goals'. (7)

Obviously, the latter ohjectives cannot be -
accomplished by the educational prdgrammo; in-
stead, they should be contemplated in a second
phase to be executed 'ointly by the educational.
institutions and the organizations within which
the graduates will exgrcise their profession
- In effect, the whole applicability of "organi-

zation development"(rn' the educational system is

not in technique as much as in attitude The con-
cept really involves more of a° philosophy t?an a.
methodology, and because philosophies have been
historically reither extremely vague or almokt.
prohibitively. involved morally, few of them have
succeeded in a large context, However, the es-
tablishment and partial success of some world-
wide programmes allude to the possibility of
more than localized survival c?he "organization

developm ent” concept,
. "

JIl. 3 WHO's ASSISTANCE TO EDUCATION
AND TRAINING IN ENVIRONMENTAL
 HEALTH -
The prospects for significant c}ianges in the WHO
programine of assistance in education and train-

ing are evident in several World Health Assembly

resolutions and recommendationg of WHO Expert
Committees (TRS 376, TRS 439). In acknowledg-
ing further the new trends and d developments in
the educational field as they apply to engineering
education, WHO has launched several activities,

all of which reaffirm-.the Organization's progres- 5

sive interest in environmental health engineering
education. . Some of these activities which, of
late, have been undertaken by WHO includé: the
l’ong-term programme in environmental health
which comprises. a strong element of education -

- and aims.at the establishment and support of a

number of centres for the trainingofenvironmen-

. ' tal health°personnel, similar to the already es-
" \and training, and relétes as well to the relevancyg v

tablisped Inter-regional Sanjtary Engineering

%

tow



Centre in Rabat, Morocco; the study recently ini-
tiated by the WHO Reglonal Office for Europe, the
primary objective of which is to survey environ-

mental health manpbwer requirements, asabasis.
" for evaluating current training prograrhmes and

preparingsew ones; the organization by the WHO
Regional Office for South East Asia, in November

* 1973, of an inter-country seminar on the subject
ofmanpower planning, development and utilization -

in October 1974 oni the theme; use of new methods
and techniques in educatlonal programmes for
various Jevels of -environmental health personnel,
especiaglly theirusein sanitary engineering courses,

.in addition, WHO is actively engaged in the elab-

orationofa comprehensive global programme for

the development of environmental manpower, in

response to the World Health Assembly resolu-
tion WHA 26, 59, adopted by the Assembly in May

b

in envirorrmental health; the organization of a work-
shop which is planned to be held in Rabat, Morocco

L4
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1973,

©

FIGURE 1

of the programme are
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OVERALL OBJECTIVE ' :

To essist Member States i%repare and imple-.
~ ment ir plans for providing the staff to man
their envigonmental services

. 1t would haveNge following sub-objectives:

A, Formulation manpower bnd educational
.. policies and plans . o ]

To prdmote studies and investigations with aview -
-~ to developing practical working guidelines re-
quired for the'formulation of manpower and edu-

cational policies and plans, )
o .o .

B.- Det'ermination of manpowe;- requirements' .

* To extend assistance o Member States in deterxnin- .
" ing their manpower ¥2quirements in the context
- of their:national healtii plan and programrﬁes.

« 7

-

-
13

A

a

.C. Development of manpower and educational

\Elanning

-

To assist in strengthening existing national, re-
gional and inter- regional educational programmes
. and in the establishment of new programmes, to
include - g
rhanpower planning for the continuing surveillance
of environmental manpower requirements, de-
velopment .and utilization, and
educational planning to include, basic and continu-
ing education, regearch (as a component of *
teaching/learning), educational technology and
" evaluation, :
- thus emphasizing the co/mm,on purpose of man-
» . power develo ment an7aervice in environmen- '

-

E 4

‘tal health,

o
~

D. Improvemeni/of the q»/ality of education and \ ‘
¢ the educa,tional deli\/eiryf system :

v

To as¥ist in the establishment of international
and regional referencefservices' and 4n- the or-
gan ition of worksﬁops seminars and othér -
tings for the ex:changen of knowledge and.in- -
'i‘mation the preparation ‘of handbooks, . the
,promotion of regearch on educational planning .
. and technology, in order to. improve thé quality
" of educationand the educa\onal de}livéry éystem
E. Teacher tra% trainian speciahstg l
'I?o organize or assis in the organization of long-
term and _short- term. courses and multi~ " ,“ -
professional education coﬁrs eg-for teacher’ train-
> ing and the training of specialists yhuman ecology
and environmental sciences ande echnology.

a '9,5

Definition of educational learning objectives
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The\following objectives, which are defined in
behavioural terms, are those related to one of
‘g the primary fungt‘ions of ‘sanitation personnel,:

namely, the carrying out of éepvices and investi.9j

gatioms regarding existjng sanitation conditions

T

PAruntext provided oy enic [

@/exqreta .disposal, food: hyglene, insect and roden
c .

- determine the yielqg of the

" ‘milk; the sanitary conditions of slaughterhouses,
the conditions under.whioh»mitk—i'rhandled an’d* e =

' these on the samtary Thap o the area of Work,
v Singﬁ‘ V v‘ ' ;- ' ‘

. inclu‘dmg the characgeristics

L e

~
\

in the area of his assignment, Additionally,\the
predetermined needs are\those in water supply}, , .

@

ontrol and housing.

L ' ; ’ . l)&;
Water supply P

To carryout aninventory of water resources, that. .

is to identify all water sources and the use thatis
made of them; to localize therr on a map of the
area of work; to indicate the extent of pollution
and the topographical characteristics around each -

: water source ‘and within a radius of 50 metres,

_ Describe the physical characteristics and pat-
tern of utilization of water{';whenever possible,
ater source,

Excreta and other wastes disposal . “\
Describe the different methods of excreta disposal
that are actually used, including the capacity of

~

, septic tanks the size of concrete slabs of pit la-

trines, the existence or absenge of odours, fliea,
,rodents or others,

D_etermine approximately the number of people
using a latrine and the frequency of utilization, *

Describe the topographical characteristics of
the area where latrines are situated ‘and the dis-
tance of excx‘eta disposal systems from water
sources. ¥

- Identify those areas where defecation is prac-
tised in the open and the physical characteristics
of such areas in relation {o water sources, resi-’
dential areas, public mankets, etc, ' . i ]

Determine the composition and approximate
volume of household refuse,. r:"ﬂ

Describe the nipthods of disposal of refuse e
the Qan{ary COn\gitions .of disposal areas, etc. ’ o
.s‘ L o . L

°

N <

Fdod hygiene e,
7 = .

Describe the. sanitary conditions of p,laces where
foodstuffs are stored prepared sold and consumed,” -
and in particular those of public markets, restau-,
rants, etc, ; methods of transport of foodstuffs,
methods of controlling the quality 6f meat and

» .
» [N

\ v

sold.. -

-

. /

Insect and rodent confrol
ts, with parti-
licated in

Identify insects, molfuscs and rod
gular reference to those that?f" Te i
idibease transmission, :
Determlne the physic characteristics of
‘marches, or other places wiiere water stagnates,
lbreeding pl;k:e for insects an{i odénts, andlocalize

a8

Xy‘

R
o

Describe the types of housing\ n the area’ogwork
fh‘e terrain on w,hich ”

walls. .

. ‘
»
R, -

[




"‘Describe the sanitary\conditions of housing
. in respect of aeration, yentilation and the num- .
ber of people using. the/sleeping quarters.
Indicate the methods of water supply to the.
premises and methods of storing water for drink-
ing purposes; methods of excreta and Trefuse dis-

- posal, etc.
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v ENVIROI(MI CNTAL ASPPCTQ WITHIN UN]DO'&
s ACTlVITH*‘S IN THE FIELD OF TRAINING

-Paper pnesented by the United Nations lndustrial
Developmént Organization

UNIPO organizes [n-plant Group Training Pro-
grammes for engineers and advanced technical .
parsonnel from developing countries in co-
operation with the govgrnments and industries.of
countries ‘havmg the specialized know- how and'
experience in the field in which the training is
carried out. » It is-being increasingly recognized
that intensive, systematic and closely controlled
training in a suitabl¥industrial environment is one
of the most effective
experience in a relatively short time, Through
these programmes a means has been found pro-
viding an experience that might not otherwise be

" possible, 4 ‘

The programmes help to bridge the gap be-
tween the specific requirements of industry and
the theoretical knowledge the participants have
acquired through their studie’s, - Theyalso provide
an opportumty for an exchange of ideas and expe-
rience both among senior personnel of industry

- and.research institutes in-industrialized and de-

r-3 veloping céuritries and among those. from¢ the de-

' velo°p1ng countries thegn'selves.

: - The first in-plant grouptraining program mes’
°were carried out for specific. sectors of industry
‘such as iron and steel,, electrical, textilés and. '
pulp and paper, Later, programmes on functional
subjects - "maintenance and repair, standatdiza-

, tion, quality control etc, - were introduced,, It

" is expected" that programmes for;’other 1ndustr1a1
sectors.and for new functional o spec1ahzed sub-
jects will -be gdded.

Each programme consists in general of three
major elpments a theoretical introduction, actual
in-plant training and an evaluation session during
which the part1c1pants prepare individual reports
appraising the programme and- discuss how the
., " newly acquired experience can be applied under

-

the conditions prevailing in their home countries,

UNIDO is responsible, together with the host
" authorities, for the design of each training pro-
ramme, the r@cruitment and selection of parti-
cipants, an overall evaluation of the programme
follow-ujr actiyities. To increase effective-
nessy ts are *heing.made to place the pro-
grammes on a long-term basis; where’ posslble
or have them carmed out for at least three y
in su(.reqsnon
© = 1n1972 UNIDO took the initiative to organize

o i one 1

- an in-plant group training

ays of acquiring industrial -

r'ogr'amme'orik environ-
mentdl aspects of industrial development, which .
programme was carried out in early 1973 by the
°Un1ver51ty of North Carolina(1), In 1974 UNEP
) agreed tq finance the incorporation of environmen-’
" tal elements in a number of in- plant group train-
"ing programmes,
- paper on environmentdl aspects has been or will
' 'be prepared by a consultant and the subject matter
will be introduced in the following programmes:
- Pulp and Paper Industry (Sweden), Iron and Steel
Industry (Ukrainian SSR), Petrochemical Industry
» [(Romania) and Textile Indystry(Poland). Inanum-
ber of existing programmes, the environmental
. aspects were already included, such as in the pro-
*  gramme ori Application of Dyes and Chemicals to
" Textile (Switzerland) and on Managément of Main-
tenarice Services (Swéden), The material thus
prepared will’ be used in repeated programmes
as well as in training activities (continuous train-
ing of practising engineers) carried out by UNIDO ~
in-the developing countries themselves,

UNIDO is also the co-operating agency for a
number of other projects in the environmental
field, namely: (i) environmental considerations in
the leather- producing industry; (ii) case égudi'es of

. four 1ndustr1a1 development projects; (iii) studyon
the development of integrated industrial complexes
with minimized pollution; (iv) environmental con-
siderations in the iron and steel industry; and (v)
study on synthetic varsus natural products -*pilot
project on the rubber industry. The material de-
veloped'in these studies will be utilized in UNIDOs

" field prOJect including training projects both in the'’
developing countries themselves as well as in the
in-plant group training programmes referred to. ’
- abagve. : ’
In order to assist the develdping dountries
‘with information on industrjal development, UNIDO

has established a clearing-house seryice in the
form of an lndustrlal‘lnquiry Servic " which ser-
vice is used by 1ndustry, industrial institutions
and, if so required, by education institutions. In,
1973 the UNIDO Industrial Inquiry Service, pro-
cessed 3, 500 nswers; of these 20% were related
to* equlpment‘ '50% to technologles and 30% t093
1) For further details see Ar;ne); V, paper .
" by Professor Okun, Syt

For four programmes a special B
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?’ statistics, programming, management and train- aspects related to ing'ustry. JInfermationis supplied * |
"+ ing, The Industrial Inquiry Service is also pre- from UNIDO's own soyrces as well as froma net-
‘. * pared to provide interested parties in the devel- work of correspondents .in different couhtries, )
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WMO ACTIVITIES RELATED TO AIR
- POLLUTION

Paper presentwedby the World Meteorological
Organization e v

« -
£

- . t

o

v

1. Inview of the possible unfa%urable conse-
quences of a gradual increase of low-concentra-
tion pollution in the atmosphere, there is agreat
need for a world-wide monitoring system to fol-
low the trends of atmospheri¢ pollution at a back-
ground 1ével, - With this in mind, WMO decided

" in 1970 to launch a projectlaithing at the establish- .
ment of a global network of observation stations
to be located sufficiently remote from industrialized
areas so-as not to be influenced by fluctuations
in pollutlon from local sources, It was agreed
that, ‘to meet the WMO requirements, the net-

’ work should consist of two types of stations with
‘ distinctly different objectives; ' .

(a) Reglonal air pollution statloﬁs 1htended
to reveal long-term changes in atmospheric com+

. position which may be related to changes in re-

L gional land-use practices or ‘other activitie§.

(b) Baseline air pollution stations, designed
to document long-term changes in atmospheric
environmental parameters of particular signifi-
cance to weather or climate, with a minimium in-

i fluence from local or regional factors.

-2. As regards the first type of station the
network became operational in July 1970, Singe
‘that time and as a result of a request to all mem-
bers to establish at least one regional station in
)their territories, the network has been expanding
“and now comprises some 90 stations from 42 coun-
tries. It is hoped that in the next few .years this
network of stations makmg measurer;\ents of the
atmospheric compesition will grow t \\NDO stations,

3. ‘Concerning the second type\af station
continued interest is being devoted tF establish-
ing such a network. So far, nine mbers have

N proposed locations for altogether lf} such stations,
It is currently gstimated—that—fmal]{y about twenty
stations of this typé, well distributed over the. -

- surface of the globé, will meet the spatial samsz’ .
pling requirements to allow studies ‘of long—term A
global trends in atmospheric composition, - '

4. Anarrangement has been. made w1th the

. United States of America who have volunteered
to collect and publish, und r/WMO sponsor&;hlp

_the''Turbidity, and precipitation chemistry data"

" in accordance with mutﬁally agreed upon formats

- and standards. o
5, 1o order to apchwvo ﬂ\n\standardlzatlon A4

T and comparahmty of thL data I'r%\m tht network,

:v,..[lQC e 95»

: -

o

"( ‘14
i

&)

v'likel\vy to build up to a certain critical level,
,‘ height of 'the chlmney stack is determined by the

k)

L)

v

a mariu'al is being prepared, g'ving detailed speci-

fications for the operation of the stations and step- -

by-step instructions for recommended sampling

an analysis procedures.  Pagt I of this manual
MO Operations Manual foif Sampling and Anal- §

ysis Techniques for ‘Chemical Constituents in Air

_and Precipitation' gives advice and describes the
Part 11 which *
‘is'to.present guidelines on sampling and analysis

- techniques for gaseous and particulate mattes In

programme for regional stations,

air at baseline air pollution statldns is now being
prepared w1th the collaboration of several emment
scientists, It'is expected to be published in, mld-
1974, ) ° N
6. WMO is incrﬁasingly aware of the needta

study man's impact on global climates through,
various activittes, The United Nations Conference
on the Human Env1ronment in Stockholm in 1972
in fact recommended WWIO in co"operatlon with
the scientific community, to continue ongoing pro-
grammes or create new’'ones as necessary to study
the consequences for the world's clipnate of man's
increasing impact, The Global Atmospheric Re-
search Programme, acommoﬁer{terprlse of WMO'
and ICSU, has already taken steps to organize a .
special international conference on models to be
used to, study climatic fluctuations and man's im-
pact on global climates, Various other activitie§
for promoting research on climatic ﬂuctuations
are likely to emenge.. A

1. WMO, a ‘hough espec1al]‘v interested in
background polltf ion and its effe'ct on climate has
also considerab}#: activities going on in relation to
problems of hlg-concentration/ ir pollution. A
working groupioh atmospheric pbllutlon and atmos-
perhic chemlstlry of the Comrmsfsmn for Atmospheric
Sciences haslf{repared a technical note on meteo-
rological aspects of high concentratlon pollution in
local areas which deals with transport and disper-
sion in'urb ;&j envu'onments and, forecastmg tech-
niques for att fospheric pollution applications, The -

“titlesof thid'tiote is '"Dispersion and forecastihgof
_air polluti(j’n'-'.

8. As is well-known, engineers need toknow

~how high'to build chimney stacks and health authori-

tfes need to know when the amount of pollution is
The

helght of the 1nvers1on level in the atmosphere and-

L2




‘the t!e'mpexatux'e of the stack effluent, Meteoro- relatxon to air; pollutxon}meteorologlcal potential,
logists can be of paxtlcul.u help in air pollution In planning cities, indu$trialization, agricultural
control programmes by providing forecasts of activities ahd resort areas, it is gssential to es-
the atmospheric parameters that permit the buxld-' ’ © tablish in advance, by means of cgmatologlcal
up of pollution, These are called forecasts of : data for relevant meteor'ologxcal parameters,
"air pollution potential', the#probabilities for a1r pollutxon toao.ccur taking
9, A more popular review of meteorologu,al into consideration e sion factors as well as ~
prgblems in connexion with high- concentration air -, topographical and oth\ local conditions. Clxma-
., pollution and their treatment has also been‘pub- :  tologists in meteorological servicés *have been
- lished by WMO under the title ''Meteorological " urged to take on such investigations and a rap-
.2 factors in air pollution' (Technical Note No.111). *  porteur of the Commisyion for Special Applica-
N 10., ‘As far as consequences of air pollution tions of Meteorclogy and Climatology is now pre-
‘v iare concerned, -it is necessary to consider also . paring international guidelines on the tecthwes
‘ the problem of dispersion of pollutants over com- to be applied in such investigations as well as, .
. parativelylarge areas so- calledlong-rangetrans- .7 listing those meteorological parameters which P
\' port, There are many evidences. today that emis- . need climatological treatiment, | - .
" sions of pollutants from highly industrialized areas ' 12, Finally, in discussing possxble conse-

! may .spread over comparatively large distances uences of air pollution it should not be forgotten .
thereby mﬂuencmg atmospheric conditions in othe that effects of air pollution could have a consid-
countries of other continents, . Transfer through ble iimpact-on agrxculturalvactxvnies. ‘A WMO
the circulation of the atmdsphere of emissions of T ical Note No, 96 - Air pollutants, meteoro-
SO2 from industrialized areas could increase the logy and plant injury="points to the established
acidity of rains and cause in turn raised ac1d1ty damage -fo _plants of air pollutants and the very
in inland waters and soils far away from thearea ° ., close relatlonshlps between air pollutlon and the '
concerned, The WMO network of regiondl statiens. “ world's food supply are also discussed, . . -,
to monitor backgroundair pollution may ultimately J 13 At present WMO is currently engaged -
provide data suitable for investigations of such 1n~var10us studies related to atmospheric pollu- -
regiona¥dispersion of pollutants, ‘ tion, "A WMO Executive Committee Panel of Ex-

11. Climatology“must also play an important perts on Meteqrological Aspects of Atmospheric )

" réle in planning the appropriate use of land in Pollution has been entrusted with this task,

a ’ : R

@* .
. ’
4
Ty
¢
NY
0
N I - '
- * 1 I
a
. i . .o
’
a o -~
v A
. . .
.
’
@
. - R
. -
£ v
°
’
B .
a )
-
. N
%% . 4 s & v :
. \
“ “ " o ;]
,‘z .
- L4 . B L]
' b N ) ¢ " .
, v . . : .
St " ! e
N . . . d B . ~ - . .
. : . / . : - N
. . / : . N a
N , ~ . .
y . . - 7 :

\‘ . " K : -
ERIC - 9G - | R
- . ) . . o oY 9 { ) )

S . ~ 3 ) v ;’ : . s - . 97

PAruntext provided by enic [

p—




.
~

-

" of Scientific Unions -

I

L2

1ICSU ACTIVITIES : g
Paper presented’by the International Council
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The International Council p} Scientific Unions has

soveral groups which are {nvolved in the environ- '

mental aspects of education and training of en-
gineers. The Committee on the Teaching of Sci-
ences organized, (n ‘collaboration with Ufiesco, a
Conference on Integrated Teaching of Science in
Maryland i#1973, which was concerned with teach-
ing science for today's and tomorrow's society,
The Conference was easentially concerned with
the development of teaching methodology and cur-
ricula, the use of which would: d(welop lcientmc
attitudes for-yse in deciaion. mtklng give an in-
dication of the lmpacj of sclencq and technology
on society, and of the lmpnct of man on science,
technology snd his environment, * Pagtof any such
integrated teaching woild involve.developinga -~
student's awareness of the environment in which
che lives and of the ways, both detrimental and
beneficial, In whichman ia Jnodllylng it,

_The Scientific Committee on Problems of the.
Environment (SCOPE) is developing a programme
which wlll advance knowledge of the influence of
human activities upon the ¢nvironment and the ef-
tects of the regulting changes on human health and
welfare, The subject-areas of primary interest
to the meeting are rational management of natural
resources; simulation modelling; eqvlronmental
education. and jraining. SCOPE is.also examin-

- ing the possibiMties of establishing an environmen-
tal {mpact assessment gystem, The agsessment

! 'would Ldontlfy the ncuvmqp reaponsible for the

impacts and the impact teceivers, both nafural’

v,
. P ‘
“ .
.
. f .

[y

" bo graded in complexity 80 as to meet the educn- )

.mnnngers and policy makers, *

ae
o

-

apeciﬂcnlly with the prineiples and methodology ¢ of
environmental impact hssessment,

SCOPE Report 2, "Man- made lakes as modi-
ﬂed ecosystems'', is a case study of human ex- -
perience in mnjor ecosystem modification using
- man-made lakes as an example. This study pro-
vides an excellent i1lgstration of the environmen
‘ffects of a, mljor engipeering development, an
includes’ conudorntlon of such effocts on the
earth's crust, on the biology ofsthe water masses
both behind and below the.dam on the hydrology,
on the meteorology, on the people affected, oo
public health, and so on. The report also makes
some suggestions with regard'to the requinites
for modelling.

The .environmental napectn of cducntlon and -
training of engineers could be improved by the use
of a series of such case studies covering the ma-
jor types of 1mportnnt engineering works such as
dams, harbours, air fields, urban complexen,
trnnlport systems, etc. These case studies could
b,g used in courses and seminars, could form the
base for practical studies Ln workshops, and could ;

tional ndedl of high school and unlve}'slty studen

It is suggested that the publication of ngpr -
priate case studies, both prlor to and after c
plenon of the construction, dn the most freg enuy
read engineering journals, including detaily of the
types of experts that might be involved w
attention to the multidisciplinary requir¢gments of

dyd man-modified. A recent workshop dealt such caBe studies, -
N Io » -
. 2
%‘ ' . < }
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Dr. Malu wa Kalengn

National Universgity o{ Zalre, -
Kinshasa, Zaire

.1, INTRODUGCTION .

3

’F;dr a number of decades now the modern world

* has been engaged in a process of sclentificand

technologicn.l transformation, the pace of which
increases from day to day.

Because of their effectivencss, science and
‘technology aresopening up vast fields for humnn
endeavour while others,
atill to be revealed.

The progress of science and technology had,

however, been the result up to now of extremely '

pléceménl decisions, ofa moreorlesghaphazard
kind, and largely taken in ignorance of their real
lmport.” To a great extent, thede decisions have
‘been based, Turthermore, on veryfumn’mrynims
of subsistence or dominatioh,* Thef combination
of thes¢ two fatts has ended by bringing about
changes that in many sectors today are seen to
be catastrophic. This is the case in partitula
of the impact of incl\ist‘rin‘lizntion' on the environ-
ment, Wesee the iInckeasingapparition of {lagrant
symptams of overstraln in the mechanisms forre-
newing the resolirces of the hiosphere symptoms,
which point to the occurrence of irreparabl@
dumage

The rate at which tropical forests are dis- -
appearing’, for example, has become such that
-almost total’eliminationin§relatively few years'
tfme is easily imaginable.” The spreading of the
desert by inappropriate tilling -and grazing poli-

cies, coupled with extremely adverse climatic

conditions, is condemning an increasing]y large
proportion of the African population in the Sahel
zones to famine and death, The vast urban ag-
glomerations are faced with pollution problems
that are rapidly becoming intolerable: - air pollu-
‘tion, through carbon monoxide, mainly caused by
road transport noise pollution from the same
source; pollution produced by the excessive con-
centration of electro- magnetic waves resulting in
the undeBirable overheating. of living cells, etc.

Water resources are another main cause fpr
concern, “The harnessing of “such resources b
. the constmction of great gams has brought about.
".changes which are sometimes disastrous to the
"ecosystems of the environments in which they
have been sited, The systemati¢ and thoughtless
. filsposal of human waste in inland water wit#no

Aruitoxt provided by Eic:
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as yet unauapected are.,

.
.

outlets has led not only to deterioration in the
quality of water for domestic use but also to dis-
nppenrnnce of the animal and vegetable species
which have developed tn them for thousands of
years, :

* There are endless examples which all point:
to the accelerated decline in the quality of the en-
vironment,. We are thus faced by this paradox
that it is, in fact, the infroduction of scienceand
technology ih thé social, political and economic
life of thenations, atmed at improving the quality
of life, that is largely responsible for 1ts
deterioration.

In order to destroy this vicious circle, part
of the research and development effort - a still
modest proportion - is being devoted today to
remedying the disastrous effects of indugtrializa-
tion. The "technolbgy of the environment' is
making praiseworthy progress, which reflects
the concern of the world community for a more
human way of life. Quantitative gro'wth is being
replaced to an increasing extent by ‘growth of a'
more qualitative kind, . .

In order to speedup this movement, the Uni-
ted Nations Conference on the- Human Enwiron-
ment, held in Stockho'lm in June 1972, stressed-

-

. ffthe need to make the ''deciston-makers'' aware -

gk

-

v,\.

of the problems of the quality of the environment,
Amohg such decision-makers are scientists and
more especlally; engineers who should be associa&
ted more effectively in this movement in defence
of the environment, not mere‘y by inviting their
assistance in the development of new techniques
for the restoration of the environment, but by
leading theyn to fresh thinking on science and ¥
technology in the light of the impact that they
may have on the environment, This is what may/
be termed '""the enviromment of technology'. i
Theére is no doubt that if the guicflng of 'de-
velopment by science is to be more ‘productive
in improving the "quality of life', the whole of
society mustlendits assistance. But engineers

pear responsibﬂity of.a special kind. S

. modern society,

B
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Among the unjiversity-trained executives re-
quired by the nationdl production machine, the
engineer holds/ in fact, an important blace in
In the factory where he works,
in the society to. which he belongs, he represents
?ne of the main points of 1mpact of scientific

ﬂ'.

1
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and technological txansTorﬂxwatxon on the national
substratum, .
oY . ‘Because of the concentration of science and
technolo;,y that he makes possible, the engineer
affects - or can affect - the structures and tech-
niques used in decisive fdshion sowas to give them
greater effectiveness and operative force within
the context of the new general aims that the world
* community is beginning to assign ilself,
This Irmdicates the great importance of the
o part which environmental problems shouid play
in the training of the engineer,

This part obviously varies according to the
stageof development reached by the coyntry which
the engineer iy calledupon to serve, but it cannot~

- be dispensed with altogether, Indeed; althaqugh
, it is obvious that in many undm-equx;jped coun-
trles thé immediate problems - virtually of sur-
vival - Toust necessarily occupy the economic
- plannersto a far greater extent, so that protection
oftheenvironment takes very mugh lower priogity,
it"is afact none the'less that decisions taken bbth
© within national frontiers and oatside them can de-
cisivalyaffect the ecological situation in the country
. nd, ultimately, its very suryvival,
Conflict has often existed in the past, more-
oever, between short-terrn andlong-term interests,
" Survival today may thus verywell mean tomorrow's
destruction, It is therefore important, even in
situatioris of scarcity, tHat ecological factors
should be fully appreciated and taken into consid-
eration in the application of technology.

* The case of the East African high plateaux
can serve as @xample, The great population den-
sity in Kenya, Kthiopia, Uganda and, to a lesser
extent, Tanzania has resulted in over-utilization
of the land with a marked influence on the vegeta-

¢ tion of the high plateaux lying at an altitude of
over 1,500 metres. The demands of agricultyre
have led to the destruction of the rain forests in
the mountains, resulting in the reduction of water
resources, This reduction hastens the deforesta-
tion process.and even thé disappearance of the
neighbduring savannah, transforming these re-
gions into deserts, !

Even praiseworthy attempts at supplying thé

semi-arid regions with water have the effect of

~ destroying the productive capacity of the environ-
ment and of extending the desert, The installation
of a water supply attraets rural populations and

i domestic animals, ‘The grazing land, always
meagre, cannot provide for this irtrush,
appears through overgrazing,

.

-

]

@

it dis- 4

The disappearance of forests and other moun- 4

tain vegetation has repercussions on the valleys
and the plains, Watersheds are destroyed, bring-

i ing about soil erosion and the drying up of springs,

.the banks deterioration in soil fertilit
_gedimentation in streams, lakes andiseas.and,
ultimately,v the destruction of aquatic Ufe

* , Thig example is sufficient, to demonstrate
the marked mterdependence of development de-
cigions and the impact that they may have on the
environm¥nt and, ultimately, on the very future
of the community invdlved

River discharge is changed causlng exti’osxon of

Q
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~ one.country and another and as no country follows
- bound to Le reflected in the training provided to*

. engineers throughout the world, and also’ in the . o

of successive stages which are

_nology itself so that it may become non-polluting,

-.deal systematlcally with this important aspect of
* the technical-manipulation of the environment,

gether'm a sustainéd research effort aimed at

. ment of monitoring techniques, ] “ -

THE INTELLECTUAL FRAINING OF THE
ENGINEER IN. THE FNVIRONMENT SECTOR

-

{1

But how caf we translate thésé subje?.:ts of concern
to the world community into terms of a coherent
ha/ining programme in polytechnical faculties?

ft must be recognized, at the outset, that
the engineering student's training ig gf necessity ~
closely related to the stage of dcvelopmeq@t reached
by the country he'is to serve,

As the situation varies enormously between

exactly the same stages in.its economic develop-
ment ag the others that have preceded it, it can
be easily appreciated that the same digparityis

ghanges that occur in this respegt:

But as each countyy passes through a Jemcs-
imilar or analo-
gous to those through which oth¢r countries have
passed, we can see that it s d be po'ssibl«, to -
trace an affinity between the different types of
training which will lead to “The establishment of
certain basic ,guxding princxple; serving as com-
mon denominators, :

.In regard more especially to the environment )
and its protection, ‘we have, at the outset, to ap-
proach. this from the two angles mentioned above:
the restoration of the environment by the elimina-
tion of pollutants, and the '"cleaning-up'' of tech-

This.is the distinction that we have brought out
in the title of our paper when referring to the
technology of the environment as opposed to the
environment of technolqgy. « .

) ’@he second approachlends itself more readily
to the establishment of a common denominator
between the various traimng programmes pro-
vided in polytechnical fact}lties

The "cleaning-up'* 'of technology must begin
by a clear definition of the harmful effects of its
use, This point of view is seldom'brought out .
when teaching a technique, save perhaps in medi- .
¢al and pharmaceutical schools. A notable ex-
ception, however,.is nuclear energy, _Technical
training in this field invariably devotes consider- -
able at:lention to Protection against radiation, '

The first thing, then, istourge thatteachers

N

Needless to say, universities should join to-

thexdevelopment of techniques with as little pol- o
lution potential as possible,

The “technology of the environment'' approach
lehds itself less readily to the establishment of
a common denominator except, perhaps, as far.
as 'the listing of the sectors involved is concerned,
These-can be tentatively set out as follows:

(a) Water resources: development for domes-
tic, industrial and agricultural use; treatmert
and distribution; ‘sewers, - flood control; develop-

“(b) Management of industrial and huma}
wagte: recycling; storage . ]

(c)- Air pollution: monitoring and control of
pollution; 1ndustr1a1 hyglene
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(f) .Land-use management,
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I1l. THE CASE OF THE REPUBLIC OF ZAIRE
The National Executive Council (Government) of
the Republic of Zaire has been concerned with
environmental problems fr(;m a very early date,
Indeed, several national parks date back to the
colonjal.peried. The aim in view is to set aside
10% of the natianal territory as parks.

In Zaire thére is, in addition, "a National In-
stitute for the Conservation of Nature (1. N. C. N.)

* which is responsible for watchingover the environ-

ment, The Ordinance establishing this Institute
contains, inter alia, the following-provisions:
"The I. N. C. N. is responsible for carrying out

all studies or research into problems of the hu-
man environment such as deforestation, air and
water pollution, impairment of sites and erosion.
It shall provide detailed guidance on any in-
dustrialization or development project likely to -
improve or impair the human environment,
For this purpose it shall be notified of the
project at least six months; prior to execution. '
Specifically as regards training in environ-
mental techniques it is planned to establish next
year at the National University of Zaire (UNAZA-
Kinshasa Campus) a degree course in environ-
mental management with the following curriculum:

{a) For graduates in economics, law, civil
engineering, medicine and pharmacy

"

1. Compulsory subjects

Géneral biology, general ecology and quanti-
tative ecology (mathematical method in ecology);

- ) d .

geography of Zaire and of Africa; principles of
soil science, climatology and hydrology; legisla-
tion in regard to the environment; ecological pa-
thology (human influence on the environment and
its consequences); management of the environment
and rational use of resources, .

-2, Opfiona.l subjects’

Hygiene and public health; epidemiology;
principles of sociology and economics; animal ‘
and plant taxonomy; rudiments of data processing;
town planning; principles of hydrobiology; carto-
graphy and ipterpretation of aerial photographs,
demography; principles of microbiology, agricul-
ture and economic development.::

e

(b) For graduates in biolog Z and chemistry
T : :

1. Compulsory subjects -* . - ;

General and quantitative ecology; further
studies in physical geography; climatology; hy- ¢
drology; soil science; ecological pathology; prin-
ciples of economics, sociology and legislation in

~ regard to the environment; hygiene and public

health; epidemiology; rudiments of town planning;
rudiments of demography.

2, Optional subjects

‘Special aspects of animal and plant taxonomy;
rudiments of data processing, further studies in
animal and plant physiology; cartography and inter-
pretation of aerial photographs;. further studies
in microbiology; ecology of land and water eco-
systems,

- [
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OPTIONS FOR ENGINEERING EDUCATION

ing interdisciplinary
comprehenswe perspective of the sxtuation 7

RIC . |

) o —
v ol

by B R
Mr, Hidemitsu Kawakami,
University of Tokyo -.°

I.\\ BASIC PRINCIPLES FOR THE REFORM
OF ENGINEERING EDUCATION

* 1, Throughout the various fields of engineer-

" ing, engindeﬂng education has been placing too *

mugh emphasis on the goal of building things ef-
ficiently, From new on, we must also train'en-
gineers with an eye toward recognizing and ap-
‘praising the natural influences and social signi-
ficance that the results of the applieation of’
engineering create, Tralning in the proper ways
of preserving and restoring the sgcial and environ-
mental systems is necessary in all-fields of én- .
gineering education; the environmental problem

-is not the technical subject of a special discipline.

2. Dangers to the enviropment are contin-
ually 'emerging anews It is not merely modern -

' degelopment that leads to the destruction of the

environment, but even-the measureés taken for en-
vironmental protection,. as in the case of river’
basins, can create new problems.- Consequently,
as a goal for engineering education, it is impor-
tant to impart on students an attitude of eValuating
one's engineering proposals in terms of the en-
vironmental system without adhering to precon-
ceived ideas, ‘

3. The environmental problem ig not simply
the 'destruction and spoilage of nature, but also
epcompasses a complex system which is interre-
lated to thé ruination of cultural assets, qualitative
‘changes in communities, and'a revolution in land
utilization, etc,” Hence, it is necessary to take
an interdisciplinary approach to edugation and re-
.search on.environmental problems in order to ob-

" tain a comprehensive view,

4, All engineering activities exert an influ-
ence on regional society, and the environmental

problems.also exists on the regional level, Thus, .

in terms of the centent of engineering education,
we must strengthen regional studies-by promot-
aining that will foster a

s L
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{nl‘ envlronmcntal prohlvmh and to. cultivate their s

ability to comprehend the conditions restricting

theapplicﬁtionoLfengineering, the following topics

should be treated in classes and open lectures

-for upper classmen: cartography, geology, geo-

"morphology, ecology, aerial studies, safety en-

‘gineering, -and disaster prevention, .

2. We must strengthen educational pro- !
grammes on environmental problems closelyre-
lated to established departmental curricula., For
example itis essential to debate and have course -

~ offerings on ecology and digéster preventipn.
"' in.departments of. civil engfneering, mineral-

"development engineering, an ity planning; and

. on industrial waste disposal and the prevention,

; of air and water. pollution in departments of .ap-.

. ! plied chemistry and metallurgy

Y 3. Various departments are already revising -
their courses on the environmental probiem, and
‘students from other disciplines whe have an in-
‘terest in.such matters aré®structuring their pro-
grammes so they can attend these classes,

4. We must establish separate departments,
such as sanitary engineering, in those fieldslike
analytical engineering which are;already estab-
lished but where the needs of society are great,

e
' .
o

GRADUATE EDUCATION AND RESEARCH -

N Y,,. —

11,

1. It is-better to treat the environmental as-
. pect of the education and training of engineers in
- graduate school than on the undergraduate level,
The reasons are that: N o v -
) {(a) A comprehensive perspective is néces-
sary in educatjonal programmes on environmen-
» tal problems,, and it is better that both the pro-
fessors and students be gathered from a number
of different backgrounds./

(b) The environmental pro‘blem is a new Ny
field of study, and itis important to have a sys- !
tem of. education that will teach students while

. promoting research and to recog'nize that having
—students-do _research i /6n important part of
their educatipn. e ,
. -(c) The result: ot‘btaking students from all
fields of engineering and training them will.have.
a broad favourable affect on each, field in' terms -
~of the envxronmental problem.. C
. 2. At thig pomt ] would like to introducu

t
ol
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the outline of ""The\scheme for the establishment

of a graduate course in environmental science",
drawn up at Hokkaido University in 1973, which
goes. beyond the confines 6f engineering education
and incorporates an interdisciplinary approachin- -
volving the patural, gocial, and humanistic
sciences» ' - :

Basig principle :
| .
"This" course is constructed with the aims of ;;ro-
moting the' multidisciplinary and interdisciplinary
research which is the characteristic of ‘environ-
mental science, and of ediicating approp?iately
qualified students in this field. .

4 ‘l

e

‘\
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(ii) Organization

With regard to the organization of the tourse,
many opinions were presented, and the following'
two proposals were g(amined: A, Structure on
the basis of research methodology; B. Structure
on the basis of.research objectives, The follow-
ing four major courses and twenty- three chairs

were adopted: b o,

A. Environmental structure

1; Basic environmental study: natural his-
tory, history of environmental chglge, biogeo-.
graphy, etc,

2. Environméntal climatology: physical
chemistry of the atmosphere, urban climate,
climatic change. e ‘

3. Earth environment: limmwology, soil sci-
ence, topographical change, etc,

Ocean environment: coasts,” sea surfaces,

ete. | _
5. Land ecological systems: ecosystems,

ecological heredity, biochemistry, etc. '
6. Sea ecological systems: ecpsystems,

ecological-heredity, biochemistry, etc,

»

B. , Social environment

.

1, Demography: static populations popula-
tion mobility, etc, ’
2. Human e‘cology distribution of settle-
ments, community structures, etc,

3. Environmental medicine: environmental
physiology, adaptation, etc, ]

4, Environmbntal pathology: poisoning, pol-
lution diseases, social problems, etc,

5, Social psycholﬂ group consciousness,

* mental hygiene, mass commumcations, etc,

ERI
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6. Environmental law: environmental rights,
pollution law, environmentalladmimstration, etc.

C. Environmental preservation

1. Ecological management: biological re-
sources, preservation of species, etc,

2. Disasters: natural disastgrs disastet
prevention,

3. Cold-area cnvironment: northern zones -

ivehhood and products, etc,

.4 ,andscage preservation and improve-
ment of landscape protection of matu re, ete,

.

.the "project'team"
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.5, Control of environmental contamination;
atmosphere, water, soil, living things, ete,

D, Engironmental Elan'ning 4

1, Regionallplannﬁg_ long-term over~a11' :
planning, land utilization, urban and rural plan-
ning, community organization, etc,

2. Environmental transformation: space
and ocean.development, etc.: .

3. ResourceEnning_ utilization manage-
ment, circulation, etc, .

4, Environment of daily life; social welfare,
educational planning, etc. !

5. . Location of industry: regional economics,
location theory, etc,

6. Environmental systems: system analy-
sis, prediction, etc, . .

(iii) Managemen v, .

-

F—

In regard to the management of the courses, the

following two proposals were examined:

A, In connexion with study, Yo ‘adopt a 'pro-
ject team' method.

B. In connexion with education, to adopt
common lecture system, |

The following methods were- adopted:” "

A, In each major course, to establish a
common lecture systein, a requirement of which
being compulsory attefidarice for all,students,

B. For the acquirem®ent of credits, to es-

" tablish an optional lecture system, and to allow
- students to attend lebtures outside their special

courses. :
C. Besides the above mentioned, to estab-
lish a "project- team" System (in accordance
with draft X), and to.prom@te flex1b1e research’
act1vit1es

.

k)

“ D, To\make it possible for students to pur- -

sue interdisciplinary research through joining

[RY

(iv) Strengthening programmes for the.
continuing education of practising
engineers" .

1, The continuing education of practising
‘engineers is especially important for integrat-
ing environmental problems into the various
fields of engineering and for giving engineers ,)5

. new insights,

. 2, For‘that reajé\n, the first thing that is
necessary is that professors and researchers
be re;educated by promoting in a positive man-

-ner interdisciplinary research on environmeh-
tal problems, Through joint wesearch, univer-
gities and research instftutes can continually~
reproduce fresh educational capacities. 1 would
like to propose as a theme for such joint research

..the study_of regional problenis, on which the ac- |

tivities of many of the ficlds of engineéringhave .
. an influence,

P

3, At pr cmnt um\'m sities havd as thch R
stOm of continum[., cducation master's pro-.

grnnnhea gr adualu reseat chms ayditors, and
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special students, ' There are =lso seminars that
public and private enterprises conduct, ‘But in

Japan, despite the many needs of society, the .

present university system Is not fully uiilized.
The Government's lead is vital in having public
enterprises use the university more for thecon-
. tinuing education .of their employees.

' 4., If we were to hypothesize about the con«
tent of continuing education, the establishment
of'a graduate course for this .purpose of dtleast
" two to three years would seem desirable,

(v) Primary and second y education

»

¢

The persons who are most conocrned about the
conditions of regional society, where the env1ron-
mental problemc are occurring, and who under-

. . stand its circumstances are the citizens, Con-

sequently, in ordgy that general citizens may
comprejend env1ronmental problems and, if+
necessary, increase their ability to study tech; -
nical information, we have to strengthen basi{
educational p?bgrammes on environmental ‘prob-,
lems- in primary and secondary schools.
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INTRODJICTION : / " _ relevant to our purpose.- These y/ill of course,
- J . : change from society to society, with+ ‘eircum-
’ The néded for increasingenvironmental,,aw,areness ‘ stances.and with the lével of edupation being’
at all levels of sbciety has been emphasized in . considered, The IUCN defines environmental
~  recent years in recogrition of the fact é{;at en- ©  educatioh as "the process of recognizing values
‘ vironmental problems arise largely ‘a tack and clarifying -concepts in order to develop the .
S of understanding, on the part of decision-makers, skills and attitudes that are necessary to'under-
-~ planners and the lay public, of the complexity of ' stand and appreciate the interrelations amohg‘
natural processes, The Stockholm Conference ¢ man, his culture and his bio- physical surround-
- on the Human Env1ronment recommended effort, “ings". In simpler terms, environmental educa-
both national and 1nternationa1, to perote env1ron- ) ‘tion is education."about the environment' that
mental education which was to be ' 'interdidcipli- could be used, among other things; "for the En-.

! - nary in approgch ... encompassmg all levels of vironment", i e, to understand and solve its
education and, directed towards the gengral pub- problems. ThlS would obviously require a spec-~
lic", An International Congress on Environmen- * trum of knowledge that would go far “beyond the

+ tal Education is soon tobeheld by the International . confines of any single conventional discﬁaline of
Union for Conservation of Nature and Natural Re- ' science or 'technology.
sources (IUCN), in cQ-operation with Unesco, to . The education process should help provide
evolve methods to promote education in environ- a comprehensive understandiné of how thenatural
mental subjects and ways to inc‘orporate these in- * world works of man's dependence on his natural -
to the national educational systems.. ] - environment and resources and of the ways in ’
In India too, such a need is being increas- . which his multifarious actiyities can preserve
ingly realized. The structure.of odr traditional or break those links that support and sustainall
curricula or~disciplines do not unfortunately pro- , life on ‘earth, Environmental education must,.
vide the kind of education that is needed, although - moreover, include the social and behavioural
some courses particularly these connected with * sciences to provide a fuller understanding of the
life sciences of necessity, contain subject matter N interactions of man with other men and with .
©  which is of relevance to a study of the environ- : nature, '
ment, A number of institutions are,keen.to re- - R The fundamental need is for a clear percep-

\ - orient their teach\\ing research and training pro- tion. of the inherent properties of the’ various
grammés to include a more compreherisive en- components of the natural envirorrment and the
vironmental perspective that will impart the . 'linkage between thém, It is-these linkages which
kno‘wledge and skills required for improvement’ _ .. are often forgotten in the monolithic, discipline- ?
and conservation of the environment, based departments of our education institutions,

It is in this context that some suggestions b Multidisciplinary courses, textbooks and instruc-
are'made below on the possible fornis and features .~ tion materials have to be 'designed to cbver this
. of institutional environmental education, by itself . . deficiency. Activities- like conservation and
_-can achieve verylittleto promote a general aware- anti- pollution measures come easily to the pub-
""ness, 'when the major part of the country's popula- ’ lic mind and there is the danger of these, un-_
" tion.remainsbeyondits scope, "But in order to keep, ' .- doubtedly significant, areas of study masking«
the area "of consideration more specific the focus . | the importance, of other.less ‘glamorous aspects
“has been restr1cted as mentioned above. \ ’ like the problems of population pressure, human.
¢ , _ gettlements, depletion of resources, etc, This )
7 *"E‘ﬂucational needs A T : is particularly true of countries like_India which :
B share the tremendous ‘énvironm@ntal problems e
' Almost everything is a part of the env1ronment > .-of poverty such as !‘ap].d p0pulation growth,
<  “and thus, almost every subject is relevant_ to en=® - g .
+  vironmental éducation. Yet, we can definer Speci- “ *® Secreta1 y, Departmént of Science and Tech- )
fic areas of concern. which are pa‘rtxgularly oy : nology,‘Ne_\v Delhi, lndia R C : {
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recent years,
lished regults of research shoulkd hoe constantly

inadequacy of urban and rural infrastructure,
health care, nutrition, etc,, together with the
more often highlighted ecological distuption that
results from rapid industrialization,

Despite the general urge for anon-traditional

approach, much can be ‘achieved without any radi- .
.cal restructuring of the existing educational sys* -,

tem for env1ronmenta.1 educatipn or even the es-
tablishment of a'totally separate env1ronmental

' discipline in our, universities,

- The objectives of environmental education
would fit into three broad categories, namety
(i) education for orientation; (ii) education for
specialization and (iii) education,for professlonal
adaptation. ‘

(i) Education for- orientation: this would be

aimedat creatinga general awareness and a sense
of responsibility towards the environment among :
the educated, This would hopefully-equip them
to judge the effects of actions and policies that
would have a bearing on the environment, In -
other words, the curricula for studies should ex-
tend from the primary school stage to the college
level and should provide continuous and liberal
input of environmental concerns so that irrespec-
tive of the future career (higher educatlon voca-

“ tion,. etc, ) a' student decides to take up he would

already have a broad but comprehensive under-
standing of the deep interdependence of man ‘and
His environment,

At’'the primary level the educatlon should
begin with the student's immediate environment
using the environment itself as the stydy medium
because that is the starting point -in developmg
his imagination and understandmg of the world,

At the subsequent levels, environmental elements
could pefhapsreinforce already existing subjects
such as nature stlﬂhes geography, civics, etc,,
keepmg in mind the interdisciplinary nature of
enygronmental concerns, Well gesigned lessons,
demonstratlons open air classes, exdursions,
_n’?anner
and courses should be preferably.far rémoved
from the large doses of '"book knowledge'' that
has besome the staple diet of present day educa-
tion, Audio-visual and other aids, quizzes, de-
batgs, essay competitions ete., would be helpful
for the purpose, %

Some suggested course- cortent for different
levels of the oucntatlon education are given on
page 108,

(ii) Piducatipn for spemal]zatlon at the_
graduatc and pgst- graduate levels, educati
largely carecr-oriented, Many of these courses

s

‘have to do with flelds of profesmon that have di-

réct influence on the quality of the environment,
¢. ¢, agronomy, engineering, industrial manage-

ment, town and country planning, mining; -etc,
At these levels, education should providea -
clear perception of the relatiénship of each field
to the anxronment and the km&sa of problems that

could arise from the associated pracbices - the
knowledge that may only havd Feen generated in:
This ohviously mecans that estab- -
?
used to modify and ¢nhance outdated techniques |
aned moethods,  In instilling the problem solving .

" seminars, workshops, etc,

.are already well established,

capacity into students they have to be made aware
of how to make comparative assessments of en-
vironmental damage that can result from various
courses of action (involved not only with the basic
discipline but also with its sister disciplines) and
how to make the appropriate'c,hoice best suitedto
the prevailing local conditions and constraints,
Besidés class-lectures, emphasfs may be
given to project based course-work, case Stydies,

" vocational training, information seminars, etc,

The possible environmental content for some
courses are outlined on page 108,

~(iii) Education for professional adaptation:
this is to provide occupational training to in-service
people who are by profession directly or indirectly
involved with environmental conéerns. Such people
would include:

1, Professmna.ls such as engmeers, archl-
tects, settlement planners, agronomists, hydrol-
og{sts, conservators, etc,, who act. directlyupon
the environment,

*2, Professionals suchas economists, sociol-
ogists, development. planpers, lawyers, admmls- ’
trators and other decision- makers whose functlons
involve them in indirect actions on the environment, « .

* 3, Teachers, communlty educators, science- B
writers, etc,, who are instrumental in generating
environmental awareness among people, .

" Such training could be impafted through suit-
able designed shortappreciation/refresher courses,
The content and dura-
tion of such programmes would be determined by -
the nature and purpose of training,

The introduction of programmes of this kind
would require some preparation in curriculum de-.
velopment, organizatignal changes, devising and
testing the materials and methods, training of
teachers,-efc., but should begin immediately to
meet the pressmg refuirements, Such special
short programmes may be organized in a few
selected educational institutions of the country
whofe some basic environment-related studies
It would'also be
useful to form compe&ent interdisciplinary train-. .
ing groups comfrising educators; and specjalists
in those institutiots to conduct such progra:.nﬁg.‘s
A few 1nst1tut10ns for example, are suggested
below: = o - v

Core subject area " Institutions ~

3, Quantitative ecology
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Madurai University; £ h
Benares Hindu University;
Delhi University
‘Jawaharlad Nehru Univer- ,
sity; Bombay University;
Gokhale Institute of Poli-
tics & Economics, Poona
Indian Statistics Institute

1. Biological sciences
‘and ecology

2. Humg&t;ies and so-
cial scicnces

_andenvironmentrics ) .
Iinvironmental plan- School of Planning and Ar-
ning and engineering chitecture, Delhi;:IIT,

) Kanpur; Jadavpur Univer-
N . i
. sity; College of Engineer-
! . ing; Guindy




-5, Resourcd IIT, Delhi; Indizn School of
management Mines, Dhanbad; Forest*Re+

7 , > gearch Institute, Dehradun;

b \ Soil Conservation Research

‘ : pretation Institute (Survey of
‘ ‘ India) Dehradun.

1
%

Educatignal needs for env1ronmental engineers -
~N

6 " S
Though engineermg has many and varied inter- -
actions with the environment, present engineer-.
@ ing education reflects this only mimmally. Tra-
ditionally, the. training of engineers has been .
designed to resolve immediate problems without
much concern about thelong-range consequences
of their actions,. As a result, short- sighted use
of technology,. to cure immediate ills," as often
been the cause of.much gteater environmental
. problems, These considerations becofne most
significant in the activities of those who. are re-
o quired to manage human settlements and guality
.of their environment namely, the env1ronmental
engineers, A N
Environmental Health Engineering is essen-
_ . tially an outgrowth of sanitary engineering which"
. primarily deals with the needs of municipal sani -.
tation, .
) orientedI .and concerned, with public-water supply’
and waste disposal " Within the present limited
areas of concern, sanitary engineering has .emi-
. nently succeeded in mitigating communicable
' diseases, ‘but had been unable to include work on
’ the broader implications of environmental actlon
and has often created new problems in the very
act of solving others, Thesehaveincluded water
. pollution problem by disposal of solid wastes,

-

This field has traditionally been "diséase-

‘

-

pesticide pollution in eradicating disease vectors '

and so on, Needless to 'say,. it was unprepared
to tackle the new problems ariging otit of the

present radical ttansformation of man's material '

envirpnment, The first. full-fledged diploma
course on sanitary engineering was introducedin
India in the All India Istitute of Hiygiené and Pub-
lic Health\xi\llHPH) as early’as in 1938, Subse:
quently, a post- graduate courseleading to degree .
. of Master of Engineering (Public Health) was al-
80 1ntroduced in 1948, in the same Institution’
“which was first of its kind in South East Asia,
However, to meet the changing needs of so-
ciéty the curriculum of sanitary engineering has
“of late,been greatly modified to include subjects -
" like solid waste management, industrial waste
" treatment, water and air pollution env1ronmen-
_‘tal hygiene rural sanitation, etc, . Until recently
the training was mainly confined to ‘the "under-
graduate level as‘a part of the course on-civil en-
. ‘.gineering, But now a number’ of lngian un1vers1-
5. " tiesoffera master‘s degree and are well- equipped
* with research facilities in this field, A general
o&tline of the existing courses for undergraduate
and post-. graduate studies (master's d“egree) is
shown on page 109, : & .
. With the emergence of the modern concept of
environmeru:al design’'and management' which?®
" essentially involves the integrated expertise of
planners, architects and engineers who ultimately

EY
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~

Dehradun; Indian Photointer-, _
* Jit cannot be restriéted only to controlling environ-

R

N development he should ppssess & fdir

- urban blight, noise etc,, and should ai: deal with™

¢

.. which w111 allow us on the one hand .to use our

RIC o N t e 106}‘

\»ing issrapidly emerging, .

- '?1‘ . - .\ . N
; » : DT

condition and regulate the énvironment of human
settlements, ‘the need for a new kind of engineer- .
Environmental enfineer- .
ing has to conern itself from now on with the pro-_ '

ection and conservation of the human env1ronment

mental nuisance and hazards from the health point
of view but should also provide man with the most
favourable environment possible, More emphasis
on rational dgvelopmental planning as a way to im- , >, -
prove the environment - to have one's cake and ’
eat it too! ‘

_ With these objeMives in view, the education

for environmental engineers should be based on o)
"systerd' and'resource'’ approach, sinceultimately
it is environmental systems and resources which
govermthe ''quality of life'’., An environmental en-: e
gineer must visualize the human environment as
a whole and not in unconnected parts. To under- -,
stand the far-reaching implications of a particular
owledge ¥ .
about biplogy, eeology and related subje ts in ad- '
dition tostechnical skills, . s ’

+  Therefore, besides’ including sybjects ‘related - .
to environmental sanitation and health, environ- v
mental engineering should &lso be directed to focus ‘
on problems of hux‘nan ‘settlements (both urban and
rural), €, g. overpopulation congestion, slums,

-

env1ronmental agpects of development ojects,
water resources location of industries and citigs, -
structuring of aGtivities within a city, transport.
systems, recreational facilities,. etc, The exist-
ing course needs to be s\;fficiently broadened to
cover these'areas and the training programme
should involve application,of modern techn ues
of systems, analysis ox‘ganizational and nage-
ment techniques, etc. . “Though the human environ-
ment may differ to a certain degree depending on !
‘the state of local development and other special ’
characteristics, the basic requirements for such
education would remain universal,
_ b Somé suggested course-content for post-
graduate studies (master's degree) are prov1ded
, on page 109,
1 » “ R

Conclu sion ‘ ' v

Introduction of env1ronmental education into our
educational programmes .is already overdue, Our |
institutions have to address themselves to fulfil
this need, This requires the formulation of rele-
vant pélicy guidelines and strategie% and also_de- k
velopment of necessary methodology and’ study maz -
terials. Much is expected to, emerge from the: ~
forthcoming World Congress on Environmiental
Education, Meanwhile we must evol ‘e an ‘approach’

present educational syst‘ems ang on the other, to
.develop new institutions and methods, All—the
while we must remeémber that solutiohs to the -~ 1.
problems of ghe énv1ronment and those. for the
problems of . development can .and 'do go handm
hand, .
This will require pa!‘tlclpatlon of expert edu- .

- cators, €ducation planners and environmental sci- -~ -
entlsts for exchange of vicws. “In rder to achieve o

196
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. thiS, we, in India, are conmdering the formation Scienceand Technology. The promotionof environ-

. of a competent advisory group comprising of rep- mental education is one of the rmajor areas
‘resentatives fromuniversities, environmental .  envisaged in the proposed "Enviropmental R&D .
-health engineers, ecologists, planners, sogiolo- Programme" under the''Science and Technology
gists, engineering project mangers, systeins Plan' proposed by the Department of Science and
engineers, in the Office of Environmental Plan- Technology dunng the period }19_74 1979, ..
A ning and Co—ordination of the Department of - . : .
o - - Anne'xure I T . - ' . .

: -~ ) 2 N . .
Environmental studies for orientation - some suggested sybjects :

o 1. Primary school 1eve1 - . v : . v ’
RN . . : “ - . - Co [
(1) , Earth Sclence (meaning of earth and man's record on it), S S
(ii) Nature and Natural Resources, o . . K
* (iii) Need for Air, Water and Energy, . . :
(iv) The Process of Living,’ , i ' : St

-

2., Se'c:ondary school level .

(i) Outlmes of Ecologw

CL (1i) Human Geography (human societies and settlements) - : . . ,
: (iil) Resources and Wastes, - . , .
e (iv) Outlines of Environmental Conservation, o o

(v) Society and the Environment, ¢
Pl w

3, Intermediate college level _ - . - o ‘ : ' :

a (= ) 7/

-— -

(1) Concepts of Environmental Systems Methodology and Resources Management.
(i) Soclo-Economic and Cultural Aspects of Environmental Protection, K

Annexure II - ’ s

A - . — . .t

Suggested course content for environmental studies at advanced level (non- eng1neering c0urses)

Y

r - - ’ .
. . Disclplme . . /Course s ggestion _ .
1. Bio-sciences: 4 o . Y System Ecology; MComparative Ecolbgy, Bio-
. ) ’ . ". Energetics and Bio- Chemistry; Environmental
( i ‘ ) Physiology; Plant and Animal Ecology, Pollution

Ecology.

~—~—

2. Social sciences: L Human Ecology; Socio Economic Development and
- ‘ . Environment; Society, Environment and Psycho-
. ) - dynamic Processes; Human Geography and Popu-
6 ¢ ) . o lation Dynamics Human ProBjems as related to
' - Environment; Sociélogy of Urban and Ruralsettle-
. e . ments; Urbanology, Enyfronmental Legislation and
Co. \ : Administration; Econdmics of Env1f~onmenta1
v , ‘ ' ) Protection,

Systems Ecology, Environmental GEOIOgy, Natural
Resources and’ Environmental Cornservation;
, , ) Meteorology and” Climatology, Geomorphology,ﬂ -
- * e Hydrology; Economic Respurce Allocation ‘and
. o o Utilization; Development.and Environment Popu-
o T ’ < . latien a.nd Human Steements. .

3.; Geo-sciences:

Human Ecology and Environmental. Health Ecology
R of Drugs; Environmental Pollution and Interrela-
v _ . tignship ¢ f Pollutants and Pollution of Air So11

4, Medical sciences:

ith, .
: \~/"“ /’“"’”(‘
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Discipline

5. Agricultural sciences:

B &

. . 'Conservatlon
; Annexure NI © v
. R ‘ e

) Existing courses of sanitary_engineering .
. . .
L - Undergraduate stddies for civil engineers ., * -
»
) ~ . /

' ) (i)

(i)

L Course suggestlon

Systems Ecology, Agro-‘Ecosystems Soil’ Proper-
ties and Nutnen‘ Transfer Soil Management and

ology of Herbicides gnd Resti-
Plants of Envirohmental S
Significance; Land-Use; Foresfry, Fish and Game

s » - Crop Productlc/)n

cides; Plant Protectiony

Pre-final zear (compul sory)

4

Samtary englneer?ng:

v e 7
Final year (elective group): -

1. Public Health Engineering -
»*

.

l.
L

. 2, Advariced 'Sanitary Engine"éring

»
PR . . -
~ A7 ’

v

a ’ AN . 0

I

‘(_i‘)' Background ‘paper: i /

I1. . Post- graduate cgurses legding to rnaster's(degreeﬂ,.
L] - ‘L - R

-

Major group (all su

waste treatment

T group (any two subje'cts):
Sanitary bio-chemistry *

Environmental hygiene

3. Public health admlnistration

-

(iv) Spec1al problem - courle work ona sele@ted probIem

/water engmeerlng - advanced N
wagtes and gaseous wastes engineéring

Sanitd{ry biology and mac‘robio}ig‘y

3
1

Water supply and sewerage engxneerlng broad‘pri.n-

ciples and practices.
p 'P0

Prlnclples of bloIOgy, bacteriology and parasxtology,
Communicgble diseases; Host- parasnes relationships; .

Environm Q tal health,

Waterquallty(chemistry and biology); Assess ent ofJ
_water quantity &nd quahty demands, Major unit oper?
tions"involved in the tmegstmept of water and waste

Wa\ter
>3

4

Material science
Higher mathematics o ) -
(1iif Angillary group (any one subjgct) :
. n\\ -
1, Foundation eng1neer1ng .
2. Structyral mechanics and concrete qng'inee{'inbg y .

« @ .

Thesis - baseﬁyﬂsearch on a selected toplc ) A T

"

Suggeé‘ted course ‘for envxronmental engineering for pos gra ate studxes -

Annexute 1V R

"

N

-

. Aspec & of human environment as re}ated ta, soc1o- economicr‘ .
- deve opment ‘Huian geography and population dynamlc ‘
HuTdan ecology, Natural resources - economic
utifization; Quantitattve ecology and concep

s of envu‘on

g

2
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Human settlements:

E

@ .
[

. :gnvi'ronmenty hygiene: e ’

!

Water qualit,y management: -
I .

1
.-

[ ‘ P a

Environmental management:

)

4

- lutants and air pollution; Bioassay of a
. control. technology, economics of pollution control, noise

[

“

Urban and countryside - location, form, structure’and func-
tional’ aspects; Environmental zequirements in humar settle-
ments (urban and rural); Land-use planning and environmental
design; Housing and working environment; Transportation and
recreational services: Solid waste management; Environmental
conservation, B
N . ) t . B

Environment and community health; Communicable disease
and vector control; Occupational health and industrial hygiene;
Environmental sanitation with special reference to air, water,
soil, food quality and pollution by pesticide, noise and radio-
active substances Public health practice. and social discipline.
,Water resources - management for multiple uses; Hydrology
of Surface and groundwater; water quality analysis (physical,
chemical and biological) assessment of quantity and quality
demands; design of water and waste-water facilities; water
and waste- water treatment.meéthods; industrial water supply;

_industrial waste treatment' limnol'ogy and W'ater' pollution,

Meteorology and climatology, Chemistry of air pollution Air

pollitants - sources, transport phenomena; redctions and effects;
Aromatic by- products of combustion; interrel&tionships of pol-
tants; pollution -

~,

abatement, . .

.
<

Nation‘al environmenta‘l policy; Managemgnt of resources; En--
vironmental administration; Intéknational environmenta.l acti—,

vities Planning and development of resource system.

In addition , there should be a special problem for coach work and a thesis.in partial (ulfilment
of the requirement for the master's degree as at present.
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CONCEPTION FOR STUDY OF P‘NVIRONMI"N'I‘
' CHANGING BY MAN AND TRAINING SP[‘CIAI ISTS *
IN THE SOVIET UNION

by . . ’ ) :
A, M> Ryabchikov, Moscow State University

tate Committee for,Science and
r the USSR Council of Ministers

l. Bondarenko,"
Technology un
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Weshare th'e concern of Unesco, MAB and‘other

dnterna,tional organizations for the accelerated

. concep’tidn

~~goes,beyond the biosphere!

" equilibrium,’

»

)

»1ng textbooks, and planning scfentific researchin

_oxidation and

changé of the environmment by man, We under-
stand the need to study this process and to take
steps fr its slowing down in order not to cause
irreversible consequences, We also understand
the significante and the need for training a yourig
generation of engineers and scientists to solve
this very acute-and complicated problem,
" But while training various specialists, writ-

-

this fitld we come across the lack of a general
Wwe' greatly appreciate efforts,of the
authors’ of the MAB Programme as well as the
ideas of other ecologists, but the environment
Besides cytoplasm
it inclixdes mineral substances and it also requires
ecologic, socio-economic, technological and

. psycf\ologlcal analyses.

-As. we know, 'biosphere, lithosphelffe; hydro-
sphere, “and atmosphere“are closely connected
by the interchange of matter and energy ard titey
present an integral material systemn in dynamic
It is a semi-ppen system having _
restricted relations with the earth mantle and
cosmos, - We call it geosphere or environm,ent

© At present six energy factors determine this
equilibirum, They are-solar energy, gx:avity,
téctonic forces, chemical energy (primarily
stqration reactions), biogenetic
energy (photosynthesis, chemosynthesis, energy
of oxidatién and food assimilatign by animals,

- reproduction of biomass productivity) and lastly,

y

the sixth factor -.energy of the world's 1ndustry.
The first five factors, developing conjugately
according to the geological time scale for 3; 5-4
billion years have formed the environment and, -
t last, man himself has been created who secre-
ted from hominids as early as one billion years
ajo. When a socially organized man came into

being a new factor: energy of the world industry
.emgrged,- This factor has developed in the his- -

duringg ologxcal time, is preservedor disturbed
. depends on ‘the capacity of mankind to organize
production in itg broad sense,

Does man. adopt new condxtions of the -

/mﬂ.

.
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enviroiment? Naturally, he does, but its rate,
due to biological laws, lags behind the rate of en-
virogmental changes,
The scope of human activity has become gi-
gantic, Not to exhaust you by the full list of what
"materials and in what quantities are discarded in-
‘to the environment by the world industry but we
should }«ike to mention a few, Every year, 800
million tons of various metals and almost 60 mil-
lion of (unknown in nature) synthetic.materials are. - .
produced, above® 300 rfilillion tons of mineral fer-.
tilizers and about 40 million tons of various toxic
chemicals are scattered down in the fields, 8 mil-
liard tons of fuel are burnt, discharging up to 20°
milliaré tons of carbon.dioxide and over 1 milliard
tons of other solid and gaseous compounds, includ-
ing cancerogenic, are thrown out into theatmos-
sphere,- Efficiencyof varibus combustions average
33 per cent, Man>ases -13 per cent of the fresh
water, 600 milliardtons of which arethrown-back
- into rivgrs and lakes, Due to such a degree of
pollution, its neutralization requires twelvefold
dilution which is not surprising, taking into ac-
count that modern {ndustry produces 12 thousaﬁd
_ 6f various chemical compoungds, s
By present forecast, these data.will enlarge
Jto4times by the year 2000 in the light of modern

-;}_} means of control of environmdéntal pollution,

Problems arise: for how long'will natural re-
Gsources last, will thé climate change, will environ-
mental equilibrium be disfurbed?
As it can 'be seen from serious scientific
sources, the climate of our planet will not change
during the next 100’ fears and there will not, be
fatal, global deficiency of natural resoux‘eesei
' though it does not exclude regionai disproportidn?’w.\
' A great concern is used by a possibility of dis--
\

-

turbance of chemical environmental equﬂibrium
due to imperfect technology which does not matclx
the power of modern industry,

‘Disturbance of chemical environmental equili-
brium occurs not only because of heavy losses &
~@vhile extracting and tredting raw materials but
also as a result of scattering material during use, '
There'* are no eternal-goods,  Technogenic entryof
chemical elements and their compounds into the T
environment which are widely used in industry and Al
private life, exceeds 10-100 times their natural ‘
entry (volcanic processes and rock weathering).
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For example, almost half of 650 million /ﬁma
of reduced iron are lost during the first year'due
to treating, mechanically working, and corrosion,
One-third partof the chemical minerals extracted
is lost in treatment and transportation, Tf-pro- .
toctive measures are not taken, considerlng the ¢
growth of industrial production, then the content /
of iron oxides in sol] and sufface waters will be
doubled, lead and zinc compounds will increase .
by 10 times: mercury; cndmlum and stronilum/ -
by 100 times etc. ,’

And here we come to the deadline, We hape
‘surprisingly little knowledge of what chanz{s
chemical elements and compounds might undergo
. as they are plentifully dlfmsed\‘n the environment,

For how long have they been cohserved and what

will they come to? What is the capacity of the en-~ .

vironment to absorb these pollutants? What is

the limit beyond which a catastrophe can follow?

- In a phrase, the problem of circulation of mgtter
) and energy in the environment is to our regret
" not worked out. In case where knowledge of na-
tural circulation and the quantity of additi nnl
growth of industry is. avallable it should be pos-
sible to forecast envlronme_ntal changes, -
" We calculated that all over the world |n the
, process of extraction, transportatlon,‘tre tment
and utilization almost 50 million tons of oi} and
its products arelost yearly; this amounts'to@ per
‘cent of the annual extraction, About 15 mil
tons of the oil and its products mentioned abpve
go into: the ocean, up to 23 million tons of hyjiro-
carbon, as vapour and gas, enter the atmosp ere
and 11 million tons of heavy oil products rema}
' on the land, At a temperature of 20°C.oil ls o
idized within a fortnight, at 15°C the process o
oxidation takes halfamonth, andadt a temperature
" of 5°C half a year, In arctlc waters oil remains
Afor years, For instance, in the Chedobakto Har-
. bour, Nova Scotia, Canada,” due to the cold Lab-
. rador current, an oil slick has remained for almost
4 years since the catastrophe of the "Arrow"
tanker in 1970 when 16 thousand tons of oil were.
poured out, . '
One-third of young bionts perish under long
effects of oil, Oysters taken in waters polluted
by oil have up to 30 micrograms of benz(a)pyren,-
- 100-200 micrograms of chriyzen, more than300
micrograms of flouranten and other cancerogenic
. hydrocarbons per 5 Kg of sh’élled oysters. Min-.
.-eralization of the oil’ poured on the earth crust
..z, oecurs at the'same rate too, but what happens to
- its components.in the atmosphere, Unfortunately
we do not yet know,

‘At present the demand for oil increases by
8 per cent and extractlon by 5 per.cent a year

At such a growth of bil usage and its present
-losses, the latter ay increase twice as much -

by 1985, and it may create a critical situation

for survival of aﬁlumber of blocenoises and man .
" himgelf, Therefore the. development “of non- .
A\polluting sources (solar energy and controlled
" thermo-nuclear syntheses) and a renouncement’
- of the burni.ng of organic fuel have. become avital .
"conditlon for survival, . .
o . ~‘Contamination is dangerous for man, anlmals,

|12

. ou1

;selves, which do not participate.in metabolism,
/ The concentration of lead compounds, pesticide
4. DDT and other toxic substances in plantg, and in

". which is passed on to the new generation,

. lead in ocean waters has inéfeased tenfold,

'blologlcal enable one to catch 770 to 80 per cent

. and they are not reltable’in operatiom.. The out-

- of this problem,

. wastes show’s thattheatrposphere, soil, and river

- Republic of Germany and Japan.
" to compare theé air in Moscow and Tokyo or the

. leading enterprises by.pollution control facilities,

~ “duction by 2 per cent, .
enterprises with cleaning facilities ‘and to reculgt.- -

" 'much, and simultaneously the production cost will ;\

income,
" totally provlded by nature andijts resources has

fand ﬂants because organisms are capable ‘of y
e s s

\

[ & -
accumulating elements and compounds within them-

ER
c .

the body of animals and man exceeds dozens of

times their content in soil, natural waters“andair,
This toxic matter is found in the mother's milk

Due to .
general -circulation of the atmosphere and water "
on the earth, contamination has:taken .a global
character. A lot of toxic substances are found in
samples of {ice from C.re%nland and in the Antarctic
where. certainly nobody scattered them. For the

past 20 years the conoentration of tetra- ¢thyl-

1

Modern means of pollution controlQ including .

of pollutants in-the laboratory. In practice not

‘more than 25 per cent of pollutants are caught on -

a world-wide scale (65 per cent in the Soviet Union, -
akout 50 per cent in the l]nlted States, less than ..

10 per cent in-the develo]:ixg countries). The

means of pollution control are. very expenslve yet .
(10.to 40 per cent oftheoverall ct’ist\of enterprises). = -

standing American economist dand ecologist. Barry .
Commoner has presented a socio-economic aspect ’
In his oplnlon the pregent con-
flict between man and nature is caused by theunco-
ordination of private enterprises still dominating
on the earth with: vital social values, such as the’
environment has for mankind, ..
*.An analydis of concentrations of industrlal

waters in the Soviet Union are in averag’e’three
times as.clean as in the. Unlted States, Federal -
1t is sufficient

.

watér of Dnieperand Rhine or Volga and Mississipi
to see the difference. It'ls one of the advantages RO
of socialism, - o

Recently the expenditures on restoratlon and
protection of the environment in the Soviet Union .
exceeded 2, 5 per cent ofthe national income, that .
is about 8 milliard roubles a year, In the United °
States, they amount to 1 per cent of the national
income or 3.:5 thillion donars. The report of the
United States Council on Env’iro\rltuental Quallty
(March 1972) states that the equl ing of 12,000
would take 32 milliard dollars spent over 5 years,
and this im its turn would increase the cost of pro-
To €quip- al], the industrial . .
vate- Injured nature, it would take 10 times as -
grow. These figures are likely to give some no-
tion to an American that pollution of the ‘environ-
ment is an inevitable phenomenon, ™ Is it really the
case?  Naturally, the need for environmental ex-

. pendltures on protection, reproduction and recon-

struction ef the environment in a number of coun-
tries amount to and sométimes exceed national '
. The time when man, like a child, was ', N

passed, He polluted the environment, wasted its
-y
resources and nature as the mother coped
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“ties,

v ,
successfully with neturalization of wastes in order
to maintain equilibrium of matterand energy cycle
to a certain extent, At present the rate of pollu-
tion has reached, and in Some cases exceceded,
the rates of their natural decay. Fflence,
serve sucha great defiree of pollution and degrada-
tion of the environment that it needs large funds
for its recultivation and reconstruction. *

,What are the ways to overcome this crisis

without lowering the production growth and living °

standards of a numemcallv increasing population,
To overcome this crisis in the interrelatios
between man and environment over the whole p]tanet
with countries of different socio- econpgmic struc-.
tures there is no other sensible 'wa.y out but to |
,lput an®end to the arms race. The restriction of
arms, and part1cu1ar1y strategic disarmament,
- will make it possible to save annually, at least,

125 milliard dollars which rfpresent only half of.

all military expenditures oughout the world,
and,to use them for raisingghe economy of devel-
oping countries, for the control of population
growth, Tor the improvement of cleansing facili-
for the promotion of search Yor new non-
pollutlng sources of energy, and as 'a strategic
task to transform gradually 1ndustry into recycling,
"dry'" technology and an industry | ‘without by-
products. x

- These are tne main conceptions about the
interrelation of man and the environment of which
we intb”orm our students, The procegss of training
and teaching the specialists, including various
engineers: chemists, metallurgists,vaetc.; in the
fundamentals of environment protection has three
trends in the Soviet Higher Schools,’

1. The creation of spec1a1 departments "Pro-

- tection of Nature' at blolog1ca1 and geographical
faculties, They are few inznumber,.
ments were organized in Kazan and Tomsk Uni-
versities,” and similar departments were opened
in Irkutsk and Rostov Universities this year:
Specialist- ecologists trained atthese departments.
work mainly at natural reserves and at some
_planning organizations, Tlowever, expemence
shows that if it is easy to train a specialist.to
work at a natural reservé€ (but"they are not in
great demand) it is eXtremely difficult to train
such an ecolog1st who will be exper1enced in num-
erous branches of modern industry.

1. , Thus, there exists another way: it is ob-
llgatory to deliver lectures on the fundamentals
of environmehtal protection to future-engineers
at universities, polytechmcal technological and
other institutes whose graduates will deal with
the utilization of natural resources, or with ex-
‘plbitation of territory and water areas.

' Such cqurses under different names are in-
cluded now in educational programmes of almost

we ob- . -

Such depart-

e
. )
li

the Moscow State University at the Faculty of

" Cleography, Professolr A, M, Riabchikov delivers

a course, w}z/ch takes 70 hours, toall the ptudents,
It is called/'Changing of Environment by Ind v
and Proféssor T.V. Zvonkova delivers

ectu
oh ""Bdseés of Geographical Y‘orecast' at ;&anetaxy
and regional aspects,

. A course entitled ""Beconomic

Rational Use of Natural Resources and K

mental Protection" is delivered at the Egonomic

Faculty of the Moscow State Unlver31ty At some’

facu1t1es the cour’ ‘se ""Interaction of Man Jand Bio-

sphere'''is given, As you know, the mafter is not

" in the name but in-the essence. ‘The course of

lectures is mterestlng and useful only when the .

professor solves problems together with his

students,. With this purpdse, scientific labora-
tories on this topic were organized in a humber

"of Soviet uUniversitids and institutes, A pecial

> scientific councﬂoco ordinate scientificlsubjects,

and it can f1nance., them.

111, However no matter how 1mpoxtant are
the courses on. env1ronm€nta1’ prptect1onl, ratmpal
use of natural resources,. and their economig, éval'-'
uation, this tra1n1ng is not sufficient for specialists
_employed in modern industry, Thus, the system
of Soviet higher education has a third lgvel of
tra1n1ng specialists by means of specialcourses
and seminars, According to the solutioh from the
II1gher Education Ministry College everqv profes-
sor delivering Sp€3c1a1 courses, fob example on
dhemical technology, metallurgy, mining, agri-
cultur®e, use of water etc, , must pierce them with

‘ideaa,and methods of envirdnmental protection,

* Some.lecturers consider these problems in a spe-
ci'al, section of the course, Architects think-of
how to arrange a complex of constructions on a .
defin'itfela_ndscape, to retain its natural appearance.

As modern science and engineering have been

¢ differentiated a great dealsiab rigid scheme to
present these problems doesj not and cannot exist.
A great many methods of using natural r@soprces
and. technblogwal processes define a lot of view-

' poiwts on env_1ronmenta1 protect1on Under these
cond1t1on§ it is espec1a1,y important to work out
the basis of a general conception of this extremely
complicated problem* .

A lot has been done and is be1ng done in the
field of environmental protection, and reconstruc-
tion as Well,“ in the field of education in the Soviet :ﬁ
Union, +This problem has become State policy.
Nevertheless, we are far from an idealizationof
our achievements, A great deal should be done
both in scientific and practical aspects.
connexion we think that the discussion of the prob-".
"lemggof educatlon and tramlng will be useful and
of great, 1nterest 1t is very imbportant tq define
basic conceptions of these problems in order to

’
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all universities and institutes, In particular at relay race .to new ‘generation, S :
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