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FOREWORD

The. Proceedings of the 4th and 5th Bangladesh Science Conference is
foing to be in a three parts in combined volume 4 &5 : Part-1 contains
the General President and the Sectional Presidents Addresse's part II of Vol
4 & 5 contains the abstracts submitted from October to December 1978.
Part II contains 501 abstracts in seven different sections and contains an
author and subject index, Part-Ill which contains abstracts submitted from
October to December 1979, will be published subsequent to the Science
Conference and will contain more than 2C0 abstracts in seven different sec-
tions and will also have an author and subject index. I would like to express
my gratitude to the various sectional presidents for cooperating with me
for the production of this volume. I am also grateful to the Vice-
Chancellor of the University of Rajshahi and Chairman of the Organising
Committee and also to the Dean of the Faculty of Science of Rajshahi
University and Organising Secretary of the Science Conference and many
others in the University of Rajshahi without whose untiring efforts the
Science Conference would not have been possible. I am also grateful to
the. President and the President-Elect of BAAS and to the members of the
BAAS Council who have actively supported not only in the Publication
of the Proceedings but also in bringing out the Bangladesh Journal of
Scientific Research which is the regular journal of the Bangladesh Association
for- the Advancement of Science. I would specially like to offer my thanks
to the Press who had printed the materials quite sometime ago and held on
to the printed materials for one year for final binding. This volume contains
significant observations by the President of BAAS and other Sectional Presi-
dents and hopefully will bring about increased awareness leading to more
productive research in Bangladesh in all the fields of science.

Pacca, March, 198Q,
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—ORIENTATION OF SCIENTIFIC & INDUSTRIAL
RESEARCH TOWARDS ECONOMIC DEVELOPMENT-

ADDRESS
BY

THE PRESIDENT

PROF. MOFIZUDDIN AHMED
M. Sc (Dae), Ph. D. ( Penn. State )

CHAIRMAN,
BANGLADESH COUNCIL OF SCIENTIFIC AND

INDUSTRIAL RESEARCH

Hon'ble President, Your Excellencies, the Vice-Chancellor of the Rajshahi
University, Members of the Bangladesh Association for Advance-

ment of Science, Distinguished guests, Ladies and Gentlemen

Introduction

1. At the outset I should like to avail this opportunity to express my
deep gratitude to the fellow members of the Bangladesh Association for
the Advancement of Science for the honour they have done me by electing
me to the highest position of the President of the Association. The
confidence reposed on me by the scientists of the country carries with it a
great responsibility, which I accept with a profound sense of humility. I pray,
i may come up to their expectation.

2. We feel greatly honoured and encouraged by the presence in our
midst of the President of the Peoples' Republic of Bangladesh, General
Ziaur Rahman, who, in spite of numerous pressing state business, has found
time to grace the occasion by his pres?nc and inaugurate the conference.
His interest in science and technology is well known to all of us and needs
no mention. We only hop; that his interest continues and his dynamic leader-
ship places the Bangladesh science and technology in rightful place to enable
them to offer the service the country so badly needs for developing a
sustaining economy.
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Development of technology

3. Foundation of economic development is technology — technology not
in the narrower sense of the use of machines but in broader sense of application
of knowledge for the production or improvement of goods and services or
simply the 'know-how". The base of technological advancement is, on the
other hand, research (symbolised by R) and experimental development or
simply, development (symbolised by D). Research (R) refers to acquisition
of new knowledge ; and development (D), to "the systematic use of results
of research and of empirical knowledge directed toward the introduction
of new materials, products, devices, processes and methods — or the improve-
ment of existing ones—including the development of prototypes and pilot plants.
It comprises the studies needed to ascertain the technical, social, and economic
feasibility, usefulness, acceptibility and profitability of the innovations''.
Research derives its concept from present knowledge, and proceeds, in the
sense of industrial research, till a new technical product/process is evolved in
a laboratory : then comes the development to take up the new product/
process to the stage of manufacture through various stages such as small
scale use, pilot plant study, feeassibiity study, consumers' testing, costing,
marketing, etc., as shown in Fig 1. It is to be noted that production
is attained through development. In other words, in the development of
technology, R & D are inseparable links of a chain that ends finally into
production, each link assisting and stimulating the other.

4. Research and Development are not necessarily sequential. They
may go side by side. There could be independent inputs (ideas, empirical
knowledge, existing knowledge etc.) to both research and development. The
output of research partly enriches knowledge, and partly flows into the
development; again a part of the output of development flows back to research
in the form of new knowledge, new and improved instruments, equipment,
techniques, though the major part brings about technological innovations
and feeds industries and industrial concerns. Development involves engi-
neers, whose task is to apply technology to satisfy the human needs and
wants, and thus deals with the conception, design and use of new forms
of plants, equipment, machines or their installations and ensures "the most
efficient ways of reaching well-defined social or economic objectives by
such means.''

5. It is to be borne in mind that results of research flow into
production through development, and therefore, if scientific research is to
be made productive, and an effective tool for economic development, deve-
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Source : Mees and Leer Makers, The organisation of Indus-
trial Scientific Research, Me Graw Hill, 1950.
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lopment (D) must be associated with research (R), and be given enough
emphasis. Developed countries put enormous stress on D ; and D receives
major supports. For instance, in 1973, Sweden spent in R&D $791
millions out of which some $ 543 millions went on Development. It was
estimated in 1977 that US would spend $ 26,612 millions in Development,
$9,101 millions in Applied Research, and $ 5178 millions in Basic research
(Table 2). The position in developing countries is, on the other hand,
otherwise. Development did not receive as much consideration as it deserved.

It is important to note :

"Research results whether produced locally or abroad are only of
value, if they lead to production of goods for sale at a profit or if
they provide essential service. The all important implementation process,
involving scaling up, consumer testing, manufacturing, management,
marketing etc., is far more expensive, difficult and time consuming than
the initial research and without thsse implementation processes, the initial
research is sterile."

I should like to re-emphasise that research, development, and production
are inseparable links of the same chain. If one link is missing, the chain
is broken and result is negative. If one link is weak, the chain is weak
and contribution is insignificant. Unfortunately this was hardly realised in
our country. Consequently the result is that the scientific research is little or
nonproductive. I shall deal with it later on.

6. R & D are related also with other sectors of national life and
closely with higher education as shown in Fig 2. It is hardly necessary
to point out that base of effective R & D is good and efficient higher
education. Those nations, which are advanced in higher education, are also
advanced in R & D and technology.

Implantation of technology.

7. Implantation of technology in a count y takes place in two ways
through (i) vertical and (ii) horizontal technology transfer. Vertical
technology transfer is one where flow of knowledge and know-how follows
the sequence "research, development, technological innovations''. This is
practised in most developed countries. They are dependent on international
trade, and subjected to a serious competative market, which put cons-
tant pressure on them for new products, improved quality, efficient equi-
pment, cheaper variety etc; in other words, competative market compels
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them to develop new technologies and introduce innovations. Therefore, they
are constantly in search of innovations, and support heavily their R & D
establishments for the purpose. The world-wide expenditure on R & D
amounts at present to $60 billion of which 98% is spent in developed
countries. In horizontal transfer, on the other hand, technologies propagate
gradually within a country or from one country to another and extends

RESEARCH
AND

EXPERIMENTAL
DEVELOPMENT

(R&D)

I iy ' . - ' • • ' : •• E d u c a t i o n '•••.-•'• •'.•'•'

Fig 2 : Digram showing R & D and their principal inter-
conection with other aspects of national life.

Source : UNESCO SC/CASTAFRICA/3,
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from one use to another, from one branch of industry to another, and from
one economic sector to another within a country or from one country to
another. In developed countries both the systems exist, and one system finds
support in another. While "vertical technology transfer'' generates new tech-
nology, the horizontal transfer transplants it to the country concerned, and
to other countries. Developing countries, in general, receive technology through
horizontal technology transfer from developed countries.

Need for R & D.

8. It is often argued whether a developing country, like Bangladesh,
having meagre financial resource and acute shortage of foreign exchange could
abandon technology generation or vertical technology transfer and depend
on horizontal technology transfer from other countries, Opinion is in favour
of such participation in vertical transfer, the reasons given are being :

"(a) Horizontal technology transfer alone cannot provide a satisfac-
tory solution to either the agricultural problems peculiar to the
climate, the soil and the local water balance, or the mining
problems resulting from the countries geological formation ; a
domestic R & D drive in favour of vertical technology transfer
in these fields is always indispensable ;

(b) In view of its "communication" aspect, horizontal techology
transfer requires the supplier and the user to be "on the same
wave-length''. So in the receiving country there must be teams
of scientists and engineers whose research activity keeps them
abreast of the science or technology in question. It is obvious
that these teams can attain and maintain this position only if
they themselves participate in original technology innovation ;

(c) Horizontal technology transfer is carried out on more favourable
terms when it is possible to combine barter and purchase. Coun-
tries which are able to offer in exchange the results obtained
in their own public or private laboratories will have access to
the best foreign licences and to the most advanced foreign
know-how ;

(d) Each stage of development must be a stepping-stone to the
subsequent stages. In its first industrialization phase, a country
must, there fore, prepare the vantage points from which it will



tackle the following phase. So, from the outset, it must have a
potential for original technological innovation in a few well-
chosen areas ;

(e) Public scientific and technological services, which have an essential
part to play during the first phases of industrialisation, cannot
attain and maintain a high standard of quality, nor can they
fulfil their educational role in the country, without conducting
significant research activities."

9. It is true, the cost of scientific and technological research at home
is an expensive undertaking which is beyond the present financial means of
many developing countries like Bangladesh but these expenses must be
compared with ever increasing cost and dependency associated with hori-
zontal transfer from abroad as outlined below :

"(i) purchase costs of patents, licences, know-how and trademarks;

(ii) expenses incurred in acquiring the necessary technical knowledge
and know-how at the pre-investment, investment and operational
stages ;

(iii) expenses resulting from overpricing imports of intermediary pro-
ducts, spare parts and equipment indispensable to the implan-
tation and operation of the technology in question ;

(iv) expenses and outlays of foreign currency because of profits due
to the foreign share of the firm ; it may, for example, be a
matter of re-patriation of funds, which in part represents the
purchasing country's payment for the technology transferred;

(v) other forms of indirect costs arising in particular from restrictive
clauses in the contract, such as prohibition to export, or from
accounting manipulations in the case of branches of foreign firms,
enabling them to avoid paying local taxes or customs duty ;

(vi) lessened scientific and technological acculturation, owing to the
fact that branches of foreign companies tend to have all research
and experimental development necessary for the launching, main-
tenance and modernization of production carried out by the
parent company. As a result, in the countries receiving the
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technology career prospects are not bright for research scientists
and engineers, and for nationals who have undergone such training;
there is often no alternative but to join the brain-drain."

10. Stringent analysis of the scope and variety of the cost9 of
horizontal technology transfer, which are now a days spread over the whole
range of industries from the primary to the tertiary sectors, has shown
that this form of transfer tends to generate or perpetuate some of the
features of underdevdopment. The Advisory Committee on the Applica-
tion of Science and Technology for Development ( established by UN in
1964) "rejects the view held by some economists that the best hope for
the developing countries lies in their acquisition of technologies that are
already applied in more advanced countries, and that it is a mistake and
a waste of their resources for them to go in for research and technical
development of their own, in view of the costs of research and develop-
ment". On the contrary, R & D, in case of horizontal transfer of
technology can play a most significant role in developing countries in
selecting and assimilating the imported technology by adapting, modifying
and improving upon it. For developing countries, therefore, judicious
composition of the "mix" has been recommended ( recommendation No 13.
of the Inter-regional Group of Experts on the Transfer of Operative
Technology, 1972, UN Sales No. E72 II.A.I.)- The Advisory Committee also
advocated that "in the developing countries this R & D structure needs
to be heavily weighted towards the problems of production. In many cases
existing institutions need to be brought into closer relations with the
countries actual agriculture and industry, and new institutions should,
from the beginning, be strongly oriented towards the local practical problems
and towards meeting the needs of local users". This is to be noted, and
I should like to emphasise on this point for R & D establishments.

11. It is, therefore, clear from what has been said above that economic
development depends largely on a country's own capability to generate,
transfer and absorb technology. It is rightly pointed out that "of paramount
concern...are the developing countries' own capability to assess, select,
develop, adapt and apply technology and the underlying scientific knowledge".
Our country urgently needs to build this capability without which it will
remain in "perpstual bondage" and sub-servient to technology donors,
and research will remain in laboratory," no matter how bitter we may feel
about it.
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It is observed f
"It is not bad to borrow technology from foreign countries through
horizontal transfer but the way we have done it, that has done us
harm. We almost isolate and insulate ourselves, and in the process
become dependent and even sub-servient on the technology donor.

. Borrowing must not end in perpetual bondoge."

Background of R & D in Bangladesh,

12. Having discussed the process of generation and transfer of
technology, and the role of R & D in advancement of technology for
economic development, I should like to deal with the process of industrialisa-
tion of Bangladesh and the present condition of industries with a veiw to
examining subsequently on the role of R & D in our country. There are
about 400 industrial units under the control of more than half of a dozen
public sector corporations. Key industrial outputs are fertilizers, sugars,
papers, textiles, cement, jute and jute goods. Industrial sector contributes
8.1% of GDP. These industries are based on foreign technology imported
as "packages" under aids/loans. Bangladesh remains fully dependent on
foreign technology suppliers for the know-how associated with them, spare
parts, and all related matter except for routine operation. Hardly there
was any effort to "unpackage'' them, adapt them, or improve upon them
or their products. This absolute dependence never created in the minds
of the importers of technology the urge for associating scientists/technoiogists
of the country, and therefore, they (the industrialists) hardly came to the
scientists, and felt the need of R & D and persons associated with them.

13. On the other hand, what do we see in developed country ?
Industries, as stated earlier, put constant pressure on R & D for technological
innovations. In fact, "application of science and technology to development
is viewed as a supply and demand situation througli which the requirements of
industry or other sectors of national activity, such as agriculture and medicine,
aie translated into need for new knowledge and the out put of R & D
system is translated into possible economically or socially oriented applica-
tions. In this process demands are placed on the scientific community for
new knowledge in applicable form and for certain scientific and technological
services-'' In advanced countries industries support R & D heavily and
R & D establishments tailor research programme according to the need of
the industries. In Tables 1 & 2 it may be seen that in Sweden industry
paid $ 628 million out of $ 751 million for industrial research, and in U.S.A.

2—



industry contributed $ 12,935 million for development against $ 21,910 million
and $ 3700 million in Applied research against total of $ 5050 million. Nearly
three quarters of Japan's total R & D expediture occur in private sector, having
emphasis on applied research. Similar are the figures for othere developed coun
tries. Beside, an industries or a group of industry having similar interest esta-
blishes national co-operative industrial Research Association ^RA) for assisting
that industry or a group of industries. Some idea of such RAs can be gained
from the Table 3. These RAs, being answerable to industry or a group
of industries, are under constant pressure for productive research. It may be
illustrated through an example. British Glass Industry Research Association
received £ 40,000 on a ten-year programme to improve glass furnance
performance. Its reserch is believed to have saved the industry £ 300,000
per annum in fuel alone. This is to indicate that the supply and demand
situation and the interconnecting link play significant role in making R & D
an effective economic tool. Insulation makes industries foreign dependent,
and R & D economically little productive or unproductive. Bangladesh is
in this situation, neither the industries nor R & D establishments are finding
adequate support in the other.

14. In the above background of industrialisation of the then East
Pakistan, scientific and industrial research started in 1953 under PCSIR in
a regional laboratorys Dacca. For critical examination of R & D system
in Bangladesh, it is also desirable to take stock of the conditions of
higher education at that time. In 1921 Dacca University was established.
In twenties disciplines of Chemistry, Physics, and Mathematics were
introduced. Some notable parsons, having overseas training and higher educa-
tion, were appointed in senior teaching posts. They started academic research
in those subjects in the lines of own overseas research. Subsequently in late
thirties and forties came Departments of Botany, Soil Science and in fifties
Departments of Biochemistry, Zoology, and Geology in Dacca Uuiversity. More
universities with some of these disciplines were also established in fifties
and sixties in our country. Persons, having brilliant academic career, were
trained, and appointed in teaching posts in these universities. They continued
research more or less in the fields they studied abroad having little
relevance to local needs. These formed the materials for M.Sc, and Ph.D.
programmes. It is only natural that this research was academic. This is
the background of initiation of scientific research in Bangladesh ; and with
this background scientifi; and industrial research took off.
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15. Though scientific and industrial research was established aiming
at helping industries, it started, under the above background, purely as
an academic body, dealing with problems similar in nature to those studied
in the universities. The leadership of the scientific and industrial research
went to leading scientists of the country who had brilliant academic
carrier and wonderful records of academic research ; and little experience
of industry and problems associated with it. It was pointed out that
though industrialisation started in the country, yet this organisation or its
leaders or scientists, in general, were kept out of it. In consequence,
industrial research came to existence in isolation from industry with scientists
having brilliant academic records but little experience of industry, and
remained divorced from industrial needs. Thus, a gap arose during the
initiation of industry and R & D.

16. Very little, if at all, was realised that (a) reserch, ifmeanttobe
of economic and social value, must be associated with development (D), (b)
development requires engineering and design work, and (c) there was a great
need for higher engineering and technological education for technological
development. Research and advanced engineering education, which form the
base of technological innovations and development (D), hardly received the
consideration it called for. On the other hand, the independent India under the
leadership of Pandit Nehru saw quite clearly the need, and established a
number of Indian Institutes of Technology all over the country with a
determined aim to set international standard in quality. The result was that
along with scientists first rate technologists/engineers started coming out and
taking the rightful place in national life. In our case, the realisation came
only in early sixties with the Education Commission's Report and the
first University of Engineering and Technology was set up in mid sixties
in Dacca to offer advanced education. This means that advanced study
and research in engineering and technology came recently in Bangladesh.
Absence of duly qualified engineers made the industries more and more
foreign dependent, R & D more sterile and the gap between industries and
R & D wider. It was not felt because the country depended entirely on
foreign technology and never thought of its adaptation or absorption, or
desinging a prototype, or even producing spare parts. While under the political
1 eadership, engineering education and technology development flourished in
India, we just took it lightly and remained happy with establishement of
scientific and industrial research with general scientists, and no engineer/
technologist. Thus the chain of research, development, and production was

'• never established and we remained fully dependent on foreign technology.



( 12 )

Our R&D establishments remained very weak, particularly in respect of
development of technology; the research remained within the four walls of
the laboratory, mostly in the test tubes, and in the published reports, patents
etc. I am tempted to quote ( vide, Table 4 ) the distribution of scientists/
technologists of BCSIR, and CSIRO Australia for a comparison. It may be
seen that while CSIRO had 268 engineers, BCSIR has only 5.

Needs in R & D.
17. The above background, which was essential for indepth under-

standing of the present condition of scientific and industrial research, reveals
that our industrial research organisations are

— extremely weak in development, i. e. in infrastructure for the process
design and fabrication technology (consequently incapable or hardly
capable of transforming laboraty research result to industry) due to
lack of engineers, and engineering and workshop facilities ;

— ineffective in generating, adapting and dissemenating industrial
technology (consequently incapable of attracting the industrialists)
due to lack of design and engineering work within the research
bodies and in the country ;

divorced from industry and industry from R&D

— incapable of assisting assimilation of imported technology ;

— in great need of engineers who can perform engineering analysis,
design, adaptation, testing, evaluation, modification, and manufacture.

Despite, the BCSIR embarked upon pilot plant studies of some pro-
cesses developed in the laboratories for the products for which there was
known need. It has been following for the commercialisation of its processes
a practice which consists in preparation of a technical report when a
laboratory scale study is over, and calling of industries to take the process
directly to the utilization stage or to finance pilot plant stage in certain
case. In this way some processes in small scale have been commercialised.
Very little has been achieved ; much more to be done.

18. The most immediate need is, therefore, to strengthen our R & D
establishments for technological development, by way of recruitment and
t raining of adequate number of design engineers, mechanical engineers, chemical
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engineers, industrial economists, etc. in order that they arc able to study market,
prepare feasibility report, perform engineering analysis, modify and adapt
technology, develop prototype, design chemical plants, build pilot plants, and
put up demonstration units. Such pilot plants demonstration units
will attact the industrialists, and build in them the confidence about
the capability of our scientists and technologists. Further, as they
are used to buy "package", those plants will satisfy them and create
in them the urge to come to R & D. In developed countries, as was pointed
out earlier, the world competative markets force the industrialists to go to
R & D, and support them. Since our indusrialists enjoy the "seller's" market,
they have no headache, and so the only way to attract them is to put up
demonstration units, and pilot plants as is suggested above. Being convinced
of the need BCSIR has undertaken a project, "Pilot Plan1 and Process
D-Jvelopmant centre". Provision has been made for adequate engineers
and also of their training, which, we feel, will receive adequate support from
the Govt. I understand, Bangladesh University of Engineering and Technology
has undertaken a project, "Development of Rural Technology'', in co-opera-
tion with the Ministry of Agriculture, and the Bangladesh Agriculture Research
Council has a project to establish a cell on "Appropriate Agricultural Tech-
njlojy". Th;si are encouraging steps and deserve full support of the
Government. Though in the past, we did not pay much attention, it is
high time to give them top priority if we want to make out research
effective, develop indigenous techology and support our people through
creation of rural industries, and establishment of small scale industries all
over the country.

19. It has been said that borrowing technology is not harmful, rather,
is of advantage, if appropriate one is selected, and assimilated in the country.
Imported technology gets "established" in various stage as shown in page 14.
What happened in the past (and is still in practice) was that the technology
was imported irrespective of our own capability of absorption, and therefore,
had never got "established" in the country, remained ever foreign and we,
therefore, remained fully dependent on the technology donors ; our indus-
trialists looked forward always to external source and consumed huge foreign
exchange initially as capital cost and then for spare parts, etc.



Stages by which a newly
implanted technology
establishes itself

1

2

3

. 4

5

6

7

8

9

Criteria of assessment

Use of machinery and utilization of imported
products.

Maintenance, check-ups and quality control
services

Repair workshops

On-the-spot assembly line production

Local production of individual parts, geared to
on-the-spot assembly

Local production of major components, geared
to on-the-spot assembly

Manufacturing engineering (fitting up of mach-
inery and organization of production)

Design engineering (machinery and products)

Experimental development of prototypes and
pilot factories.

In other words, technology was never transferred from the donor country to
our country ; only place of production was changed from a foreign country to
our country. From the above chart, it may be seen that a new technology
in a country establishes itself fully, when the concerned country is capable
of design engineering and experimental development of prototype and pilot
factories. This is the stage that must be built if we are determind to break
the "technological bondage'11. For the purpose, the imperative need is of
engineering and industrial designs. Design is the link between science and
technology. It seeks to transform knowledge and ideas into economic good.
Even industry in developed country will not flourish without viable designs.
In the case of imported technology, such service is of vital importance for
its absorption, adaptation and building up of a prototype. Having recog-
nizing the need many developed countries started setting up a design and
engineering work within R & D establishments, and establishing separate design
centres. Expsrt Group on the Development of Engineering Design Capa-
bilities in Developing Countries (UN Sales No. E. 72. II. B. 2) recommended
a design centre with the four fundamental departments—design, production,
training, and administration (vide, Fig. 3) in a developing country.
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20. In many developed countries and in some developing countries
there exist design and engineering consultants who assist R & D institutions
in many ways. The consultants undertake detailed market study, techno-
economic appraisal and value analysis of the R & D programmes, prepare
feasibility report covering technical, engineering, economic and commercia
aspects of research products, and engineer complete plants around the
technologies developed in R & D institutions. They also assists industries,
and industrialists in adapting, modifying, and improving upon the imported
technologies. During the time of independence in 1947 in India technology
was imported and impinnted on "turn-key" basis. The design and engineering
service was practically nonexistent. It was soon realised that such service
is essential element in developing technology. Besides building up engineering
and design capability in R & D, the Govt. of India initiated the move
for the establishment of indigenous consultancy organization in fifties. Since
then a number of consultancy organizations in public and private sectors
has been established. They now offer a wide range of enginering, technical
and management consultancy services in a number of fr:lds and help in pro-
motion of indigenous know-how generated in R & D establishments, and in
adaptation of imported technology. Indian consultancy service also renders
service to other developing countries. At present there are about 150 con-
sultancy organizations having 10 to 1000 professionals in their rolls. In our
case, there exists hardly such design and engineeing capability either in R
& D establishments or in the country itself. It is, indeed, no wonder that
our industries are foreign dependent, and our research is contained in the
laboratory. This is an area which requires active and immediate considera-
tion of the Govt., if it is intended that the country should develop the
capability for technology development.

21. Further in some countries for development of innovations to the
stage of potential industrial interest or to support joint development projects
with industry, national research development corporations are set up. For
illustration, mention may be made of the National Research Development
Corporation of India (set up in 1953), Research Development corporation
of Japan (JRDC) established in 1961, Korean Technology Advancement Cor-
poration (KTAC). Though their Modus operandi vary, the primary objective
remains largely the same: namely, promotion and exploitation of indigenous
inventions, processes and know-how developed within the country by their own
research organizations. Such organizations finance the commercialization of
processes, and identify potential buyers for the sales of the processes, patents etc.
Since most of our industries are in the public sectors under the corporations,
and'private investors are limited or scanly, it seems that sveh initiation shculd
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come from the Govt. BCSIR, being deeply concerned with transfer of labora-
tory research, has set up a Research Development Division uuder it Member of
the Council for the above purpose, and has submitted a project to the Govt. for
their approval and funding. The research development centre aims at commer-
cialization of the processes developed in any R&D establishments of the country
with the help of local and outside engineering services. This is an humble
beginning; if found satisfactory, it may be raised to a corporation, and run
on commercial basis.

22. Making science a genuinely productive force in the conditions that
e»ist in developing countries, in general and in Bangladesh, in particular, is a
gigantic task. It calls for :

(i) setting up of infrastructure, such as well equipped laboratories,
scientific and industrial resarch institutions, information centres,
design and engineering centres, experimental and development
bases, extension work;

(ii) formation of optimal size of a national scientific and technical
community ;

(iii) spreading up of education and dissimination of scientific know-
ledg among people ;

(iv) orientation of people towards application of science, and

(v) integration of science and technology into cultural and social
life.

This is a stupendous task—lengthy, multi-phased; and involves ceaseless effort
and a huge finance. To illustrate magnitude of finance involved, R&D expendi-
tures of some countries where exist solid bases are given in Tables 1 to 9.
India, amongst developing countries, has increased its R&D expenditure to
Rs. 500 crores a year, after setting up a good infrastructure for R&D.

23. It is needless to point out that the Bangladesh by itself can
not undertake such a heavy task. We do not want such expensive and
elaborative research as space research, sophisticated computer research,
research on nuclear weapons ; our aim is simple, minimum, and necessary
for survival. We want to develop our capability to utilize our own
resources, to produce food for our hungry millions, and to overcome

3—
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economic adversaries to meet the people's basic needs—food, health, clothing,
shelter. We have the right to live ; ours is the question of existence.
World can not close their eyes; world can not allow us to die. While we
struggle, and 800 millions people of the world suffer for want of food, water,
and shelter, the world continues increasing its millitary expenditure, Fig. 4
illustrates the ever increasing nature of military expenses; it has gone from
155 thousand million dollars in 1957 to 275 thousand million dollars in
1976. Both U.S.A, and U.S.S.R., NATO and Warsaw Pact countries
have been increasing their military expenses. The poor nations of the
world must raise their voices against such useless expenditure, while their
people are dying for want of food, and deprived of all necessities of
human lives. We must demand of UN, UN bodies, and the developed

World mlltlary expenditure, 1957-71
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countries, appropriate fund and other assistance necessary for developing
our scientific and technological capability, Our Govt. must give adequate
support for such actions. We must seek bilateral and multilateral pacts with
capable friendly countries. We must join regional and international co-operative
efforts. Science and technology can not grow in isolation. Our scientists should
be encouraged to participate in national and international forums to share
experences, develop confidence in them and shake off shyness. Our scientists
should be associated in dealing with technology transfer. As the Science
Research Councils are not to move directly, it is imperative that our Govt.
will go all the way to work out such assistance needed for development of
science and technology in our country. Frequently delegates are sent for
trade, commerce and related matters. We urge upon the Govt. to send scientists
delegations to negotiate for such assistance as needed for S & T development.
Many developing countries, such as South Korea, Brazil, India, have developed
the necessary infrastructure for science and technology with assistance from
developed countries. Now, they are not only capable of meeting their
internal needs but also are in a position to export technology and compete
with developed countries. It is equally possible in our case, provided
steps are taken to build the facilities I mentioned earlier. Sustained and
concerted efforts of scientists, and strong and vocal support of the Govt.
are absolutely necessary for the purpose.

24. Mr. President, I am personally aware of your keen interest in
and support for development of science and technology ; research and develop-
ment ; and transformation of results of research to industry. It was amply
indicated when you personally took up Jutton project with World Bank,
and directed the Minister-in-Charge of Planning to assist me in "twinning'1

BCSIR with a suitable outside institute. We are grateful to you for your
such direct action. Science wants still more from you and our Govt. You
occasionally expressed annoyance or should I say, dissatisfaction, at the less
productive nature of our research. I have made an effort in my deliberation
to reveal our weaknesses and causes for inadequate ability to offer the service
you, Govt. and people expect from us. We need your support more
in order to get rid of the weakness and build strength. May I be
permitted to cite the case of South Korea. This country was a poverty-
stricken one, and technologically backward, as we are. While President
Park of South Korea met Persident Johnson of U. S. A. in 1965, he (Pre-
sident Park) made a personal request for help in building up science and
technology in South Korea. In response President Johnson sent a team from
U.S.A. On the basis of recommendation of the Presidential team, Battelle
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Institute of U.S.A. was assigned the task, and the outcome is the Korea
Institute of Science and Technology. It is now one of the best science and
technology institutes offering technology not only to its own country but
outside. Such a personal approach might bring fruitful and effective result
in Bangladesh. Having no territorial imperialism, developed countries would
dominate over technology ; and unless developing countries develop their-
capability, they will be exploited and their poverty will continue to grow,
while donors of technology will continue to flourish. Even in advanced country
like Canada, it was realised. In the report of the Science Council of
Canada on the development of Canada's North, it was observed : "Cana- •
dians and Canadian science and industry tend to place undue emphasis
on foreign expertise and foreign consultants''. The report says that foreign
owned firms tend to perform the research that has the greatest potential^
for long-term payoffs in their home countries. It continues, "in the past,'
most scientific exploration of Canada's North has been carried out by
scientists of other countries, and much of the North's development has been
for the benefit of others." This should be eye opener. Let us be wise, and
do our best to build the technological capability in Bangladesh without which
neither the imported technology will be established, the indigeneous technology
will be developed, nor the result of research will be utilized for economic
development.

25. In conclusion, I should once again thank you, Mr. President, Ladies
and Gentlemen, for your kind presence and patient hearing. . .
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Table 1 : R & D expenditure in Sw;d:n in 1975 (Millions US $)

Source of

finance.

Industry
National
budget
Private
non-commercial

Total
Foreign

Social

Industry.

628

123

—

751
16

sector to which R &

Public
sector
(excluding

higher
education)

5

102

4

111
1

Private.

_

1

1

2
—

D refers

Higher
education.

5

259

26

2'JO
2

Payment
abroad

14

80

—

94
—

Total

652

565

31

1248

Grand Total 767 112 292

Source : Swedish National Report to UNCSTD, Stockholm, 1978



Table 2. UNITED STATES - R & D FUNDS

I ntersectoral transfers of funds used for performance of research and
development, bask research, applied research, and development: 1977 (estimates)

Percent distribution performers.

RESEARCH AND DEVELOPMENT
[ Dollars in nijllions ]

Sources
of

funds

Federal Government
Industry
Universities and colleges
Other nonprofit institutions

Total

Performers

Federal
Govern-

ment

$6,500

6,500

Industry
$10,500

17,250

27,750

Univer-
sities and
colleges

$2,634
134
883
305

Associated
FFRDC's

$1,77

3,956 | 1,177

5-133

Other
nonprofit

institu-
tions

$<87

124

306
1,417

Total
$2i;7y8

17,508
883
611

40,800

Percent
distribu-
tion
sources
53-4
42-9
2-2
1-5

15-9 68-0 9-7 2-9

126

3-5



Table 2. (Contd) BASIC RESEARCH
[ Dollars in millions ]

Sources
of

funds

Federal Governmsnt
Industry ,
Universities a i i cjllagi..... .. .
Other nonprofit institutions....

Total

Percent distribution performers

Performers

Federal
Govern-

ment
$750

Industry

750

$175
615

Univer-
sities and
colleges

$J,949
85

564
195

Associated
FFRDC's

$366

790 2.793 366

3-159

Other
nonprofit

institu-
tions

$290
55

131

479

14-5 15-2 53-9 7-1

610

9-3

Total
$3,530

758
564
326

5,178

Percent
distribu-

tion
sources

14-6
10-9
6-3

100



Table 2. (Contd) APPLIED RESEARCH
[ Dollars in millions ]

Sources
of

funds

Federal Government...
Industry
Universities and colleges
Other nonprofit institutions

Total

Percent distribution performers

Performers

Federal
Govern-

ment

$2,050

2,050

Industry

$1,350
3,700

5,050

Univer-
sities and
colleges

S595
40

263
91

Associated
FFRDC's

$414

Other
n 3nprofit
institu-
tions

$345
42

Total

120

989 414

1,403

507

$4,754
3,782

263
211

9,010

22-8 560 110 I
--Y-—

15.6

4-6 5-6

Percent
distribu-

tion
sources -

52-8
42-0

2-9
2-3

100



Table 2. (Contd). DEVELOPMENT
[ Dollars in millions ]

Sources
of

funds

Federal Government
Industry

Universities and colleges
Other nonprofit institutions

Total

Percent distribution performers

Federal
Govern-

ment

$3,700

3,700

13*9

Industry

$8,975
12,935

21,910

82-3

Performers

Univer-
sities and
colleges

$90
9

56
19

Associated
FFRDC's

$397

,

174 | 397

571

•7 | 1-5

2-2

Other
nonprofit

institu
tions

$352
24

55

431

1-6

Total

$13,514
12,968

56
74

26,612

Percent
distribu-.

tion
sources

508
48-7

•2
•3

100
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Table 3 : Income and sources of income of co-operative research and
development institutes in Europe (1962)

-

Austria
Belgium
Denmark
France
Fed. Rep. of
Germany
Italy
Netherlands
Norway
Spain
Sweden
United Kingdom

Number

of
RAs

22
55
11
89

61
4

23
20
9

27
50

Total
annual
income
(US $

million)

1-3
6-5
1-3

520

1-4
0-25
70
1-5
035
3-35

26-5

Source of income
in percentages

Govern-
ment

10
31
9

1-5

31
50
60
—
50
20
23

Industry

50
57
77
90+

62
50
7

78
50
75
75

Special
contract
work

40
12
14
7

7
_
33
22
_
5
2

Table—4. A comperison of engtneeing personnel in CSIRO, Australia
and BCSIR.

BCSIR

Engineering.
4
0
0
0

CSIRO

Engineering.
Chemical
Civil
Metallurgical
Electrical
Radio
Mechanical
Others

* As of 31

1

30
21
32
83
20
48
34

268
December, 1968

Source : UN Publications. ST/TAO/M/48/Add. 1 (Report of the United
Nations)
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Table 5 : U. K. Science Budget 1977-78 : Allocation

£ millions % Share

A R C 20-4 8-2
MRC 42-3 170
NERC 27-2 10-9
S R C I | 138-0 55-4
SSRC 1 4 .6 5 . 9

British Museum
(Natural History) 4-2 1-7
Royal Society 2-2 09
Total 248-9 100

Figures exclude estimated receipts of £52-5 million from commissions from
Government departments (ARC, £24.2 million ; MRC, £11.7 million; NERC,
£ 16.6 million)

Source : Nature, 266, 582, (1877)

Table 6 : Japan's National Research and Development programmes

Project

Jet Engine
Pattern Recognition
MHD
Nuclear Steelmaking
Complex Manufacturing
Olefin
Resource Recovery
Traffic Control
Desalination
Electric Vehicles

. j " l
! 1 Source :

Anticipated Life

1971-1980
1971-1980
1966-1982 >
1973-1979
1977-1983
1975-196'1
1973-1981
1973-1978
1969-1977
1971-1977

(£1= 450 yen)
Nature, 270, 652 ( 1977 )

Lifetime Cost
(109 yen)*
25.4
25.0
18.4
12.3
12.0
10.0
9.8
7.3
6.7
5.7



Table 7 : Swiss Federal R&D expenditures according to socio-economic objectives, 1969 to 1972 and 1975
(millions of francs) , i

/
Objectives /

Agriculture, forestry fisheries
Production & utilization of energy
Transport
Telecommunications
Environmental protection
Health
Exploration & Exploitation of natural
resources (earth & atmosphere )
Educational research
Space research
Nutrition
Defence
Informatics, documentation
(inch data processing)
Regional planning
Business & industry motivated
research not attributable to other
objectives
General promotion of knowledge
Socially or politically motivated
research not attributable to,
other objectives

Total

1969

mfr

14.3
43.2

2.7
4.5
5.4

6.6

7.9

42.1

3.2
2.8

6.8
83.7

1.3
| 224.3

V
/o6.4

19.3
—
1.2
2.0
2.4

2.9

3.5

18.8

1.4
1.2

3.0
37.3,

0.6

loo-o.

1970

mfr

14.6
43.4
—
2.9
4.1
6.1

7.0

8.4

53.6

3.8
3.6

7.9
107.4

1.7
| 264o

1 °/
I /o /5.5

16.4
—
1.1
1.6
2.3

2.6

3.2
_

20.3

1.4
1.4

3.0
40.6

0.8
100.0

1971

mfr

32.6
45.9

—
10.6
4.7
8.9

4.1
1.3
9.0
—

71.7

—
12.7

8.3
108.2

1.2
3iy.2

1 /o
10.2
14.4
—
3.3
1.5
2.8

1.3
0.4
2.8
—

22.4

—
4.0

2.6
33.9

0.4
| 10O-U

1972

mfr

41.1
63.6
—

15.3
5.6

11.8

5.6
1.9
7.5
—

81.8

—
14.5

10.6
133.0

1.8
393-8

1 so
10.4
16.1
—
3.9
1.4
3.0

1.4
0.5
1.9
—
20.8

—
3.7

2.7
33.7

0.5
100-0

1975

mfr

, 60.8
43.9
10.6
15.6
13.5

9.8

0.9
0.7

25.7
4.3

66.2

2.1
4.6

7.8
172.0

1.1
439*6

1 "/
I so

13.8
10.0

2.4
3.5
3.1
2.2

0.2
0.2
5.9
1.0

15.0

0.5
1.0

1.8
39.1

0.3
100-0
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Table 8 : Pakistan's science research budget, 1976-77

Council Rupees
Scientic & Technological Research Division of the
Ministry. 1,998,000
National Science Council 443,000
Pakistan Science Foundation 5,500,000
Pakistan Council of Scientific and Industrial Research 29,320,000
Pakistan Medical Redical Council 1,506,000
Irrigation, Drainage and Flood Control Council 740,000
Conncil for Works and Housing Research 820,000

£ 1 = 16.5 Pakistani rupees. . 40,327,000



Table 9 : German Federal Government R&D Expenditures on Priority Programmes

Programme 1972 1973 1974 1975 1976 1977 1978 1979 1980

Modernization of tiie economy
Safeguarding of energy & raw
materials
Data processing
Technical communication & elec-
tronices
Innovative technologies in other
key areas
Space research and technology
Improvements to living & working
conditions
Research in the service of health &
nutrition
Humanization of work & impro-
vement of training
Shaping of the environment
Transport
Maintenance of external security
General support for research
Information and documentation
Improvement in scientific capabilities

Other

Total

2182-6

1066-0
306-9

24-0

286-6
498-0

762-0

792-0

8-0
160-0
3020

1302-0
9200

5-0
925-0
20-0

5201-6

2367-2

1162-0
349-0

590

303-2
494-0

925-0

329-0

29-0
200-0
357-0

1370-0
905-0

19-0
919-0
22-0

5603-2

2513-0

1274-0
372-0

6 8 0

308-0
487-9

1142-0

402-0

53-0
288-0
399-0

1404-0
1273-0

35-0
1308-0

31-0

6398-0

2722-0

1404-0
4000

63-0

335-0
516-0

1291-0

484'0

87-0
315-0
4050

1449-0
1349-0

49-0
13980

41-0

6901-0

2761-5

1435-7
3590

70-6

343-2 •

5530

1255-0

494-0

97-0
324-0
340-0

1606-0
1325-5

51-0
1375-5

45-0

7043-5

2867-8

1546-6
3080

146-0

5-2
532-0

1416-8

514-5

122-7
389-4
390-2

1594-0
1324-6

62-0
1386-6

47-0

7312-2

3099-2

1718-2
3190

149-3

307-4
5540

1562 6

547-8

155-0
426-7
434-1

1591-0
1377-7

70-0
1447-7

480

7748-5

3300-6

1888-5
8140

9-2

387-9
5710

1626-6

566-3

174-8
455-8
429-7

1561-0
1487-1

78-0
1485-1

48-0

5021-3

3900-1

1921-6
320-0

180-2

403-1
585-0

1735-0

593-1

1980
479-8
464-8

1488-8
1435-1

85-0
1523-1

48-0

8153-7

Source : Bundesministerium For Forschung und Technologie, Postfacn 120 370, 53CO Bonn 12-
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. THE ROLE OF FOREST RESEARCH IN NATIONAL ECONOMY

SECTION — I

AGRICULTURE, ANIMAL HUSBANDRY, SOIL
SCIENCE AND FORESTRY

PRESIDENT
MD. ABDUR RAZZAQUE

Divisional officer, Forest Research Institute, Chittagong.

Distinguished delegates, fellow scientists, ladies and gentlemen.

Of all the necessities of human life, food, shelter and clothing, undoubtedly,
top the list. Forestry sector of agriculture contributes mightily in these
fields. This is, precisely, the reason I have chosen to present before you
the' role played by forest research in national economy. Unpalatable but
stunning is the fact that no other natural resource endowed to the human
race has been treated with so much inpunity as the forests and forest
products. From time immemorial man has been dependent on forest
and forest products. It's the irony of fate that the forests were destro-
yed by the denizens of the forests themselves to carve a new civilization
and economy for their offsprings.

Only recently the realization that wholesale destruction of forests means
signing and sealing the document for total annihilation of the human
race itself, dawned on him. From cradle to coffin man can hardly do
without forest products, and yet he is using his brutal axe to do away
within hours what nature has taken centuries to grow. The vast tracts
of lands in the Near East and North Africa, having only about one
percent of the land under forests, are desert or near-desert sterile zones
today, which were once the citadel of many a green and fertile civili-
zations in days of yore. The untold sufferings of a myriad peoples made
man wiser and gave him the realization of the importance of forests
and forest products in the economy of the country. When he set for
himself the task of replenishing this natural resource, he found out that research
and only reserch could give him the optimum benefit he is aspiring after.

5 — •
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Forest is not only the supplier of food, shelter and clothing, but
its contribution to the entire ecosystem of the earth depends largely on
the extent of forest cover of the land. It stops erosion of top soil,
which is the seat of plant root. It also ensures protection against natu-
ral calamities. Inspite of man's ruthless axe-work, nearly a third of the
earth's land surface is under forest cover. However, these forest lands
suffer from inequitable distribution in various regions of the world. Around
40% of Latin American and 35% of Russian and North American lands
are under cover of forests, whereas, one-tenth of the lands in the pacific
area are only forest lands. About 1.5 hectares of forest land is the world
average per head. Only half a hectare of land under forest per head is
needed for consumptive use for the whole of the world.

Ladies and gentlemen, this should not give you the wrong idea
that the world has surplus forest lands. In the primitive society forests
were the main supplier of food in the form of fruits, vegetables, birds,
beasts, tortoises and reptiles, besides shelter, clothing and other essentials
of life. In present day civilization forests do not meet even a decimal
of the food requirements of man, even though shifting cultivation, hor-
ticultural practices and hunters' bullets yield not a negligible part of
his food in this age of population explosion and food shortage. More-
over, forests provide pasturelands and cattle-feed in the form of seeds
of forest species. However, in the modern society, man is dependent
on forests mainly for timber, fuelwood and industrial raw materials. Most
of the lands in the tropical and semitropical forests do not yield as
much timber as expected due to the absence of transportation facilities,
inaccessibility and other problems. With the adoption of monetary eonomy
in the rural areas, the demand for wood products is bound to increase.
It is estimated that in South Asia the consumption level would be 15 eft
industrial and fuel wood per capita, which for Bangladesh would amount
to 1200 million eft or 24 million tons per annum (1). In 1969-70, 19.9
million eft of timber and 23-3 million eft of fuelwood was harvested from
the forests of Bangladesh, besides bamboo and other" minor forest products
worth 6.5 million taka (3). The gap has been widening ever since. Another
estimate states that the supply position in 1970 was about 37 million eft
industrial wood snd 51 million eft fuelwood, including 12 million eft
industrial and 15 million eft fuelwood contributed by homestead lands,
whereas the estimated demand was 74 and 151 million eft respectively (2).
Over and above, forests, as I have already mentioned, do not serve only
as the supplier of raw materials, but its importance in covering the land,
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protecting against natural calaraeties and maintaining ecological balance
is enormous. And hence, research in the field of forest management
and forest products is indispensible in planning realistically the output
from the forests for maximal utilization of the same. In developed coun-
tries stress is put on the total utilization of the tree. In developing
nations, wood wasted in the form of stumps, cuts, limbs and branches
left in the forests and wastage in sawing, shaving and sizing in the fac-
tories account for nearly 50 percent of the tree.

Under the context, the advanced countries of the world have resor-
ted to the application of scientific research and technological developmental
work to increase their production in the field of agriculture in general and
wise utilization in the fhld of forestry in particular. The oil-rich developing
countries have to depend entirely on the scientific know-how and research
findings of developed countries till such a time that they can develope
such facilities themselves and utilize their own findings. The least develo-
ped countries have the added disadvantage of absence of funds to cater
their needs of research. Developing countries like Bangladesh which have
some skills and institutions to carry out sceintific research, should give
equal stress on borrowing scientific and technological research findings
from advanced countries to adopt or adapt them to suit their needs and
on producing newer techniques and technologies for them-selves.

Research and developmental works are carried out in fields of agri-
culture and forestry, as in the case of industries, both in the capitalistic
and the socialistic systems of economy, having scarcity of labour and abun-
dance of capital or state finance in private or public institutions. Results
are either patented or are treated as closely-guarded secrets and are only
on sale in terms of foreign exchange. Then again the emphasis put mostly
on increasing productivity of labour through automation fails miserably in
developing countries having surplus human resources. The newly emerg-
ing countries should, therefore, develope their own techniques commensurate
with their specific condition! and problems of forestry. The industrial,
agricultural, forestry and overall economic development achieved by the
two most outstanding developing countries, People's China and Israel are
but the results of their pragmatic views of research in relevant fields. For all
other lesser developing countries the pattern should be an eye opener. Re-
search, at least in the fields of forestry and forest products, has been carried
out in India, the Philippines and Malaysia to a great extent. But extension
work and dissemination of technical know-how could not be done as success-
fully as in China and Israel.
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There is no denying the fact that research findings play a vital role
in reaching the fruits of modern tecnology to the doorsteps of the common
man. In many a developing country the development in forestry and forest

"products fields is constrained by the individual and bureaucratic attitudes.
As a case study let me cite the example of the works of the Forest
Research Institute of Bangladesh. I shall first discuss the research findings
and the processes developed therein and their potential impact on the
national economy.

The pay-off to the resources consumed and expenditure incurred in
research and development in the field of forestry is enormous. In the United
States, an estimate says, 40 to 80 billion dollars of the gross national
product in 1953 was attributable to research conducted for a quarter century
prior to that (4). Had there been no research conducted between 1940 and
1950 in the field of agriculture in the United States, it would have taken
between 3.7 and 18.5 percent more inputs to produce the 1950 output (5).
For the absence of reliable statistical data in the field of agriculture or
forestry in Bangladesh, it is difficult to pinpoint the economic gains and
growths in these fields attributable to research findings. Estimation of ths
expenditure incurred in conducting research work on a certain project does
not present much difficulty. But the role of economic return to be accrued
from such a project is both esoteric and incomprehensible. Indirect contri-.
butions through forest influences in the protection of watershed and water
regime, maintenance of proper climatic, ecological and topographical features
and stopping erosion are elusive while one wants to put them in concrete
mathematical terms. Similarly, the educational values, recreation and eccle-
siastical activities, promotion of tourism and conservation of wild life are
not insignificant. So, we shall endeavour to put econometrically the primary
benefits of forest research in national development.

The internal rate of social return to the establishment, development
activities and accomplishments of the Forest Research Institute was examined
by salehuddin et al (6) in 1969. If an investment expenditure (c) under-
taken in time period zero produces a flow of net returns (R) in time periods
l...n, then the internal rate of return in the appropriate discount rate (r),

.satisfies the equation :

o n J*i c

The other additional source of secondary benefits is the consumption
produced by the spending of the beneficiaries of public projects and ancilliary
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activities. For example, if a pulp mill is established based on the findings of
a research project, the foreign exchange earned or the commodity sales
proceeds may be deemed to be the primary returns which give benefits
represented by either the resource saving or avoidance of losses in the
forest products sector. If additional gross income in a given year is deno-
ted by (W) and their actual payments by (R), the direct Contribution is
(W-R). If the proportion of additional production is (m), the additional
income is m (W-R). Assuming the marginal propensity to spend income on
consumer goods and services within the region to be (e), the marginal leakage
is (1-e) and the secondary income generated within the region is :

__^_ m ( W - R ) (7).

Secondary benefits in such projects are also derived from employment posssi-
bilites of unemployed or the marginally employed. The average unemployment
in Bangladesh was around 35% in 1969 which had ever since maintained an
upward trend. However, in our calculations we shall refrain from taking tnto
cognizance of these secondary benefits.

Forest Research Institute was commissioned in 1954—55 and since
then till 1977—78 an amount of 43.25 million taka was spent as revenue
and development expenditures. Deducting 20.85 million taka spent on the
construction of buildings and other developmental works we get a total
of 22.40 million taka as revenue expenditure.

Upto 1976—77 a total of 146 projects were completed and 125 were
on-going. More than 200 scientific papers have been published in national
and international scientific journals. We have not taken into consideration
the projects completed in 1977—78 in this calculation. Of the projects
completed upto 1976—77, half the percent may be of informative nature
and the rest are results of original research studies. Of these projects,
I am going to discuss only a few in brief.

After partition of the subcontinent in 1947 the then Eastern Railways
was importing railway sleepers from neighbouring countries. Forest Re-
search Institute worked out a treating schedule for the garjan (Dipterocarpus
spp.) sleepers for the railways. Using the schedule for treating the indi-
genous species, the necessity for importing the wood sleepers was averted
and indigenous wood species were being used as sleepers. The schedule
presumed that the treatments would be done in prescribed conditions, i.e.
with seasoned sleepers. However, the authorities started getting the slee-
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pers through contractors and they supplied sleepers in green, half dry or
incompletely dried condition. The preservation treatments were only super-
ficial as penetration was not possible in unseasoned conditton. The life
span of the sleepers was very short and necessitated replacements in 5
to 10 years time. A process has now been developed at the Institute
which makes it possible to treat the green garjan sleepers successfully.
This would ensure the life span of the sleepers to be 20—30 years.
Every year the railways have to replace, as a routine, 2 lac sleepers,
Another one lac Sleepers are annually required for extension of the rail-
ways and to meet the demands of mills and factories. Of these sleepers,
about 2 lac would be Metre Gauge and one lac Broad Gauge sleepers,
requiring a total of -8 million eft. wood, of the value of 4o million taka.
Taking the lower limit of increase of life span of the sleepers to be only
double, this project alone is saving the nation 40 million taka in 10 year
span periods and in the last two decades this would amound to 80 million
taka, more than compensating manyfolds the total expenditure incurred
on the Institute.

During the early sixties a project was under-taken by the then East
Pakistan Government to establish a paper mill in Sylhet to manufacture
specialized and superior grades of paper from sylhet grasses. It was assu-
med that 60,000 tons of grasses will be available annually on perpetual
basis. The consulting firm engaged for the purpose entrusted the work
to the Forest Research Institute. A report was prepared by the Institute
after conducting research work to the effect that only writing and print-
ing grade papers could be made with the raw materials envisaged and
specialized papers like cigarette paper, paper towels, filter paper etc. could
not be made with the grass species in question. Accordingly, the whole
plan had to be remoulded and converted to a pulp mill instead of a
paper mill. The mill has an installed capacity of 30.00J tons of pulp
annually. The mill will earn at least 150,000,000 taka in foreign exchange
by exporting the pulp every year (8).

A hard-board mill was established by a private entrepreneur in Chi-
ttagong with loan from the Industrial Credit and Investment Corporation.
A west German firm was engaged to build the factory on turnkey basis.
Unfortunately, the firm did not conduct any research work with the raw
materials to be used in the mill and when they endeavoured to manufa-
cture boards after the factory was established, they failed, They could
not hand over the mills to the local management as the boards separr
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ated in the midline after the cauls in the hot press were released, when
.they approached the Forest Research Institute, the problem was solved.
This mill was then earning eight million taka annually. But the F1DC,
after taking it over in 1972, failed to run the mill due to various troubles.

The role forest research plays in the national economy can be deduced
in the similar vein for almost all the projects comleted at the Forest
•Research Institute which are of original research character. Much loss and
many hazards could be avoided by a number of public sector organisa-
tions due to correct identification of wood used in building bridges, houses
boats and furniture. Similarly, one can only guess the amount of money
saved by various industries, organisations and individuals by employing the
seasoning schedules worked out by the Institute. Properly seasoned wood
gives dimensional stability to the manufactured articles, stops fungal, insect
and bacterial attack, improves finishing, painting and gluing characteris-
tics and increases a number of strength properties of the wood. This,
calculated on national basis for decades together, when converted to money
value, will, undoubtedly, be colossal. Similarly, by determining the strength
properties of the indigenous species for use in construction, priority can
be fixed for proper utilisation and selection of species for particular uses,
and load bearing capacities can be fixed without any prejudice to size or
volume. This would save valuable national wealth.

A project taken up at the Forest Research Institute culminated in develo-
ping a process of treatment of local wood species to make them suitable
for use as pencil wood. This stopped forth-with the import of incence
ceder wood in the country for the purpose. 3,00,000 gross pencils worth
21 million taka are now being produced in Bangladesh ( 8 ) .

Without taxing your patience, ladies and gentleman, by lengthening
the list of research findings in the field of forest products it can be said
that it has already contributed and has the immense possibility of cont-
ributing in the national developmental work to the tune which simply
defies calculation. The Forest Research Institute is working on a number
of projects, which when completed and utilized would make the country
not only self sufficient in sports goods of wood-origin, shuttles, bobbins,
pulp, paper, boards, rayons tea-chests, chemicals etc. but will also make it
possible for the country to earn valuable foreign exchange in the not-too-far
off future.
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Research works conducted in the fbld of forestry and forest mana-
gement also play a vital role in the national economy. Research conduc-
ted on the pathogenic infestation of forests in the Sunderbans and bam-
boos in North Bengal have borne direct fruit in pin-pointing the cause
and in time will save the affected areas. Work on the viability of
seeds of forest species, research to reduce the seeding cycle of bam-
boos, to introduce the system of propagation by cuttings in forest
species and to find out the cause of fluting in a number of valuable tim-
ber species would play a very vital role in saving our national wealth.
Soil characteristics, salinity and effect of Farakka barrage are but a few
of the important projects taken up by the Forest Research Institute. The
contribution of these and other projects of imformative nature would make
even a financial wizard scratch his head in dismay when asked to con-
vert these in money value. Suffice to say that only a single research
project of national importance can pay even to the tune of 100-fold the
cost incurred in establishing and running a research unit. Adjusting the
cost and return with the price index and taking the bounds of the rate
of return on the expenditure incurred by the Forest Research Institute to
be 65 to 70 percent, it can be said with authority that the rate of return
for the Forest Research Institute would be considerable even if it had
completed only a handful of projects instead of nearly 150 projects. This
calculation, however, does not take into consideration the secondary be-
nefits accrued from such projects and contribution to ecosystem and edu-
cational values. In such a calculation in 1969 by Salehuddin, Erickson
and Barefoot ( 6 ) in the United states it was shown that had the Forest
Research Institute completed in 10 years between 1955 and 1965 only three
projects, namely, projects on tea-chests, poles and safety matches, the
constant return after deducting the constant cost would have been over
three lac taka annually on the assumption of the bounds for the rate of
return on the expenditure to be 70%. In their calculation, it may be
mentioned, they biased their estimate downwards to give a lower limit
for the rate of return. This did not take into cognizance any secondary
benefits and disregarded the human capital attained at the Institute.

However, to fully realise the potential of a research organization in
contributing its mite to the nation building work it should have complete
freedom of finance and mobility and in choosing and conducting its research
projects without let or hindrance from any quarter. Unfortunately, the
pattern with minor varistions, is unfailingly one of apathy or indifference
if not hindrance by the attitude-oriented circles or individuals in most of
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the technology-starved developing nations. If such a state of afairs is allowed
to continue to cast its shadow on the horizon of research, no organization,
worth the name, can play its destined role to the fullest extent.

Ladies and gentlemen, I beg to be excused for keeping you so long
and thank you for giving me a patient hearing. I thank the BAAS for
the honour they have accorded to me and the Organising Committee of the
Rajshahi University for the splendid arrangements they have made for making
the conference a success.
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Ladies and gen tlemen,

For the vast majority of our people, life is at the very margin of its
physical existence. Poverty, which can hardly be described in words is
characterised by the lack of bare necessities namely ; food, shelter, clothing,
health care, education and recreation. It is not easy for any of us sitting here
in this hall-who are so favoured, so fortunate and so surrounded by pre-
vilege and advantage to contemplate the gravity of situation without com-
passion. The truth is that this poverty, which is perpetuating itself, is the
result of long neglect by those chosen few like us who got to this stage
through the sacrifice of millions. The masses have been expecting some
relief through the application of technology and knowledge gained by the
microscopic minority.

We, the biologists, being part of this microscopic intellectual community,
may ask ourselves the following questions :

1. Are we already in possession of some technology or know-how which
we may immediately bring to use to alleviate the misery of our
suffering majority ?

2. If so, to bring the existing know-how to any meaningful utilization,
are we organised enough amongst ourselves to command the required
credibility ?

3. Do we have requisite tools and techniques to master the means of
development, appropriate for our conditions ?
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4. Do we have a blue-print for further research ?

As biologists, we must learn a few lessons from the way mother nature
has evolved over millions of years in an organised manner. The very facts
of biological organization provide a masterpiece lesson. The way the atoms,
the molecules, the cells, the tissues and the living communities are organised
to achieve the survival and perpetuation, is appalling.

The fact that a cell when working in coordination, within and outside,
is a functional cell and when out of coordination becomes malignant, should
teach us a lesson or two. All of us sitting here are familiar with the intricacies
of biological organizations and the complexities which nature has created
within a cell to achieve the functionality would agree that the same would
not have been possible without adequate planning and coordination. Take
the example of the master molecule DNA, 28 mg of which carries all the
genetic information for all the human race existing on this planet. These master
molecules, as any student of biology knows well, carry four important functions;

*-that of replication, function, recombination and mutation. The faithfulness
with which replication takes place must require extraordinary discipline at the
atomic level. The coordinated and complimentary way in which the genes func-
tion calls for the highest order of cooperation and the endless ways In which
new recombinants are shuffled reflects immense patience and tolerance and
finally the mechanisms behind mutation signify the endless search for new
means to face new challenges. I gave this detailed corollary only to make the
point that if we the biologists would look carefully at the material we are
handling, we would conclude that to function effectively a certain amount of
each of the above mentioned characteristics of cells need to be acquired by us.

The challenge that todays Bangladeshi Biologist is facing could be
turned into a golden opportunity which none of his contemporaries in other
parts of the world or those who have worked before him ever got. The
challenge is not confined merely to that of intensifying the food production,
helping in moderating the population growth or producing opportunities for
gainful employment. It goes much beyond that. It is the question of per-
fecting a system for living that is socially respectable, economically feasible, tec-
hnologically manageable and above all ecologically sound. The responsibility lies
in perfecting a mode of living that learns from the local past and makes best
use of the finest available know-how at the same time to interact with the local
renewable and non-renewable resources. It has been recognised that Bangladesh
possesses th3 potential manifold food production and for gsneration of wealth

exploitation of all possible agricultural and non agricultural resources,
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Our country forms part of the globe where numerous species of flora
and fauna have evolved. Agroclimatologically it has the potential to sustain
crops of very diverse origin and undoubtedly the soil and climate is abun-
dantly generous to offer bumper harvests. What is lacking is adequate
capital, appropriate technology to harness the manpower, water and other
inputs and the evolution of cropping patterns that are feasible yet highly
productive.

Our plant breeders and botanists have yet to get together to catalogue,
classify and screen the abundant botanical variability which is at the brink
of getting extinct through neglect and indifference. Our forest resources are
managed in most unscientific manner. There are a vast number of ornamental
and medicinal plants which have not been even scientifically looked into.
Neglecting these activities, our biologists are busy looking westwards to find
areas of research which require sophisticated tools and alien know-how.

The situation regarding the fauna is equally alarming. A number of
our prized possessions are virtually getting wiped out due to increased popula-
tion pressure on land. There are hardly score of tigers left in the sundarbans,
the population of barking deer has been coming down and world renown
species of reptiles are being mercilessly killed every year to satisfy the
Western market. Unfortunately the price at which the products made out
of these reptile skins are sold are rediculousely low. What is worse is the
fact that only a very small fraction of the income obtained goes to craftsman.
Time has come when the zoologists of the country should beg the govern-
ment to have check and control on this wanton waste of our valuable fauna.

The interaction between the zoologists and botanists has to have a
dimension of its own in this country, since our ecological balance is so
precariously vulnerable to small errors that one must perfect a new strategy
that takes up ecology as a major factor in urban and rural planning. Some
one recently coined the term 'popollution' for a subject that covers the dilemma
of the interwined porblems of population explosion and pollusion. The role
that biologists have to play in prescribing the solution to ever increasing
problems of pseudo-urbanization and haphazard rural housing need not be
over emphasized.

Recently, my colleagues at the Institute of Nuclear Agriculture con-
ducted an interesting survey on the use of pesticides in this country. Their
alarming findings were presented during the last Science Conference. It
was concluded that apart from establishing a sound policy for the use of
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insecticides, the government may have to appoint a highly competent team
of environmental biologists to suggest correct means of disposal of the unused
stale chemicals. A high powered committee composed of entomoligists and
policy makers needs to be formed to suggest an appropriate strategy for the
import and disposal of insecticides. To ensure multifold increase in crop
production, more and more pesticides and herbicides will have to be used
but not before a judicious strategy is framed. Needless to mention that the
local rural conditions of education and infrastructure will have to be kept
in mind.

Till very recently fish was an abundant bounty for Bangladesh. It
formed a part of our life style and we took it for granted as long as the
rivers flow, the fish will continue to be abundantly available. Unfortunately,
to-day we are faced with a fact that only a previleged few can have the
required quantity of fish in their daily diet. What has gone wrong ? It
is not merely the increasing human population that can be blamed for
the situation. More than that once again, it is the neglect of science and
disregard for the ecosystem that is responsible for the unhappy situation.
It is unfortunate that contrary to increasing the fish production the same is
showing a downward trend in the inland estuaries. Very little in the form
of research on the indigenous variability in fish germplasm has been con-
ducted. The whole field of marine fisheries ̂ search is nearly neglected. The
speed of research in to upgrade the availability of fish needs heavy emphasis.

In the field of microbiology, particularly plant microbiology, Bangladesh
has yet to make a start. Not only from the point of view of saving the
valuable foreign exchange for fertilizers and enriching and correcting the
depleted soil flora, the whole area of environmental microbiology needs to
be propagated. The subject of microbiology in relation to food preserva-
tion and the keeping quality of perishable fruits, vegetables and meat products
needs emphasis. However, once again, I may warn that in microbiology we
have little to accept from outside except the techniques and know-how which
can be employed to solve the local 'problems locally.

You must have noticed that my brief opening remarks have a serious
rural and agricultural bias. It is so, not only because I work at an agricul-
tural institution, but more so because it is the villages wherein most of
Bangladesh lives. We will be deceiving ourselves by pretending to be solving
national problems by merely sitting in sophisticated laboratories in major
research institutes in Dacca and elsewhere without being in touch with the

^realities, which are away from the sophisticated seajtg of learning.
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Distinguish delegates, members of the Bangladesh Association for the
Advancement of Science, Ladies and Gentlemen,

I feel very greatly honoured to have been elected President of the
Section of Physics, Applied Physics, Mathematics, Statistics and Meteorology.
I thank you all and express my heartfelt gratitude. This gives me the
privilege of addressing you at the very beginning of our sessions of Fourth
Annual Bangladesh Science Conference being held at the University of Raj-
shahi. I have accepted this heavy responsibility with a profound sense of
humility and with full awareness of my short comings and limitations. I
hope that I may prove upto your expectations in the performance of my
duty with your co-operation. A large number of papers will be presented
in this section during the limited session hours for the following few days
and I hope, we shall be greatly benefitted through their deliverations and I
wish them success.

As sectional President, it is perhaps customary to deal with specific
problems of some particular fields. I shall, however, like to make a slight
departure from this convention. I shall, nevertheless, endeavour to project
the condition of Mathematics which is very much neglected in the under
developed countries of the world with the special reference to our country
and its relevance to scientific activities. Then 1 shall deal with the specific
problem of Number Theory.

7 -
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Role of the Association for the Advancement of Science
Before I proceed with the topics, I would like to say a few words

about the Association and also about the scientists. The influence of Asso*
ciation with experts can scarcely be exaggerated. Scientists usually welcome
contact with the promising scientists. They may obtain valuable guidance
and technical suggestions about their own work and may have a chance
to participate in a joint project. By listening attentively in conferences or
in seminars and in less formal technical conversations they become aware
of standard of the quality of various evaluations of scientific interest, of the
intellectual, political and administrative structure of the profession and of
the sources of valuable opinion on appropriate questions—percentage of GNP
to be invested in the scientific field, status of scientists, pay structure, etc.
So it is our duty to make this forum as strong as possible to face all the
problems which shall come on our way in discharging our duties as scientists.

Condition of the Scientists of Bangladesh

Most of the Scientists I know choose their profession because they were
fascinated by the unknown, always hoping that they could be part of the
conquering body.

To be sure, we often take joy in the discoveries of others, but usually
only in proportion to the extent that we were not too close to the same
object. Mountain climbers are seldom known by the second ascent even when
the ways to the top are very different routes. Likewise credit in science almost
always goes only to the person who first discovered.

We all know too well that the types of jobs we eventually get are very
much dependent upon how much we produce. If productivity and originality
are lacking, the prospects of doing high powered science or of promotion
for higher posts are poor. Correspondingly if one hits the jackpot, he is
assured of high position together with money.

Since science deals with the unknown, the steps to the top are never
clearly laid out and more than one approach may be necessary before the
right one becomes apparent. Any one person or laboratory usually does
not have the resources to move ahead on all fronts. Equipment has not
been bought, assistants are not hired for quite specific task and given time
may not be enough. Unfortunately, at this stage, a scientist will suffer for
no fault of his own. I can see no chance to change this situation for
the scientists.
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Not only the self respect but also the way of life of a scientists depends
upon his relative ranking among his friends of other jobs. If the scientists
get proper mjasy, pjsitioa and encouragement, then they will be tempted
to work day and night for real discoveries. Unfortunately, it is different
in our country. So we cannot give the country what we should.

Mathematics in Bangladesh and its Relevance to Scientific Research

The vastness of science, its unceasing development and its marvellous
power of assimilating to itself, the accessions which each year brings to our
knowledge derive strength and vitality from the roots—Mathematics which
are neglected in the academic field as well as in the field of research in
our country.

Here I shall not attempt to define Mathematics, nor shalj I try to define
Physics or engineering or any branches of Science. I shall not quarrel over
whether one is the other or not, or as to what are the boundaries be-
tween them. Actually in science and in the world at large, there are no
such hard and fast compartmentations. When I speak of Mathematics, I
include all of these fields commonly known as pure Mathematics. Applied
Mathematics, Mathematical Physics, Physical Mathematics, Engineering Mathe-
matics, Mathematical Engineering, Mathematical Economics, Bio-Mathematics,
Mathematical statistics and the like. The success of almost any broad
programme in Physical science depends upon superior insight and perception
and a high level of background knowledge, experience and technical excellence
on the part of the investigators.

In actual applications to Physical Science, Mathematics is an invaluable
instrument for understanding, acquiring and expressing knowledge. It
serves as a powerful tool which aids in the disclosure of the implications of
given theories in pure and Applied fields. The results so revealed may be
new to man and as such may be classed as discoveries, though in reality
the mathematics in itself adds nothing new to the actual content and impli-
cations embedded in the given theories. However, without the mathematics
the result might not be revealed. A great deal of Mathematical skill is
needed in order to reach the desired conclusions. Unfortunetely in our
country the foundation of mathematics is so weak that we cannot achieve
our desired goal having highly specialised knowledge in some particular field.

When mathematics is used in applied science, it should be used with
one's eyes open, with conscious and adequate attention to the anchorage
}n the applied field. Mathematically inclined workers in applied field, parti-
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cularly those who lean towards the formalisms and manipulations of mathe-
matics will do well to watch the anchorage of their theories and manipulations
in the underlying field to which they apply their mathematics, lest in their
zeal and enthusiasm they forget the tides and winds and find their ship
with anchor dragging or lost upon the rocks of futility. If the mathematical
back ground of a student is not excellent and if his talents are not pretty
well developed, he might find the competition pretty severe in dealing with
their scientific problems. So the mathematics is most important and indis-
pensable branch of Science.

To raise the academic standard of mathematics more rigorous courses
in mathematics shall have to be introduced from secondary level to degree
level in our country, so that a graduate student with mathematics may
expect to gain, in a well-considered programme, broad familiarity with
fundamental ideas in mathematics and in related areas. Then and then only
he will be able to reach an acceptable level of competence. Mathematics
has progressed immensely during the Twentieth Century. To include these
progress in our academic field, it needs readjustment of our courses.

Its different branches should be regarded as a tool available for use
in appropriate branches of science and social science. It plays an important
role in solving the problems of science.

The last few years have seen marked changes in the courses given
in mathematics at the American Universities and colleges, This change is
most notable at the upper undergraduate and beginning graduate levels.
Topics that few years ago were considered proper subject matter for advance
graduate courses have filtered down to and are being taught in the very
first course. Convinced that this filtration will continue and will become
intensified in the next few years. Similar filtered down processes have been
continuing in other doveloped countries of Europe. Where as in our country
old courses are followed year after years without any change and the ques-
tion of filtered down does not arise at all.

In the conclusion of this part, I would like to mention that if proper
training and academic courses are introduced,we shall get more talented and
qualified scientific manpower in the country. The Scientists should be given
high salary, status, position and facilities so that they can serve the country free
from all anxieties and complexes. I can say strongly that this is the
community of the society who can solve many of the pressing problems
facing the country.
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Since I have taxed your patience and taken enough of your time, I shall
not go through the detail proof of the specific problem "On the Diophantine
equation y2=x3—k.

On the Diophantine Equation y2=x3—k
1. The problem of solving the equation y2=x3-k in rational integers

x, y has attracted great interest among the mathematicians for more than
three centuries. However, no general method is known for determining all
solutions of the given equation uptil now. But some mathematicians have
determined integral solutions of the equation for some particular values of k.

It was shown by Euler [1] that there are exactly six rational points
on the curve y2=x3-fl, namely, besides the point of inflection at infinity,
the following five points. (2,3), (0,1), (—1,0), (0,-1). (2,—3),

Fermat [1] showed that the equation y2=x3-2 has no other solutions
other than x=3, y = ± 5 .

J. V. Uspensky & M. A. Heaslet [3] determined that the only solutions
of y2=x3—4 are (2,^2), (5,± 11) and that y2=x3—2 are (3,±5), They also
proved that y2=x3— 5 and y2=x3—6 has on solution and y 2 =x 3 - l has the
only solution for x= l , y—0.

A. Brauer [3] showed that the only solutions of y2=x3+2 are (—1,±1).

T. Nagell 11 [1] proved that the complete solution of the equation
y'=x*+17 is given by (-2,3), (-1,4), (2,5), (4,9), (8,23), (43,282), (52,375)
and (5234, 378661).

E. S. Selmer (4) has determined the rational solutions of the
diophantine equation y2=x3—k for [k]<100. D. J. Lewis [5] established
that y2=x3+7 has no integral solution, W. Ljunggren [2] showed that the
Diophantine equation y2=x3—7 has exactly two positive rational solutions x=2,
y = l andx=32, y=181. He also proved that the equation y2=x3—15 has
exactly one solution in positive rational integers x, y, namely x=4, y=7.

IncaseO<k there are20 unsolved equations with k ^ 100, namely k = 18,
23, 25, 26, 29, 39, 45, 47, 53, 55, 60, 61, 63, 71, 72, 79, 87, 89, 95, 100.

In this paper, we shall show that for these values of k there are infiite
number of rational solutions of the equation y2=x3—k we shall also show that
for k=l8 , 23, 25, 26, 45, 55, 60, 61, 71, 72 79, 87, 89, 95 it has only one integral
solution and for k=28, 39, 47, 53, 63 and 100, it has only two solutions.
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«,• Diophantine equation is considered as solved if a method could
be established to decide whether the problem is possible or not and in
case of its possibility to exhibit all integers satisfying the requirements set
in the equation.

First we shall prepare the following table of the smallest positive
integral values of x and y satisfying the equation y2= ;x

3-k for different
values of k for which the equation is unsolved :—

k 18

x 3

y 3

23
3

2

25

5

10

26

3

1

28

42
6

39

4
5

45

21

96

47

6

13

53

9

26

55

56

419

60

136

1586

61

5
8

71

48

77.
6

12

79

20
89

87

16

89

75

6

95

6
11

100
5
5

Now we shall apply the following method to determine the solution
of the equation y2=x3 k.

Let x=p and y=q be the smallest positive integral solutions of the
equation. So k=p3—q2.

Then we have y2—q2=x3-p3 or (y—q) (y+q)=(x—p) (x2+px+p2).

Now we suppose that either (i) (y-q)=m (x—p) or (ii) (y+q)=m(x—p).

From the case (i), y=m (x-p)-f-q and m(y-t-q)=x2+px+p2.
.-. x2-f (p-m2)x+pm2—2qm+p2=0.

Suppose a, b be the roots of this equation.

.•. a+b=m2—p and ab = pm3—2qm-fp2.
3D2

Now (a—b)2=m4—6pm2+8qm—3p2—this will be a square if m=~~.

. 9p4—4pqa , . 9p4-l2pq2

.-. a+b—-*-• . ^i. and a—b= „ , .4q2 4qi

Hence a = v , , - and b=p which is the value already considered
4qa

for x.
For the value of a, we get

9p*-8pq2

These values are rational numbers and also the solutions of the equation
*=x3—k.



Considering these values of x and y as new p and q. we can derive
another set of values of x and y for which the equation ya=x3—k will be
soluble. Continuing this process, we can get infinite set of numbers for
x and y as rational solutions of tha equation. If these sets are repeated,
then one set of values of x and y will be at some stage same as any one
of the set derived earlier. The values of q in the denominator are different
for different values of p. But the rational numbers with different denominator
canjot bs equal to each other. So these sets of solutions are not repeated
rational number at any stage of the process.

Hence there are infinite rational solutions of the equation y2=x3—k.
For the case (ii), we get the same values of x and y as derived in the

case (i).

The value ofxin (1) could be integer for q = l , p even and for 3pa

*a multiple of 2q. These are the only passible cases for integral solutions
of the given equation.

To find the integral solutions of the equation y2=x3—k, this condition
is not sufficient. We shall apply the process shown in the next section to
determine the other integral solutions (if any) left out by the above method.

Now we shall show the rational solutions derived from the smallest
positive integral solutions of the equation for each values of k. But in
the case of k=28 and 63, we get integral solutions from the smallest
positive integral solutions applying in (I). So for k=28, we write the rational
solutions from the next integral solutions.

k

X

V

k

X

V

18 23

57 633
4"" 16

429 15923
8 64

60
21385456
628849
98820317374
498677257

25 26

65 705
16 4

28

368
121

415 18719 452
64 8

61

3065
256

166643
4096

39

376
25

45 47 53 55

202041 888 10377 2464784
36864 169 2704 175561

7249 77415021 21757 263771 3830972207
1331 125 7077888 -2197 140608 73560059

71

2160
441
63153
926F

72

33
4
177
8

79 87 89 95 100

43160 7273 4185 1464 185
7921 1024 144 121 4
6413759 539723 270243 54493 25515
704969 32768 1728 1331 8

_ • i —

3. For determining the existence of any integral values of x and y
oher than the values already showed as smallest positive integral values.
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We apply the following method, since the condition of previous section is
not sufficient.

•IKJ.I. If there exists the integral solutions of the equation y2=x3—k for
given integral values of k, then we can write y=x+t where t is a positive
or negative integer. Now the equation becomes x3—x2—2tx—k—12=0.

wuJty substituting w+J for x. it reduces to

Again by substituting w=u+v, we get

t +

and 3uv=(J+2t)-

Applying the method of Cardons solution,, the values of u3 and v*
could be determined for infinite values of t in the quadratic field. Of all
these values of t only for a very few finite number, we get u+v as rational
numbers with x as integer for the given value of k.

To determine the values of t, we apply W. Ljunggren Lemmas used in
his paper [2] for each values of k seperately. The condition laid down in
his Lemmas are sufficient to determine the values of t for integral solutions.

Then we get the different values of t for each value of k. Now we shall
show below the values of t already determined. These are the only values
of t for particular k.

k
t

k
t

18

0

60

1450

23
—1

61

3

25
5

63
-i

26
2
_

12969

71

13

28
2,14

72

6

39
1,81

79
69

45
75

87
9

47
7,29

89

1

53 55
17,127 363

95 100

5 0,20

From all these derived values of t, we get the smallest positive
integral solutions already shown in this paper. But in the case of two values
of t for some k, we get other integral solutions for the greater values of t
of particular k. So the other integral solutions are given below :

k

X

y

28

8

22

39

22

103

47
12
41

53

29

156

63

568

13537

100

10

30
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Hence for k=18, 23, 25, 26, 45, 55, 60, 61, 71, 72, 79, 87, 89, 95, thef6
are only one integral solution and also for k=2S, 39,47, 53, 63, 100, there are
only two integral solutions.

The derived values of y shall have positive and negative sign, since y
is a square in the equation. So the negative sign of the valuse of y are omitted.

4. References
1. T. Nagell, Introduction to Number Theory, John Wiley and sons, 1951,

227-274.

2. W. Ljuggren, On the Diophantine equation y3—k=x3, Acta Arithmetica
(VIII), 1963, 451-463.

3. J. V. Uspensky & M. A. Heaslet, Elementary Number Theory. McGraw-
Hill, 1939, 388-428.

4. E. S. Selmer, The rational solutions of the diophantine equation n2=
z 3 -Dfor | D | <100, Math, Scan, 4,1956. 281-286.

2. L. J. Mordell, The Diophatine equation y2=ax3+bxa+cx+d, or fifty
years after, Journal London Math. Soc. 38, 1963 454-458.



COMPLEX EQUILIBRIA OF SOME TRANSITION METAL IONS
WITH N-CONTAINING LIGANDS IN SOLUTION

SECTION—IV

CHEMISTRY & APPLIED CHEMISTRY

PRESIDENT
PROFESSOR A. K. SHAMSUDDIN AHMED

M. 5c , Ph. D.
Department of Chemistry

&
Dean, Faculty of Science

University of Chittagong, Chittagong.

Fellow scientists, ladies and gentlemen,

It is a very great honour indeed for me to be able to speak to you
as the President of the Section of Chemistry and Applied Chemistry on
the occasion of the Fourth Annual Bangladesh Science Conference being held
under the auspices of the Bangladesh Association for the Advancement of
Science. I wish to thank the members of the BAAS for providing me with
this privilege. I hope that with the active cooperation of all of you, this
year's Chemistry session will be very successful.

Ladies and gentlemen,

In this session I shall make an attempt to present a short review on
Complex Equilibria involving some transition metal ions and ligands con-
taining nitrogen as the donor atom. My choice of this topic is of course
governed by the accumulated experience my co-workers and I have had in
this area of research and is encouraged by the idea that this will help
coordination chemists and biochemists working in this area to assess the
present status of equilibrium studies on complex formation in aqueous solution.

Ladies and gentlemen,

The science of coordination chemistry is now in a state of rapid advance
similar to that experienced by Organic Chemistry nearly 100 years ago. The
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manifold research work done in the field of coordination chemistry has
played a decisive role in the recent extraordinarily fast development of Inor-
ganic Chemistry. This is shown by the fact that many of the ideas and
theories of 30 years ago have already been either discarded or modified thus
making the field of coordination chemistry an extremely important and
attractive field of research for the beginning as well as established scientists.
Complexes have provided suitable compounds for testing and expanding the
theories in the areas of bonding, electrolytic behaviour of ions, magnetic
behaviour, solution thermodynamics, theories of kinetic behaviour, etc.
In analytical chemistry increasing use is being made of organic precipitating
and complexing agents. 8-hydroxyquinoline (oxime) selectively precipitates
many metal ions through its coordinating ability. Dimethylglyoxime is extre-
mely senitive as well as selective chelating agent for Ni (II). The use of
the EDTA has simplified many metal ion determinations because of the
thermodynamic stability of its metal complexes. In recent years biochemists
have become intensely interested in the effect of metal ions in the form
of complexes in biological processes. Hemin, the red colouring matter of
blood used as an oxygen carrier in human respiration and chlorophyll-a
used for the incorporation of the hydrogen of water into plant systems, contain
coordinated Fe(II) and Mg(II) respectively, while Vitamin B12 contains
cobalt ion at its centre. Many enzymes are active only if trace amounts of
metal ions are present and in many cases the active site of the enzyme is at
a coordination position of the metal. The inert, highly stable metal chelates
have considerable activity in the presence of tissue, body fluid and infective '->'•
exudates against a wide range of micro-organisms including some which show
resistance to various antibiotics.

As is well known, the foundation of coordination chemistry is con-
nected with the name and work of Alfred Werner. He dealt mostly with
so called kinetically substitution inert complexes, which made possible the
preparation of well defined isomeric complexes. The anticipation of the
octahedral configuration of hexacoordinated complexes led to the discovery
of the optical isomerism of certain compounds, which provided an unques-
tionable proof of the correctness of his coordination theory. As kinetically
stable complexes were studied, equilibrium problems either did not arise or
caused only minor difficulty. The flourishing of coordination chemistry in
particular began about 30 years ago. The explosion like development in
this field was initiated by Jannik Bjerrum's dissertation (1), published in 1941
in which he elaborated a general method for the determination and calcula-
tion of stability constants of metal ammine complexes in solution. The prin*rn
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ciple of electrolytic dissociation and the knowledge of the law of mass action
are evidently prerequisites of the treatment of complex equilibria in solution.
Two concepts which apply universally to coordination equilibria are stepwise
formation and chelate stability. The overall formation or stability constant (p)
is the product of the stepwise formation constants of the equilibria between
metal ions M and ligands L as shown below :

The stepwise formation of complexes was first proved by Neils Bjerrum
who studied the chemistry of Cr (Ill)-complexes very carefully and thoro-
ughly and published in 1915 a long paper (2) on the kinetic equilibrium
study of Cr (III) thiocynate complexes. Between the world wars only a few
articles were published on the quantitative study of complex equilibria. The
most important among these are J. Bjerrum's (3) papers on the stability
of Cu (II)—ammine complexes and Moller's (4) dissertation on the Fe (III)-
thiocynate complexes, which, however, created only very little stir at that
time. The discovery of glass electrode made the measurement ofpH very
easy and this gave J. Bjerrum the idea of potentiometric investigation of
complex equilibria. After the articles of Bjerrum (and some other very
few workers like Leden) had appeared there began a development unmatched
in the history of inorganic chemistry.^ This can be judged by; comparing the
very limited number of quantitative equilibrium data known before 1941
with the immense number of data tabulated in two volumes of "Stability
Constants" published in 1957-58 (5) and by considering that the second
edition (6) of this wonderful collection of equilibrium data, published in

1964 and the third edition (7) of the same published in 1971, contain more
than five times as many data as in the first (5).

Among the numerous technique and methods that are presently used
for the studies of the formations and properties of complexes and for deter-
mining their formation constants, the pH-titration method, polarograpby,
immiscible solvent distribution coefficients, electrochemical migrations, refrac-
tive index, kinetic rate expressions, the reaction rate method, isotopic metal
or ligands exchange, temperature and volume changes, magnetic moment
changes, heats of mixing, UV-visible, IR and NMR and other spectral
methods, etc. are useful in specialized situations,
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Most recently, a new mathematical ruodel concerned with the formation
of a stepwise series of mononuclear complexes have been formulated by M.
H. Mihailov (23). The formation of each complex species has its own
mode and rate of reaction and the equilibrium constant. Studies of the
mechanism, the speed at which the equilibrium is reached and demons-
tration of intermediates are completely dependent on a knowledge of the
structures and coordinating tendencies of the ligands and the metal ions.
Although most ligands have an unshared pair of electrons for bonding, some
very interesting and important classes of compounds contain ligands which
do not appear to donate lone pairs of electrons. Such ligands (e.g. cyclo
pentadiene) bond through use of r:(pe)-type orbitals and the resultant bond
has somewhat different properties. The majority of coordination compounds
contain nitrogen, oxygen, sulphur or a halogen as the bonding atom. Some
metals which prefer oxygen over nitrogen are Mg (II), Ca (II), Si (IV), (II),
Sn U (V), U (VI), Fe (III) and Be (II). Some, which prefer nitrogen
donors over those of oxygen are Cu (I), Cu (II), Ag (I), Cd (II), Hg (II),
V (II), Co (III), and Ni (II), Cr (III), Fe (II), Pt (IV), Zn (II) and Re (V) seem
to coordinate equally well with either oxygen or nitrogen. Except for Cu (I),
Ag (I), Au (I) and Hg (II), oxygen donors are clearly superior to those
of sulphur. These facts may be rationalized on the basis that high ionic
potential of the metal ions and high polarizability of the ligands would
give the most stable complexes. However, as these two quantities
increase, a point is reached where the resultant negative charge on the metal
ion opposes electron transfer, thus causing a lower stability. For many tra-
nsition metals of low oxidation state the maximum is at nitrogen while for
higher oxidation states and size, oxygen complexes have maximum stability.
With certain large ions of low charge (e. g. Cu (I), Ag (I), Hg (I)) the
maximum occurs with sulphur containing ligands. d8 or d10 ions have little
tendency to become positively charged and thus are able to accept electrons
from ligands. Such ions as Hg (II), Au (I), Ag (I), Pd (II) and Pt (II) form
more stable complexes with ligands of high polarizability and the order is P >
S > N > 0 . Also with these ions, the order of stability is I > B r > C l > F ,
which is just the opposite of that observed for almost all other metal ions.
Irving and Williams (8) noted that the stability sequence for the Mn (II)
bis complexes is salicylaldehyde (O+O donors) >glycine (O+N)>ethylene-
diamine (N+N), and that the sequence is reversed for later members of
the transitional series. Van Uitert and Fernelius (9) have discussed this
type of phenomeanon in terms of effective hybrid bond, electronegativities of
the ligand and metal ion. In general, donor atoms which gave large ligand
field splittings from their strongest complexes with metal ions which ar?
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particularly sensitive to ligand field stabilization, whereas donor atoms which
produce small ligand fields tend to form relatively more stable complexes
with cations which are insensitive to ligand field stabilization. Moreover,
the difference in stability between complexes which produce small and
large ligand fields will be much greater for metal ions which are parti-
cularly sensitive to ligand field stabilization than those which are not.

Several relationships governing the stability of complex ions are well
established. In the first transition series, stability constant studies show a
nonvarying pattern for Kx and K2 with most ligands and dispositive metal
ions (Table— I). Beyond Mn the constants increase with increasing atomic
number, reaching a maximum with Cu; a large decrease is observed with Zn.
Similar results are observed for the heats of hydration of the metal ions,
and thus the formation constant differences are probably directly related
to the heats of formation of the complexes. On the basis of size and
electronegativity, it would be expected that a nearly linear increase in
heats of hydration or stability constants would occur with increasing atomic
number. The maximum at Cu2+ has been explained on the basis of the
ligand field stabilization energy.

Table I. log K± and log K2 values of the M (Il)-ethylenediamine systems
(M=first transition series elements) (6,7).

Temperature=25°c ; (»=1.4M

M(II)

Cr
Mn
Fe
Co
Ni
Cu
Zn

logK^

5.15
2.77
4.34
5.93
7.51

10.72
5.92

logK2

4.04
2.10
3.31
4.73 (IM KC1)
6.35
9.31 (IM KNO3)
5.15

It is almost universally found that alkyl substitution for a hydrogen
decreases the stability of the complex. Thus we can expect the following order
of stability : NH3>CH3NH2>(CHi)2NH>(CH3)3N and H2O>CH3OH>
(CH3)2O. However for sulphur the opposite trend is observed, the order
of stability being R2S>RSH>H2S. Conjugate bases of strong acids form
weak complexes with metal ions and vice versa. Thus for many metal ions,
the observed stability sequence is the same as the base strength order F">



N03*>Cl->Br->C10-4. Moreover, a comparison of the stability constants of
primary amines with Ag+ gives the values in Table-II. It is interesting to
note that primary, secondary and tertiary amines may not be directly com-
pared in the relationship between complex stability and basicity, but
separate linear relationships between base strengths and coordinating ability
are obtained for each of amine. The lower stability of the complexes of
secondary and tertiary amines is attributed to steric hindrance between the
ligands. Similar relationships have been observed with ethylenediamines,
aminoacids, etc. Thus it may be said that, other things being equal the
more basic the amine, the more stable the complex. Moreover, the positive
entropy changes which accompany the association of protons with amines
decrease in the order (CH3)3N>(CH3)2NH>CH3NH2>NH3 and a similar
gradation is to be expected for the entropy changes accompanying the
formation of silver (I) amine complexes (10). Also the comparisons of the
log p2 values of some metal ions with ethylenediamine and some substi-

t u t e d ethylenediamines.

Table II. Stability constants of some primary amines with Ag (I) (6,7)
Temperature=25°C ; f*=0.5MKNO3

Amine log Kt

C2HSNH2

C3H,NH2

QH9NH2

3.34
3.65
3.84
3.74

10.72
10.81
10.92
10.72

(Table III) shows that N-substituted ligands due to their large molecular
volumes and their interferences between the coordinated ligand molecules
and between the ligands and the solvated water molecules, cause lowering
of stability constants.

Table III. log pa values of some M (Il)-diamine complexes (6, 7, 11, 12)

Temperature=25°C ; f*=IM KNO3•>3

*' Diamine
Ethylenediamine
N,N'—dimethyl
N,N'—diethyl

(en)
en
en

Zn (II)
11.07
10.38
8.55

log (}2 values.
Cd (II)
10.22
9.51
5.75

Hg (II)
23.42
20.80

Cu
21
19
18

(II)
.29
.53
.69

Ni (II)
14.08
11.84
8.92
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Major negative deviations from rough linear correlations of logK[MLj
against logK[HL], which increase with of the size the substituent, have been
ascribed to sterice hindrance. The steric effect in decreasing the stability
of a complex has already been observed with many substituted amines.

Table IV. Stepwise formation constants for some M(H)-substituted
ethylenediamines(6, 7, II. 12)

Temperature=25°C; |u=0.5MKNO3

Ligand I C u <"> N i <"> Z n ( I I )

s | loglC, log K2 log K3 | log Kj, log K.2 log K3 | log Kt log K2 log K3

Ethylene-
diamine(en) 10.76 9.37 - 7.60 6.48 5.03 6.00 5.08 —
N—methyl

en 10.55 8.56 — 7.36 5.74 2.01 5.39 4.36
N.N-—di-
methyl en 10.47 7.63 — 7.11 4.73 1.50 — — —
N.N'-di-
ethylen 9.30 6.32 — 5.62 3.30 very small
N—isopro-
pyl en 9.07 7.43 — 5.17 3.47
-- ^ ^ _ _ —

Table—IV lists the observations made on ethylenediamine complexes of
some metal ions. The base strength of the amines remains nearly constant, but
the stability constants decrease with increasing substitution of methyl groups.
The steric factor is especially apparent in logK2 and logK3 because of
methyl-methyl group repulsions between coordinated substituted ethylene-
diamines. Even when the basicities of the derivatives exceed that of
ethylenediamine, the stability constants of the complexes decrease in com-
parison with the complexes of the parent ligand. The effect of steric
hindrance overcomp nsates the effect of increased basicity.

In case of high C-substitution, the stability constants should have
been lowered. But the stability constant (log p2) of Ni (tetrameen)2

2+ is
found to be greater than that of [ Ni(en)2(H2O)2]

2+. The log pa, AH
and AS values of the [ Ni(tetrameen)2]

2+ (tetrameen=2,3-dimethyl —2,
3-diaminobutane) system are respectively (6,7), 14.68 i,25cC), —14.1 Kcal/
mole (25°C) and+20e.u. (0°C) (all at |*=0-5M KNO3) and those for the
Ni(en)a (H2O)a

2+ system are respectively (6,7), 1384, -15.0 Kcal/mole and

9—
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+5e.u. (all at 20"C and at jut=0.5M). Because of the greater crystal
field stabilization for the changeover of the d2sp3 hybridization of the Ni2+

to its dsp2 hyridization, the bond strength in Ni(tetrameen)2
2+ should have

been reflected in its increased A H value than that for the Ni(en)2 (H2O)2
S+

The slight decrease in AH value for the former system than the latter,
is due to the steric effect which overcompensates the crystal field effect.
However, the greater stability constant for the former system is mainly
due to very favourable entropy effect caused by complete deaquation due
to hydrophobic effect of the ligand as shown below :

Ni(H,O),«++2 en ^ [Ni(en),(H1O)J«++4H,O
Ni(H2O)6

2*+2 tetrameen ^s [Ni(tetrameen)2]
2++6H2O

The steric factors cause requirement of very high concentrations of
the bulky ligands for their complexati. n. The requirement of higher
concentration of the 3,4-dimethyl—3,4- diaminobexane for the formation
of.its tris-Co (II)-complex (17) is due to the steric factor of the large
bulky ligand, which again explains the very difficult formation and low
stability of the tris-complex. The same fact is explainable from the negative
AS value for this tris-chelated species.

The kinetic and thermodynamic data have confirmed the preparative
chemists impression that chelated complexes are usually more stable than
their non-chelated analogues. The equilibrium data obtained in the last
few decades have made it possible to characterize the difference of the
stabilities of complexes of unidentate and multidentate ligands quantitatively.
A quantitative measure of the increased thermodynamic stability due to the
formation of the chelate rings can be obtained by comparing the stability
constants of the complexes of the unidentate and corresponding raultidentate
ligands occupying the same number of coordination sites. There are two
basic possibilities for increasing the stabilities of chelates. Either the
formation enthalpy or the formation entropy favours the stability of the
chelate. The contribution of the formation entropy to the chelate effect
is plausible and Schwarzenbach (13) offered a simple model to explain
it. He tacitly assumed that the entropy contribution to the chelate effect
was that associated with ring closure. The probability of the association of
a second unidentate ligand with a 1 : 1 complex was compared with
the probability of ring closure by a bidentate ligand attached to a metal
ion by one end only. This model suggests an entropy change of about
7 e.u. for the replacement of two ammonia ligands by one ethylenedia-
jnine. Thus it is more probable that in the second step a ring is formed
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than that a second ligand molecule is coordinated. The formation enthalpy
effect is related to the ligand field stabilization, which appears to be about
1 Kcal/mole more in (Nien)2+ thaa in the ammine. Experiments show that
the enthalpy changes are probably negligible for Zn, Cd and Hg complexes
in which there is no ligand field stabilization, but more important for

Ni, Cu, etc. complexes having ligand field stabilizations.

The stability of chelates decreases monotonically as the ring size
increases. However, three and four membered rings are not stable because
of the strain. The stability shows a maximum with five or six membered
rings. The ligands which give rise to the weaker six membered ring
complexes have the greater proton-affinity. The stability of complexes with
large rings approaches that of analogous bis-complexes with unidentate
ligands, i.e. the chelate eflect approaches zero. However, the stability of
the aliphatic diamine complexes of Ag(I) increases with increasing ring
size and is explained by the hypothesis that ring strain due to bridging
the sp orbital of the metal ion decreases (14).

Subject to considerations of mutual compatibility of the geometry of
metal ion and ligand, the stability of complexes of related multidentate
ligands increases with the number of chelate rings formed. The phenome-
non is so general as to provide a useful criterion of whether or not a
chelate ring is formed. Thus the stability of bivalent metal ion complexes
of a series of closely related polyamines increases with the number of
donor nitrogen atoms. Table—V, listing the values of log Kj for some
M(II)-complexes of en, dien, trien and penten, shows the increasing extra
stability of chelates with number of chelate rings. Also it is seen from
the thermodynamic constants for the replacement equilibrium reaction,
M(NH,)4

2+ +en^a[M(NH3)2 en]2++2NH3, given in Table—VI that with
Ni(II) and Cu(II) both the enthalpy and entropy contribute to stability while
with Zn(II), it is entirely an entropy effect.

Table—V. log Kt values for polyamine complexes of some bivalent
metal ions (6, 7)

Temperature=20°C; M =0.1M

Ligand
en
dien
trien
penten

No. of rings—
1
2
3
5

Co
6.0
8.1

10.8
15.8

Ni
7.9

10.7
14.0
19.3

Cu
10.8
16.0
20.4
22.4

Zn
6.0
8.9

12.1
16.2

Cd
5.7
8.4

10.8
16.8
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The stability of Cu(II)-complexes of sexadentate penten (Table—V),
and hence also the corresponding chelate effect, is low in comparison with
other systems, owing to the absence of Jahn-Teller stabilization. The increa-
singly positive entropy changes explain increasing extra stability of complexes
with increasing number of rings. Because of the tendency of Hg(II) to
form only two very strong linear bonds and because of its only a small
tendency to form its third and fourth coordination bonds, the chelate
formation contributes only slightly to bonding in Hg(II)-complexes (21).
The high stability of the Hg(II) amine complexes are reflected from their
large negative AH values indicating the unusually strong Hg(II)-nitrogen bonds.

Table—VI.

M( U )

Ni
Cu
Zn

Some thermodynamic values (15) for the reaction
[M(NHs)1]2++en^[M(NH3)2 en]*++2NH3

—AG°
Kcal/mole

3.41
4.21
1.55

- A H 0

Kcal/mole

2-01
3.0

- 0 . 1

+ AS°
e.u.
4.8
4.1
5.3

Examples of the effects of the stereochemistry of both metal ion and
ligand upon stability constants are provided by the complexes of polyamines.
The ligand (tren), N(CH2CH2NH2)3, is unable to coordinate to four planar
positions but may do so to four tetrahedral positions. Trien, H2N(CHa)s

NH(CH2)2NH(CH2)2NH2, however, is suited to a planar arrangement. A
comparison of the stability of complexes formed with Cu(II) and Zn(ll),
the stereochemistry of which are known to be planar and tetrahedral
respectively, shows this effect. This is best illustrated in terms of the ligand
replacement reaction.

Kd
M(trien)2^+tren ^ i M(tren)2++trien,
with different metal ions. Table—VII includes some Kd values of this

equilibrium reaction with some metal ions. The four nitrogen donor atoms of
tren must be arranged tetrahedrally around a metal ion if they are all to coor-
dinate, whereas, trien is again more suited for planar coordination. Hence Kd
for the displacement of trien by tren is negative for Cu(II). This suggests that
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Table VII. log Kd values for the ligand displacement reaction (16)
Kd

M(trien)a++tren ^a M(tren/++trien

Temperature=20°C; H=0.1M

M logKd M logKd

Co 1.8 Zn 255
Ni 0.8 Cd 1.55
Cu -1 .6 Hg 0-54

V
Cu (II) prefers trien to tren. The decreasing positive values of Kd for the Zn(II),
Cd(II) and Hg(II) ions may indicate that zinc has the optimum size for coor-
dination with tren, or that Cd(II) and Hg II) complexes are not tetrahe-
dral. Also, as an example, log K3 of Cu(II) with en (Table-IV) is
extremely small compared to that for Ni(II) or Zn(ll). This is due to
the reluctance of Cu(II) to expand its coordination number to = six. The
higher stability constants (18—20) of some M(II)-dl-2,3-dianiinobutane
complexes than those of M(II)-meso-2,3-diaminobutane complexes are
explainable from the point of stereochemical effect of the ligands (dl—bn
and meso-bn) on metal chelate stabilities. -.'"•'••• v V-.?• ? -xn

Ligands which are able to accept negative charge or have resonance
structures often form exceptionally stable complexes. In this way pyridine
although a very weak base, forms much stronger complexes with many
transitional metal ions than the strongly basic piperidine.

Metal chelates with least basic i.e. weakest donors dimerize to trie
greatest extent (22). For example, a chelate compound in which Cu(II)
ion forms weaker bonds with a ligand, the metal would have greater
affinity for an additional donor group such as hydroxyl ion. The formation
of a mono-hydroxo-chelate may be considered to be the first step in dimer
formation which proceeds according to the reaction (Fig. 1). For the less
stable chelates (e.g. dipyridyl, o-phenanthroline) there is greater affinity of
the monohydroxo chelate for an additional donor atom than is true qf
the analogous chelates of the aliphatic diamines (e.g. dimethylethylene-
diamine, tetramethylethylenediamine); hence dtmerization takes place more

casiy in the case of the aromatic compounds, . ;_4
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Ladies and gentlemen, ; .!„
As I stated in the beginning of this address, 1 have made an attempt

at a short survey of equilibrium studies on metal complex formation in
aqueous solution. No doubt that all my fellow chemists will find the topic
as interesting as I do, but I hope that all of them will appreciate the
extent to which equilibrium studies have contributed to the understanding
of the various factors that influence metal complex formation in aqueous
solution. To develop new chelating agents for both therapeutic and ana-
lytical usages and to understand the roles of metal ions in biological
systems much work is needed for the determination of thermodynamic
stability constants of metal ligand systems. I am apprehensive that in this
discussion I might have omitted many important research works which
should have been included and for this I applogise to these authors. My
justification for presenting this topic may be the hope that others may be
provoked to do it better.

Ladtes and gentlemen, I thank you for giving me a patient hearing.
Let me tell again that to deliver this presidential address has been a great
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iionourand privilege for me and I would like to express my gratitude and
appreciation to all the members of the BAAS for providing me with this
opportunity. I should also like to thank the Organizing Committee of
Rajshahi University for their untiring efforts to make the Conference a success.
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MAN AND ENVIRONMENT IN BANGLADESH :
THE CHALLENGE AND CHOICE

SECTION—V

GEOGRAPHY AND GEOLOGY

PRESIDENT
SERAJUL AREPHIN

M. A., LL. B. (Alig.), Ph. D. {Glas.)
Professor of Geography, University of Rajshahi, Bangladesh.

Learned Delegates, Ladies and Gentlemen,

In welcoming you to the opening session of this Section, I wish to
place on record my sincere thanks to all our members for having elected me
its President, which I consider to be a rare honour and a privilege for
me. Being fully conscious of the onus that rests on me and also of my
own personal limitations, I shoulder the responsibilities of the office with
a deep sense of humility. I can, however, assure you of my best efforts in
advancing the causes and interests of this Section and those of the BAAS as
well, and I firmly hope that I shall continue to receive your unceasing
support and sympathy in the discharge of my duties.

1 have chosen for this address a general theme instead of any research
specialty, for it appears to me that the traditional apathy towards the
environmental sciences still persists in our society, although a full know-
ledge of the environment is most essential for a fruitful human life.
Unfortunately, only research in sophisticated laboratories is regarded to be
more valuable as well as prestigious scientific work, but field-research in
the laboratory of nature is considered neither attractive nor significant.
The result is that we are almost completely unaware of the basic facts
about our environment, and I consider it important that the state of our
knowledge—or, should I say ignorance —should first be properly appreciated.
There is, then, hardly any necessity for an apology if my address lacks

1 0 -



the expected scholarly tone or if it even sounds, to the more die-hard,
as a mere cry to vend .one's own wares. But who does not try to do
that, anyway ? However, the considerations that led me to choose the
present theme emanate from a far deeper and wider concern, involving
the question of our very survival. Isn't it quite natural, and appropriate
as well, that one's attention should first be drawn to the consideration
of the most vital issue which the nation faces as its greatest and the
most urgent challenge ?

The Problem :

The basic problem of Bangladesh is generally known : a large popu-
lation overcrowded in a relatively small territory at a density of nearly
560 persons per sq, Km (1976). And this with an economy in which
four-fifth of the population is dependent on a traditional subsistence
agriculture with an extremely low level of productivity. Such a high density
of population is not encountered even in the most highly industrialised
and urbanised countries of the world. Britain, for example, has a density of
230 persons per sq.Km and the two most densely populated countries of
Europe, viz. Netherlands and Belgium, have respectively 336 and 316
persons to each sq.Km. The corresponding figure for the U.S.A. is only
23, and for India, Pakistn and Burma our neighbouring developing countries,
respectively 188, 88 and 45. Taking the projected population of Bangladesh as
146 mn in the year 2000 A.D., the average density would be over a
thousand persons per sq.Km. The grimness of such a situation is indeed
unimaginable under the present tempo of economic development.

That Bangladesh represents a dismally low level of economic deve-
lopment hardly needs any substantiation. Nearly all the characteristic
problems of underdevelopment plague the country. I do not intend to tax
your patience by quoting detailed statistics here; the picture is amply clear
from a single diagnostic index in a recent World Bank Report (1978). It
i$ shown there that the per capita GNP of Bangladesh is not only nearly
tho lowest in the world (Si 10 00 : 1976) but its average annual growth
rate during 1960—76 is also in the negative (—0.4%), The overall struc-
ture of the economy in terms of the percentage distribution of the GDP
between different sectors has remained virtually static during the said
period. And the achievements of the First Five Year Plan have admittedly
been most disappointing. What is of more serious concern is the fact
that in the face of such nearly-stagnant economic conditions, the population
has been growing at an alarmingly high rate and there is a potential for
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further increase of the growth-rate in future because of the present age-
structure of the population and the expected decline in death-rate in the
coming years. The inexorable question that haunts the mind, therefore,
is that only two decades from now, when the population is likely to be
nearly 150 ma, would the environment of Bangladesh at all remain ecolo-
gically viable for any human living worth its name, let alone the question
of raising the level of material life.

It is not my purpose here to induct you to the Malthusian doctrine.
I am myself no subscriber to his deterministic philosophy. On the contrary,
I am a firm believer in the triumph of man, for the history of human
civilization shows it beyond any doubt that given the will as well as the
necessary technology and skill, man is capable of turning many adverse
environmental circumstances to his own advantage and benifit through
wise and appropriate adaptive measures. There is no reason, then, why
we must not face the challenge with hope and confidence and put our
best efforts in order to ensure a better future for ourselves and our
descendants. Evidently, this goal can be achieved only through a most
well-planned, scientific and careful management of our resource endowment.

The Resource Concept :

We often use the term 'resource' without being clear about its precise
meaning or significance in economic development. Popularly, the term
refers to natural substances which have a utility value for satisfying humafl
wants and in the deterministic view, economic development is considered
to be dependent on the natural resource base. But economic growth, in fact,
hardly appears to have any direct relationship with the so-called resource
base and it can be safely said that the growth potential of developing
countries like Bangladesh is not restricted by a lack of the latter, although,
evidently, the presence of a rich resource base may be a great initial advantage.

In the more technical sense, the term 'resources' has a functional-
operational meaning in the socio-cultural context and connotates ceaseless
efforts for new and more intensive uses of the raw materials of nature
which are but component elements of our environment. In other words,
resources can be said to be the fruits of human ingenuity—'neutral stuff'
of nature brought to our benifit through scientific knowledge, appropriate
technology and intelligent management. Such a broad view of natural
resources would include not only the relatively rare substances but also
the freely and more abundantly given stuff of nature viz., the land, air,
water, isoit̂  vegetation etc. which exist all around us and which, in their
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complex and interacting relationships in an areal setting, constitute the
natural environment—the physical foundation of our life and the basis of our
resource endowment : functional or potential.

While talking about resource development, it may not be out of point
to emphasize here that the problem is directly related, inter alia, to the
growth rate of population. If the growth rate of population exceeds that
of the GNP, individual income as well as the level of material life will
obviously decline despite an expansion of the economy in aggreegate. This
point has a special relevance to Bangladesh where the growth potential
of the population may, as mentioned above, assert itself and lead to further
increase of the growth-rate in near future. One of the most important
demographic-economic implications of a high rate of natural increase of
population is the presence of a large number of children in relation to the
size of working-age population which leads to a high dependency-ratio
and restricts capital formation. Taking a U.N. estimate that 3% of a
nation's income must be saved to provide for 1 % increase in population,
Bangladesh needs to save about 9% of her national income only for
demographic investment, i. e. for meeting the demands of the additional
population. To look at another aspect of the issue, some economists
maintain that in order to break out of the vicious circle of poverty and
underdevelopment, and achieve the take-off stage to self-generating growth,
a country must save a minimum of 15% of its national income for capital
investment. Limitations of the «take-off' concept notwithstanding, it can
hardly be questioned that in the face of a high rate of population growth,
prospects of domestic capital formation and significant progress in economic
development become very bleak. Is Bangladesh, then, doomed to a perpe-
tual state of underdevelopment ? The answer, to my mind, depends on
the strategy of development that we adopt. In order to meet the challenge,
therefore, the right choice of strategy is of crucial significance. And for
this; a full knowledge of the environmental complex, which is the source
of all of our material resources, is essential.

Environmental Awareness :

In any programme of planned economic growth, development of re-
source endowment must be a central aim in planning. This would call
for constant appraisal. Appraisal is indeed the key to the resource
development process. Sound planning decisions can be made only with
adequate knowledge of the natural resources which include, as mentioned
before, not only the rare substances like the bidden minerals but also
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the more ubiquitous and, at the same time, vital elements of the environ-
mental complex such as land, water, soil etc. But how much awareness
do we really have about our environment ? How much of the land, and
the associated phenomena which give the land its varied character, are
known to us ? If the gaps in our knowledge were few and far between
it would have been both easy and possible on my part to draw your
attention to the same in more precise terms. But the situation is just the
reverse—our knowledge is so msagre, spotty and inadequate that I find it
extremely difficult to choose any specific area/areas where to focus attention.
I shall, therefore, only sketchily touch upon a few aspects of the environment
which seem to me to have a direct bearing on our development problems.

The Land :

Although most of the country is a monotonous alluvial plain, the
landscape of Bangladesh has, nevertheless, a greatly varied character and
has been formed under different environmental conditions. Very little inve-
stigation has been made into the complex fluvial processes which have
been responsible for the building of the land. For example, how much
is really known about the deltaic processes of our country? Isn't it a
pity that living in one of the largest deltas of the world as we do, it is
often necessary for us to draw from foreign examples when we have some
basic facts about delta-building to illustrate even for class-room purpose?
Similarly, how much we know about the processes of flood-plain develop-
ment in our country, which have so great an impact on our life and economy.

Our knowledge of the underground geology is equally meagre. We
do not have a detailed and comprehensive geological map of the country
as yet. The focus of geological activities still continues to be, in the col-
onial tradition, mainly on the search for economic mineral deposits. It
does not seem to be fully appreciated that adequate knowledge of the
structure and stratigraphy or of the lithology is equally important for many
other purposes in our national life. The problem of floods, for example
may possibly be related, at least partially, to the tectonics of the land.
Thorough investigation of likely structurral controls on the hydrology and
drainage pattern of the country is, therefore, imperative in this connection.
One could cite many more applied problems which require geological know-
ledge, but it is neither possible nor necessary here.

Climate :

Climate is one of the most important environmental phenomena which
directly controls the quality of the biotic world. In a country like Bangla,"
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desh, which is so greatly dependent on agriculture, the significance o£,
climate to the problem of economic development can hardly be over-emphas-
ised. But very little is known even about those aspects of the climate
which determine the character and quality of agriculture —not to speak
of human health and hygiene and other aspects of life. Adequate
knowbdge about the genesis of certain features of the monsoon rainfall,
particularly those "[relating to its incidence, e.g. its break and variability,
or its occasional high intensity, would be helpful for taking necessary
measures against such hazards as droughts and floods as well as for making
optimal adjustment of agricultural activities to the climatic conditions.

There are other climatic hazards, most notably cyclones and nor''
westers, which should receive due attention for scientific investigation.
Almost no information is available on the seasonal variation of the inten-
sity of insolation and consequent evapotranspiration. In order to make
the most rational adjustment of our agriculture in respect of climate, not
only the regional pattern of aggregate climatic conditions should be known but
the local details also should be investigated through micro-climatic and eco-
climatic studies. Information on weather conditions should be made available
to the agricultural extension workers at the village level for appropriate
advice to the farmers. Besides helping necessary adjustments of agricultural
activities to the local weather, such step would also have the impact of
creating a scientific attitude and awareness regarding environmental relationships.

Water :

Water is indeed far less ubiquitous in Banghdesh.than it is commonly
believed to be, and shortage of water supply actually poses problems of
far greater magnitude than its excess. Reliable and adequate supply of
water for agriculture, industry and other commercial and domestic uses
is indispensable for the economic growth of the country. In a tropical
country like Bangladesh, with fertile alluvial soils, water is perhaps the
most important determinant in agricultural landuse. Dearth of adequate
water supply restricts agricultural activities during the dry season while its
excess during the rainy season creates many problems, including that of
flood. Besides the rainfall regime, the other factors that affect the water
supply are geology, relief, drainage-density and hydrology, intensity of
sunshine, soil type, vegetation etc. These factors determine the water balance
available for agricultural activities as well as for other uses ar.d must be
taken into account for working out the water-budget of the country. Here
again, there is a great dearth [.of basic information on this vital resource
element, both of surface and under ground sources, and its related factors.



The diversion of the Ganges water at Farakka has not only created
a problem of water shortage but has also affected the hydrological and
sedimentation regimen, and is sure to cause a chain reaction on drainage system
soil fertility and soil moisture, salinity, vegetation and, in fact, on the
entire eco-system of the region. For appropriate adaptive measures, there-
fore, it is essential to make a thorough examination of the various aspects
of the problem through intensive field research. Further, it is evident that
Bangladesh will have to draw upon her groundwater resource quite
heavily, particularly for irrigation purpose. Adequate information is, there-
fore, necessary not only regarding aquifer potentials, but also about the
quality of groundwater and its suitability for deep tube well operation.
Comprehensive survey and detailed mapping of the ground water potential
of the whole country should be done in this connection; otherwise, a good
deal of the huge investments for tube well irrigation will be wasted. The
impact of the withdrawal of groundwater on water table, soil moisture and
salinity, surface flow etc. should also be studied. It is also perhaps high time
that serious thoughts should bs given on the feasibility of the desalination of
sea water to meet the future requirement of water consumption in the country,
specially for agricultural and industrial purposes in the coastal region.

SoU :
: Another most valuable resource element which nourishes and sustains
the biotic system is soil, the formation of which takes place through long
and complex processes of nature. Proper utilization of soil is indeed the
key to the economic growth of an agricultural country. But very little is
known about the properties of the different soil types of the country and
their micro-geographical distribution. A considerable amount of work has
been done in this respect by the Soil Survey Department through long
years of strenuous efforts, but it requires a good deal of further refine-
ment. Not only the classification of soil and analysis of its texture and
composition should be made, but also the physico-chemical properties
of soil and such other important aspects as moisture potential, soli-crop
and soil-fertilizer relationships and the significance of soil in the ecological
complex should be studied. For increasing agricultural output through
modern innovations, particularly by applying chemical fertilizer and pesticides,
it is essential that the intricate relationships of the existing ecological system
should be studied for every locality; otherwise, in our eagerness to get
quick results, we may inadvertently so disturb the delicate equilibrium as
to despoil this vital resource which develops through centuries of natural
processes and on which we are so much dependent for our survival.
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I Need for Environmental Education :
ba& I could refer to many more aspects of our environment about which
we have very scanty knowledge, but this would be, I am sure, a tedium
for you. Moreover, I think already enough has been said to indicate how
much is missing in the stock of our knowledge about the environtment
which provides the foundation of our social superstructure. Does it not
amount to sheer folly and self-d-lusion if development programmes are

.made and implemented without full knowledge of the environmental sys-
. terns ? And is it not, therefore, imperative that the wide knowledge gaps
should be filled up on a top priority basis ? But the greatest handicap
in accomplishing this tremendous task is the acute shortage of com-
petent scientists and scientific workers. It would be obvious from the
indications made above that we need the devoted services of hundreds of
scientists to fill the gap in our knowledge about any single aspect of the
environment. Planning decisions are often hampered due to the lack of
basic information and plan design suffers for want of necessary data.
But hardly any positive step is taken to promote scientific activities which
would generate essential knowledge for aiding decision-making in planning.
On the contrary, even the relevance of the environmental sciences to our
development problem does not appear to be fully appreciated and it is
commonly supposed that there is not enough opportunity for geographers,
geologists, soil scientists etc. It may be mentioned, for example, that when
the University of Rajshahi wanted to open a department for Geology, we
had to face a series of querries from very responsible quarters as to what
the geology graduates would do after studying the subject and whether
there would be scope for their employment. Some maintained that only
one university department in the whole country was more than enough
to meet our requirement of geology graduates. This only betrays an utter
lack of appreciation of the significance of environmental factors in our life
and underlines.,the need for change in our traditional attitude.

qoi3-iiiOur lack of awareness about the significance of environment is
reflected in our educational system in which all the environmental disciplines
receive only but second-class treatment. Environmental sciences like geo-
graphy, geolgy, soil science, hydrology, climatology etc. are yet to get due
recognition as useful subjects of study. For example, when new educational
institutions are opened, including universities, or when development is
effected in the existing institutions, the same old traditional subjects, whe-
ther in science or in humanities, get preference, and little thought is given
to the necessity of creating facilities for teaching any environmental dis-
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cipline. I firmly maintain that if we continue with our apathetic attitude
towards the environmental sciences, we will do so at our peril : the sooner
we change it the better for our future. I, therefore, consider that there
is an urgent need of creating adequate facilities for the study of environ-
mental sciences in our educational institutions at all levels, not only for
training specialists but also for the ordinary education of the generalists
who are often entrusted with the decision-making responsibility. Inculcation
of enviromental awareness among the latter is, in my opinion, necessary for
enabling them to take more realistic and judicious decisions in matters of
public concern—particularly those relating to development works.

Role of Geography ?

It may appear to be a sectarian and invidious act on my part to refer
here togeography in particular. Indeed, many of the themes mentioned above
are only marginal to geography. But the nature, approach and methodology
of the subject are such that it can play a unique role in dealing with
environmental probtems in relation to social and economic development.
Starting from the physical foundation which supports all social supers-
tructures, geography is concerned with the study of man-environment
relationship in a most comprehensive manner, It treats the manenvironment
system primarily from the viewpoint of space in time, and seeks to explain
haw the sub-systems of the physical environment are arranged on the earth's
surface, and how man's activities are organised over space in relation to
various physical and social phenomena. Geography takes a synthetic view
of the unity that exists in the processes of nature which we often tend to
isolate into specialized studies and, therefore, fail to appreciate the reality. ,.
The intellectual tradition of geography, therefore, specially in its regional^,,
ecological and spatial-locational approaches, has a particular application to
our environmental problems and issues of development strategy. I may
proceed to elucidate my stgjtemsnt. a little further:

•'•ry-i •_-••••

In development planning, appreciation of the interacting relationship
of the various resource elements of the environment is of crucial signifi-
cance. Relationship of the various sociopolitical factors are also equally
important. In other words, applied problems of development planning dem-
and an. assessment of the total environment in its complex inter-relationship
of man and nature. Trained in the study of man-environment interaction,
the geographer is intellectually and conceptually equipped to deal with this
type of work more competently. Again, resource management is an integral

1 1 — •
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part of the planning process. In various professional fields a great progress
has already been made in developing methods and techniques of specific
resource management. Their application for the overall development of the
environment needs cohesion and co-ordination. The basic training of the
geographer makes him eminently suitable for such work.

Survey and mapping and the collection, collation and analysis of field-
data are a pre-requisite for the preparation of plan design. Failure to take
a full and comprehensive view of the issues involved in a project may lead
to disastrous consequences. It may be pointed out here that maps and
aliases are essential tools for the planner. Cartographic training is an
integral part of geography course at all levels, and geographers are spe-
cially qualified to deal with the designing and preparation of the maps
that are generally required for planning purposes. Many countries have
specialised organisations—The National Atlas Organisation of India, for
example—for producing maps and atlases, specially for planning purposes.
Necessity of such an organisation in Bangladesh can hardly be over-empha-
sised. But, unfortunately, a proposal for a 'National Atlas Organisation
of Bangladesh' submitted to the government immediately after liberation
remains shelved in the files of the Home Ministry.

To cite another example of the application of geography to applied
planning problems, identification of flood-areas and the behaviour of the
flood hazard is of fundamental importance in any programme of flood-
loss reduction and agricultural development in Bangladesh. Geographers
can make substantial contribution in this regard, using aerial photos
and satellite imageries as well as by field studies of hydrological and morpho-
logical phenomena. Again, a comprehensive programme of landuse survey
and land classification which is essential for landuse planning can be
accomplished by geographers. Illustrious works of this type have been done
by geographers in many countries of the world as part of national deve-
lopment programme. In this country, the geopraphy departments of the
universities have done some spotty works only as an academic persuit.
Improving upon the scope and design of works that have been done by
the academics with limited resources, a comprehensive national scheme of
landuse and land classification survey should be undertaken, which is
indeed an essential pre-requisite, specially for agricultural and ekistic planning.

Reference has already been made to the consequences of the Farakka
Barrage. Various water control works, both within and outside the country,
are bound to have similar profound impact on environmental conditions,
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bringing changes in the ecological relationships as well as in the resource
base and the conditions of human life. The spatial linkage of these inter-
locking processes, which is of particular interest to geography, and the
processes themselves must be understood fully before sound planning in
water management can be made and this calls for the collaboration of
physical and social geographers, geologists, hydrologists, biologists etc. in
a massive programme of field oriented scientific research.

In designing and implementing development projects, it murt be under-
stood that any interference with the environmental system or change in
resource use affects a complex set of interrelationships. Any attempt to
change the system may, therefore, go far beyond the intended goal and
produce adverse results, causing permanent damage to the resource
base, if it is made without a thorough understanding of the interacting
relationships.

It may not be out of place to cite here some examples of fruitful
application of the geographical methods and approaches to various develo-
pment problems in the different countries of the world—developed or under-
developed, socialistic or capitalistic. The techniques of water balance analysis,
for example, developed by American and Russian geographers for deter-
mining water deficit, water surplus and potential, evapotranspiration etc.,
is a case in point. The mapping of surface and underground water reso-
urces by the Polish geographers, morphometric studies by the French
geographers or the Dutch land classification work also provide noteworthy
examples of the application of geography to national development problems.
Notable contributions have also been made by geographers in river basin
development, e.g. in the Lower Mekong, Niger, and Upper Columbia etc.
In the socialist countries, such as Soviet Union and Poland, geogra-
phers play an effective role in the planning process, particularly in identifying
regions and in the later stages of development planning.

Geographical Approach to Planning :

The fundamental objective of planning is to create a more congenial
and satisfying environment for human living by proper and purposeful
utilization of all the available resources. Planning should be comprehensive
in policy and programme and should provide for the preservation and
improvement of the quality of the environment for the future generations.
In other words, planning objectives should be conceived and implemented
within the frame-work of man-environment relationship.
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Our present planning approch, which can be described as sectoral/
economic in character, suffers from a number of limitations. It fails to
achieve any functional cohesion and integration. It is, in fact, only an
exercise in sectoral allocation of plan resources on the basis of claims made
by various departments and organizations. Again, our planning machinery
is a unitary system and the lower territorial units of the country are only
naminally involved in the planning process. Moreover the present planning
approach does not give due consideration to the spatial and environmental
dimensions. Another fundamental limitaion in our planning system is the
lack of due emphasis in regional planning wh'.ch is essential for balanced
development of the country.

A geographical approach to planning would introduce new dimensions
to our planning strategy and remove the weaknesses of the present system.
It would involve the examination of the spatial and environmental rela-
tionships in preparing plan design. It may be mentioned here that although
the Five Year Flan of Bangladesh contains a section on physical planning,
conceptually it appears to be superficial and vague and is concerned mainly wilh
physical construction. The spatial relationships do not appear to have been fully
appreciated and considered. The geographical view point would underline
the necessity of a multi-level regional approach, incorporating the require-
ments of the smallest territorial units. This would mean that instead of
thi present unitary form, tha planning machinery should be reorganised as
a multi-level regional system in hierarchical order. In short, the planning
approach, in order to be comprehensive, should incorporate three distinc-
tive elements, viz 1) spatial relationships, 2) environmental relationships and 3)
regional relationships.. In formulating the strategy of regional planning, the
whole national entity should be seen as a system, consisting of nodal settle-
meat centres with their hinterlands at various hierarchical levels. It is
important to emphasize here that only a system approach to the whole issue
can make our planning programme comprehensive and meaningful.

Conclusisn
It is ! axiomatic that the future of1 man in'Bangladesh depends on a

sound programme of resource development and planning strategy. The
problems of development are varied and many, but one of the major difficul-
ties arises evidently from the dearth of basic information about the resource
base. There is, thus, an urgent need for extensive study of the environmental
complex in order to appraise, assess and mobilize the total resource
potential. But the country does not have sufficient qualified scientists in
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the related fields to accompolish this task. It is important, there fore, that
the present apathetic attitude towards the environmental disciplines should
be changed and necessary provisions should be made to promote environ-
mental studies. Institutional facilities also should be created for advanced
environmental research. For conducting various field surveys, e.g. land use
and land classification survey, and for the collation and analysis of multi-
fareous data, it is imperative that a geographical organisation (say, a National
Institute of Geography) should be set up immediately. This orgaaisation may
also be entrusted with the responsibility of preparing various types of maps,
particularly those required for planning purposes.

Our present planning approach appears to have many limitations. In
order to remove these, it is essential that a geographical approach to the
problem should be made. The intellectual traditions of geography can
make substantial contribution to the concepts and strategy of planning. Such
an approach would call for re-organization of the present planning machi-
nery into a multitier system, which would ensure full representation of all
levels of territorial units and give cohesion and comprehensiveness in the
national planning strategy. In this connection, it is necessary to delimit
the country into regional units and determine the functional hierarchy of
the nodal settlements. Geography has a rich fund of theoretical concepts
relating to the spatial and functional dimensions of the settlements of different
size-rank, which may be helpful in formulating a national settlement policy.

Due attention should also be given to proper resource management
and preservation and promotion of the environmental quality. Unbridled
use of land for various development works is not only despoiling valua-
ble agricultural land but also affecting the quality of the environment.
Unplaned industrial and urban growth is making the problem really a matter of
serious concern. A casual on-looker around the larger cities would be deeply
alarmed at the rate at which productive agricultural lands are being damaged
by haphazard urban development projects. Similarly, travellers by any road
in Bangladesh would note the large amount of land that are despoiled by
digging ditches for the purpose of road building, which could be avoided
if the problem was considered with a little awareness. Development of
hilly lands and clearing of forests, without due provisions for checking soil
erosion, are bound to cause serious environmental deterioration. These pro-
blems of environment, including those arising from the process of urban
and industrial growth, should receive immediate attention. The issue of
proper resource management and the preservation and promotion of the
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environment is so important in our national life that serious thoughts should
be given to the need for setting up a high-power body—preferably a full
Ministry of Environment and Resource Management, which would co-
ordinate and control all nation-building activities, including planning activi-
ties, and function directly under the National Economic Council. It must
be emphasised that the challenge that Bangladesh faces today can only be
met successfully with appropriate choice of strategy. It should be remembered
that time runs out fast and our future begins from now. Any delay in action
may be too late.

Before I conclude, ladies and gentlemen, I thank you all once again
for the time and attention you have so generously given me in listening
to this discourse. I do not know if I have been able to hold your interest
throughout this rather lengthy deliberation; but if I have succeeded in im-
pressing upon you the magnitude of the task that awaits before us, and
the need for collaborative efforts, specially of the environmental scientists,
for its accomplishment, which is a must if we have to have a future, and
if I have also been able to stimulate your interest in making your respective
contributions in this regard, the time spent here, I am sure, will not have
been a waste.
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Distinguished delegates, fellow scientists, ladies and gentlemen,

I am deeply moved by the great honour my colleagues and friends
have bestowed on me by electing me President of the section of biochemistry,
pharmacy, medicine, nutrition and veterinary sciences for the 4th Annual
Bangladesh Science Conference and giving me the scope to adress the section in
this 4th and 5th Joint session. May I express my deepest sense of gratitude
and thanks to them. With full awareness of my short comings and limita-
tions and in all humility I accept this onerous responsibility. I seek your utmost
considerations for fruitful deliberation in this most vital section which
concern the well being and health of the community. Seldom such a galaxy
of talented gatherings of physicians, veterinians, pharmacists, biochemists,
nutritionists, psychiatrics and food scientists, the vital members of health
team meet together to discuss problems and make recommendations.

The choice of my topic has largely been dictated by my personal
interest, exposure to and humble experiences in biomedical research and
teaching. The crying need of the day is to understand biochemically the
molecular basis of human disorder, its correct diagnosis, and drug interaction
to improve efficacious therapy. In this review an attempt is made to give
an exposure of the interacting principles and applied aspects of biochemistry,
pharmacy, medicine, nutrition and veterinary science for understanding the
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etiology, correct preclinical and clinical diagnosis so that lofty measures for
both prevention and cure of disease can be worked out. The co-operativity
amongst the health team members namely biochemists, pharmacists, physicians,
nutritionists, psychiatrics, and veterinary scientists is indespensable for the
physicians to bring a satisfactory solution of his clinical problems of human
disease.

Human disorders may fall under (1) communicable and infections disease
(2) Metabolic and genetic disorder and (3) Disorder secondary to primary
disease or defect. In bio-medical science public health occupies a positions
as ecology has in biological sciences. The subject of bio-medical research
is far ranging stemming from diagnosis to end with treatment. At the turn
of the last century it was extremely anatomo-clinic when diagnosis used to
be made on the basis of the effects of pathological processes. The biological
science just begin to be grafted on to medical research. For the last few
decades biochemical aspect of medical research has acquired a special impor-
tance and attained a degree of individuality because of considerable advances
in biochemistry and molecular biology. The deep seated causes of
pathological disturbances and their biological expression are realms where
biochemistry play a biggest decisive role. The chemical-biochemistry congress
held in Geneva as early as 1969 bear the testimony to this.

A biochemist can have contact with medical problem only when a
physician put to them. The tremendous wisdom of biochemistry can be
immediately extrapolated to field of medicine if there is a joint endeaver and
co-ordination. Bio-medical research thus gives a lead to pathological problem
being propounded at the molecular level. First step is thus to establish
diagnosis in biochemical term then therapy steps in as a combined role of
pharmacists and physicians. Surgery could not benefit from use of radioisotope
unless radioactivity was developed nor ECG could be developed unless a
physicist would not discover galvanometer. Thus, importance of inter
disciplines cannot be-over emphasized.

Communicable and Infectious diseases and Veterinary Sciences :

Veterinary Sciences in its own right is an art of great antiquity.
Evans, a veterinarian established pathogenecity of trypanosoma while working
with equines and camels. This eventually led to discovery of the cause of sleep-
ing sickness in man and its ultimate control. Louis Pasteur worked on animal
disease of fowl cholera, rabies, anthrox. Dr. Frank Schofieid, a veterinarian
isolated a potent anticoagulant, heparin while working on cause of sweet clover
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poisoning in cattle. Dr. W. H. Feldman made a significant contribution in
understanding the dreadful disease, T. B. produced by human, avian and
bovine typ?s of Tubercle bacilli.

Over 100 diseases are recorded all the world over which are communi-
cable from animals to man e. g. Echinococcus granulosus in dog, trichinella
in pigs can infect man inducing hydatid cyst. Trichinosis and reversely
tarnia solium and tarria saginata can infect pigs and catties giving measles.
Rabies, the deadly disease could not exist if animals are eradicated.
Anti T. B. campaign could have been a great success if the disease in milch
could have been eradicated. Thus, the field of zoonoses is of major impor-
tance in biomedical research periphery.

Contribution of animal investigation to the process of diagnosis and
and human suffering are none the less enormous. Biochemists studying
at molecular and atomic level while physiologist at organ or whole orga-
nism level both try to make a cinematographic view of life. Due to
obvious limit to our approach to organ or tissue level in human we have
to resort to animal experiment. Much of our present knowledge of car-
diac and other disease has Heen possible for the sacrifices the billion of
animals undertook. Parasites of man and animals that live in close
association cause human helminthiasis. The spread of schistosomiasis,
pathology of filariasis and its chemotherapy, study of lymphatics in
filarial infection and on various antihelminties are a few to name.

The laboratory experiment differs from bedside in content of rese-
arch goal and procedures. A laboratory investigator seeks to understand
how nature works and what it does. The clinician wants to change
what nature has done to thwart what it might do. The former tests new
ideas and clinician wants to reproduce what research finds.

It is often said "medicine is the mother of science" because medical
profession's primary interest was his body. Mathematics derive its pattern
from human body e. g. the favourite decimal systems or numeral 10
came because we have 10 fingers. Hippocrates is the father of medicine
not because he founded ethical code with the Hippocratic oath but
because he first looked upon disease as one of nature's order. Aristottle
too, not strictly speaking a physician, first examined animal bodies in
the scientificspirit.

1 2 -
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Using experimental animal models of human infection, medicine's
great achievements, chemotherapeutic agents in the treatment of infectious
disease for example sulfonamides, penicillin were discovered. In the field
of metabolic disorder which are often complicated and obscure etiology
animal models provoke stimulatory thoughts and guide for clinical
investigators. Rats, mice, guineapigs, dogs, cats, monkeys'devoid of one
or another endocrine glands or treated with various glandular extracts
play a central role in developing biochemistry of endocrinology. In many
ways, biochemical mechanisms which man shares with other species inspite
of differences lend to unveileng many mysteries. Experiment with mice
and other animals helped clinicians in recognizing the role of heredity
as a contributory factor to the development of obesity in man.

Leukocytes are used as a model for liver to which in human we have
little access for cytochemical evaluation of certain enzyme e.g. alkaline
phosphatase. Species differences in the levels and cellular distribution of
leukocyte alkaline phosphatase confined to neutrophillic leukocytes show
high score in leukamoid reactions, pyogenic infections and non-leukamic
myelo proliferative disease.

Through biomedical research a great deal has been accomplished, some
diseases are eliminated e.g. immunization to prevent communicable diseases,
pasteurization of milk to prevent bone T. B. , typhoid fever and other
milkborn diseases, fluoridation of communal water supplies to protect
against dental decay, and reduce danger of infection. Many problem
still awaiting solution—heart disease, cancer, arthritis, mental illness, lung
cancer, gerontology, senility, leprosy to name a few. We have heart
breaking cry of million of lepers, cancer striken patients counting days
in agony, anemic child and mother struggling for survival, malnourished
child snatches away family happiness, tetany, polyomyeilites, diarrhoea, measles,
whooping cough, nephritis, uramia, diabetes, dysentery, still either cut short
of precious life or haunts upon quality of life.

Biochemistry in perspective of metabolic and genetic disorder:—

Of all belonging to human race life is most precious and dearest to
him. The mystery of life, why one gets sick have been the question of man
since dawn of civilization. Next to nuclear science, biochemistry in our time is
most fascinating and yet useful tool in promoting the welfare of mankind. The
newer development in the branch of biochemistry, called bionucleonics has
revolutionized the entire medical profession to facilitate probing of disorder
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from molecular level to atomic level. Metabolites, hormones which exist
in the body fluid to the level of micro to femto (lO'^M) even to altomoles
(10-18M) now can be measured by radio immunoassay and competitive protein
binding assay. The study of life sciences at the molecular level is the
newer phase of biochemistry without which modern medicine is nothing but
a quackery. Life in Hopkins definition is a dynamic equilibrium in poly-
phasic system. Enzymology has elucidated the numerous reactions involved
in the dynamic steady equilibrium and their regulation. Work on ultrastruc-
ture has shown many compartments of the "polyphasic system''- Biochemistry
has underwent a transition in medical field stimulated by new experimental
findings and insights. The recognition of the principles of energy transfer
in cells and receptor concept virtually revolutionize the therapeutical
approach in its entirity. The newer knowledge of the molecular basis of
genetics which has transferred all of biology had the most profound influence
in unvieling the inborn error of metabolism and metabolic disease for
taking preventive measures as it has no curative approach, a liet motive
has its circumference in the recent development of biolegy.

Contribution of biochemistry in life sciences include concept of genera-
tion and utilization of free energy (AF=AH—TAS), role of genes in
protein and enzyme synthesis and importance of the submicroscopic struc-
ture of the cell in bio-chemical reaction have given to yet another discipline
called bioengineering for both prevention and cure of disease.

Application of modern biology in the analysis of life into molecular
dimension is a vital tool in the hands of physicians to tailor make the
regulation in preventive as well as curative practice of medicine. In this
frontier the border lines between classical discipline of morphology, physiology
and biochemistry are fading fast. With the discovery of EM, morphology
becomes the chemistry of structural elements and physiology is turning into
the study of changes in the structural elements with a new name of mole-
cular bio-chemistry to provide better understanding of chemical background
of biologic phenomenon. This discipline has arranged materials in accor-
dance with diadectic needs of physio-therapy. No other branch has so
deepened our grasp of basic phenomenon of life and its fundamental
processes and so directly influenced the basic thinking and practice of
physicians in recent decads than molecular biochemistry. Basic insight has
been gained into the dynamic events of metabolism, mechanism of drug-
receptor molecules, mapping of metabolic pw with tracer methodology, titra-
tion of active site of enzyme, and their impact on immunological aspect
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so vital to immunity barrier. We are lucky in our time to have been
able to get first glimse of the structure and mode of action of hereditary
factor which predetermine the biologic fate of cells and mode of action
which delineate its physiolgic action from metablic action.

Human is most complex organisms having over five million different
kinds of proteins amongst over 1. 2 x 106 different species of living organisms
on earth. All living species together contain IO1O-I212 different kinds of
nucleic acids but until now only abou one million organic compounds have
been synthesized, thus knowing the precise structure of only a trivially small
fraction of all the organic molecules that are believed to exist in living
matter. Twenty different amino acids and eight different nucleotides are
the precursors of different proteins, hormones, alkaloid, porphyrins, nucleic
acid and co-enzymes.

Discovery of nucleic acid by F. Miescher in 1868 from nuclei of pus
cells obtained from discarded surgical bandages quitely founded the stream
of research in the field of cancer and its etiology. DNA has a vivid memory
which time does not dim. DNA stores a vest number of directives and
blue prints. Every cell whether in the beating heart, hair, or the liver it
carries the full information about you. The number of DNA jobs in a
human being is estimated at 700,000. Dr. G. W. Beadle, a DNA authority
estimates that if the tapes inside the nucleus of a single human cell were
uncoiled and laid end to end they would extend five feets. The long,
slender form of DNA gives it a capacity, like magnetic recording tape,
for storing all the vast number of information needed in a life time.
Countless atoms make up of internal structure of the giant DNA molecule.
The tapes themselves are genss, evenly embossed along the outside on
spots of phosphoric acid and on the inside, nubs of four kinds of nitrogen
compounds, steps of a spiral staircase. The nitrogens together spell out a
mysterious code. It is the events which make bodies turn out wood,
muscle, leaves, or lungs, fins, wings or legs, normal order or disorder of
body as the case may be like the electronic specks on magnetic tapes
produce, as per their order, the sounds of music. Beadle observed
that if one to put DNA code of a single human cell into english letters
and a typist copied them, it would fill a 1000-volume encyclopedia. The
basic study of Antoene Lavoiseir in the 16th century on equation of respira-
tion with combustion using calorimeter initiated the extensive research into
energy metabolism, established caloric value for food, thermodynamic quan-
tities of energy released on digestion of macroraolecules and biologic redox
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potential. With the advent of this century, bursting of biochemistry into
full bloom led to the discovery of deficiency disease, cause and remedy by
vitamin therapy.

Thanks to Harden, Young, Embden, Meyerhof for the elucidation of
complete biochemical pw which have widened the scope of metabolic disease
understanding and ascertaining pre-disease state for effective preventive measure.

Outstanding work of Krebs on oxidative metabolism of carbohydrate
in health and disease triggered important development in understanding
areas of intermediary metabolism as aided and extended by the works in
the laboratories of Green, Lynen, Leloir, Shermin, Davis, Kennedy, Bloch,
Monod, Wymen and Changeux and Koshland including the areas of lipid,

allosteric control and related fields. These works laid down the firm basis
in aiding guidance to the practice of internal medicine. The phenomenal
development of dynamic biochemistry and endocrinology creating a possibility
for insight into the molecular aberration caused by certain disease and the
pre-onset monitoring for timely preventive measure are wonderful. The
father of modern enzymology is Northrup and Kunitz who helped much in
accomplishing the paramount task of boi-clinical monitoring of molecular
level aberration, symptomes and syndromes, du Vigneaud, Sanger, Stein, Moore,
Ba'iting and Bsst, Purutz and Kendrew have a:complished phenomenal under-
standing of metabolic diseases notably hormonal disorder, diabetes mellitus.
Pioneering works of Cliargaff, Wastson, Cjick, and fChorana have initiate
understanding of molecular aberration and drug resistance to antibiotics
and paved the ways of correct diagnosis and rationale therapy.

Concomittently, newly devised techniques and instruments made
possible the partitioning of functions within the cells, such as site of gene-
tic control, cellular duplication and ribosomes as loci for protein synthe-
sis, mbDsomes for drug metabolism, mitochondria as a power house in
which oxidative metabolism generates ATP, lipid layer of endoplasmic
reticulum as the site of metabolism of certain non-polor molecules e.g. steroids,
cell membrane as site of vectorially organized mechanism for eonrolling
general electrolyte composition of the cytoplasm, its electric potentiality,
and giving delivery of required nutrients into cell proper. The cytoplasm,
a soultion of hundreds of individual enzymes divulging multitude of
reactions for intra—and inter—conversion of nutrients into cell consti-
tuents gives birth to molecules and site for drug-receptor binding as in cyto-
sols. These achievements enable us also to pick up as will the compar-
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tomented enzymes to facilitate in-vitro metabolism. Most diseases are
derangements of cellular stru«ture and functions or both and many are
now well understood. Information as to how does an animal regulate
volume and composition of fluids wnich constitutes the intermeliu and blood
which interconnects and contribute significantly to the management of
diverse acute disorder (hemostagis) of man is now available.

Ladies and gentlmen :

Happy coincidence of this year's conference with the observation of
international year of the child reminds us of the responsibility of safe guarding
our children from inborn error of metabolism and we should lundertake nation
wide screening program.

Many new inborn errors of human metabolism have been discovered
and wealth of new biochemical and genetic informations about the older
once have been developed due to elucidation of normal intermediary
metabolisms in areas of barbohydrate, lipid, protein, nucleic acid and
hormone. Progress stems from continued careful clinical investigation of
established inherited diseases which in many instances disclosed genetic
heterogenecity.

The applieation of the concepts of gene action and its control so
beautifully developed in bacteria and relevantly formed a theoretical base
sufficient to explain the phenomenon of haman biology. Many diseases
of this nature are due to alteration, deletion or mutation in specific
gene (s) operational at rate eontrol. Thus, molecular biological explanation
for a number of disorder now we can account for with the knowledge
of how gene activity is regulated and the process by which their enco
ded information is translated into specific protein structure.

Sir Archibald Garrod, a medical man largely contributed to the role of
biochemistry in the field of inborn errors by bis discovery of alkapto-
nuria, cystinuria, albinism, pentosuria. This strengthened our biochemical
concept that certain disease of life time duration acrued from an enzyme either
missing or reduced in activity that governs a single metaboiic step. He
thus confirmed what Beadle enunciated 4o years ago. In modern mole-
cular biology termed it as one cistrone one polypeptide (cistron, a fun-
ctional unit of DNA that control structure of a single polypeptide
chain) theorem more specific version of one gene one enzyme enuncia-
tion made succinctly by Beadle. This principle of such fundamental
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importance to the understanding of the inhejited disease emerged gra-
dually from studies of eye color in the fruitfly, Drosiphila which was
begun 52 years ago by Beadles and Tantum. Genetic material has 2 points-
one large part containing hereditary message to specify molecular structure
of individual protein and another part control activity of structural genes
the mutation of which may have a variety of affects including inhibition
of a specific protein.

Essential hypertension, a most common cardiovascular abnormality
occuring in between 35-55 years (systolic>l60 and diastolic>65 mm of Hg)
is also due to interaction of genetic factors as modified by environmental
factors. A child with two hypertensive parents has 60% chances to become
hypertensive. Kidney being a unique organ with juxtaglomerular apparatus
(JGA) control Renin-Angiotensin-Aldosterone system (R-A-A system). This
apparatus is secretory in nature and act as sensing organ and very sensitive
to change in pressure within the efferent arteriole. Recognizing a decrease
in perfusion pressure it responds by secreting renin which converts alfa-2-
globulin to angiotensin I and thenll which is a potent vasoconstrictor and
stimulates aldosterone production. Thus, R-A-A system afflict the patho-
genesis and manifestation of hypertension. On biochemical basis essential
hypertension is a nonhomogenous disease with identifiable subgroups based
on measuremet of renin and aldosterone such as (1) low renin (27%), (2)
normal renin (57%) and high renin (16%) hypertension. Low renin activity
is known to protect essential hypertension from sequelae of strokes and
myocardial infarction and explain uncomplicated long life of some extremely
high blood pressure patients. Benign nature of low renin hypertension
resembles the unusually uneventful cause of primary aldosterinism with sup-
pression of renin. Patients of higher or normal renin show frequet heart
attacks and strokes with frequent protinuria and vascular changes in the
optic fundi and the high incidence of cardiovascular complicaion in this
group is due to a vasculotoxic effect of renin. The confirmative role of
R-A-A system in the pathogenesis of essential hypertension help in selec-
ting antihypertensive drugs based on their effect on renin activity and
electrolytes e.g. propanolol, clonidine, reserpine etc. suppress renin activity but
thiazide diuretics, diazoxide etc. inerease renin activity.

Angiotensin profiling can be used to bipolar analyses of volume and
vasoconstrictor factorss to evaluale hypertension situation and examination
of the extent of derangement of R-A-A-system and thus enable phyician to
pjedictably apply more specific therapy. Angiotensin profiling study we
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made in diabetics with hypertension and albuminuria showed 67% with low
.or zero renin titer (3.2±2.9 ng/ml/hr), and 33%highrenin titer (14.3d:7.8
_ ng/ml/hr) suggesting a differential diagnosis of two specific etiologies for
.hypertension—l°y aldosterinism (volume hypertension) in 67%cases and 2°y
aldosterinism (vasoconstriction hypertension) in 33% patients with low plasma
sodium and high plasma potassium concentration. In such hypertension of
hyperkalamic patients one must bs careful ia administering aldosterone
blocking drug if it has any antiandrogenic side effect or induce hyperkalemia.

Screening progame for radioinvunoassay of angiotensin and plasma
renin activity id Essential Hypertensive patients in our country is a must
for effective therapy and will give information about the ecology of human
biochemical processes.

Gouty arthrites is an important disease of purine and pyrimidine
metabolism but gout does uot affect eunuchs or woman until after menpause.
Gout has a unique place in social or political history. It stands as the one
medical disorder in which a biochemical abnormality seen to be associated
with exceptional acheivement. Illustrious victims of gout include Alexander
the Great, Kublai Khaa, Louis VII, King Henry VII, King George IV,
Queen Anne.

The difficulty in curing genetic disease stands out as the hard core
of pathology. Of millions of genes some five thousand changed genes are
responsible for inborn disease. Of these only for a small fraction specific therapy
can be attempted. A vast majority of different genetic disease are sttll
unknown. Massive screening and advanced studies may detect heterozygot
individuals in a hidden condition. At least 1 % of all births are likely to
give rise to individually heavily handicapped by a chromosome aberration.
Of V/4th of these aberrations are of the trisomy 21 type giving rise to
Down's syndrome formerly known as mongolism. By the procedure of
amniocentesis chromosome aberrations can be detected in the field and by
this method some 30 genetic diseases of the metabolic error type can be
diagnosed and timely abortion can be carried out and thus prophylactic
abortion could serve families and social costs if legality is allowed.

Hypoglycemia probably affects 1 % of all new born infants and it is
200 times as common as PKU. Screening of all new born babies every six
hours for 2-3 days for hypoglycemia could prevent more mental retardation
than screening for PKU. The costs of such screening programs should
be weighed against the costs for caring untreated mentally retarded patients
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with ia born errors. In addition, other common errors such as hyperlipi-
demias and hyperlipoproteinemias should also be screened. Electrophoresis
method would differentiate between Hbs from HbF abnormalities. The
difference is due to replacement of glutamin in HbS (GAA) in position 6
in beta chain by valine (GUA) in position 1 and 6 in HbF resulting in
distorted erythrocyte shape by hydrophobic association in sickle cell anemia.
Most people with genes for HbS in their erythrocytes are heterozygotes
carrying one gene for normal Hb and another for HbS and thus possess sickle
cell trait.

Individual with 2 genes for HbS are called homozygotes and suffer
from sickle cell anemia. Simple test for sickle cell traits may be that indivi-
duals with this trait are resistant to invasion by malaria which gives an
advantage to people in Africa where still there is malaria. Sickle cell
anemia which kill 100,000 a year are prevalent in developing countries.
One possible prophylaxis is (though difficult to apply) that heterozygotes
should avoid marrying or if they do so should avoid having children but
dangers still exist only for homzygots. By breaking genetic code we can
explain biological function exactly in atomic constellation and molecular
configuration in a living molecules.

Bi tcjiemical Individuality Effect : . . . .

, Biochemically each man is an individual. Forty six diploid chromo-
somes carry the informations which determine inheritance of man. There
are 20-40 thousands gene pairs. The differences between homologous gene
pairs are brought about by process of mutation. Variation caused by
recombination process of genetic material exchange redistribution during pair-
ing between homologous chromosomes strands occurring in mieosis and finally
by distribution of one member of each paired chromosome into daughter
cells that take place during reductive derivation are responsible for the
individuality of inheritance. Thus, every human being is also bicochemically
unique and possesses a distinctive metabolic pattern. This metabolic pattern
has an effect on many chemical events that occur in body. At the molecular
level man's individuality rest in difference in proteins which express genetic
information as quality of protein differ with differences in gene quality.
Individuality in the realm of biochemistry is exhibited in the composition
of body tissue, fluids, enzyme levels, in boih cells and blood, quantitative
needs for specific nutrients, pharmacologic response to specific drugs, and
many other ways. The individual variations are not all hereditary, nor the
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genetic factors go in operation without environmental influence or n\odi-
fictation. The extent to which the environmental factors contribute to
the expression of heredity has to be assessed. Both genotypic and bio-
chemical individuality do not exceed certain limits. Consequently there exists
a-1 basic and biochemical similarity all through human race, e.g. K+ concentra
tion in blood varies in the permitted range, there is a quantitative variation
in protein structure that occurs without any significant metabolic distur-
bances as seen in variety of transferrin. The matter of blood group substances,
histocompatibility, and synthesis of inhibitors are the example of uniqueness
in genotype in man which confers critically important individuality.

Therapeutic approaches to this inherited disorder has largely been
contributed by bioengiheering—(1) supplying missing protein, e.g. adminis-
tration of Y-gloulin in agamaglobinemia, antihemopoitic globulin in hemophilia,
(2) limiting ingestion of precursors which may undergo toxice accumulation e.g.
treatment of PK.U with diet low in phenylalanine, a lactose free diet for galac-
tosemic child, avoidance of fructose in fructosuria, (3> supplying missing meta-
bolites e;g. in macrocytic anemia, (a case of orotic aciduria is releived by feeding
cytidylic and uridylic acid,) (4) environmental manipulation e.g. avoidance
of drug which induce hemolytic anemia in sensitive patients, cholinesterase
inhibitors in sibships with pseudocholinesterase deficiency and barbiturate
in sibships with porphyria, (5) depletion of stored toxic substances e,g. in
Wilson's disease to deplete cu storage by use of BAL (British anti Lewisite),
easing of gout by elimination of uric acid with uricosuric substances e.g.:
probenecid, sulfin pyrazone, (6) use of metabolic inhibitors in accumulation
of metabolites using antimetabolites e.g. allopurinol, an effective inhibitor
of xanthine oxidase, (7) limiting frequency of undesirable genes by (a)
exercizing in eugenic, (b) preventing harmful mutation, (c) avoidance of
consanguine marriages in tainted families specially with low gene frequency
as most inborn error are of autosomal recessive pattern, (d) avoidance

of doubly tainted matings (e) establishing family counselling to high light
need for method of identifying heterozygous carrier of recessive traits.

genetic mechanism thus control individual variation, health and disease.
The cellular metabolism is regulated by three related interdiscipline, namely
(i) population genetics—distribution of specific genes in different population,
(ii) cytogenetics concernd with the location and organization of many
thousand genes on the 46 human diploid chromosomes (iii) biochemical
genetics which examine the chemical identity of the gene and its products
and mechanism by which the information is coded in the gene. These are
determinants of the study of human genetics.
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Quantum biochemistry in drug design : i,-.i;?l'i'<•<.•-:. ',%
• ; The last decades have seen advancement with explosive fbrce in thfr"

areas of genetics, neurobiology, enzyme mechanics, virology in the synthesis
of enzymes, hormones, polynucleotides, genes, viruses, the living organisms
and even creation of test tube babies. Their impact on chemistry is quite
obvious. The chemist is the expert in manipulating atoms to produce molecules.

Molecular orbital studies of drug confirm prediction of what important
structural features are contributing to medicinal activity. This sophisticates
drug design compared to certain trial and error method and even more
recent structure activity (SAR) rationale. With the increasing knowledge
of the structure and physiochemical properties of drug molecules and bio-
chemical substances, now we can peep into the mo lecular level in the body.
But we can not yet reach at the atomic and ionic level of the body.

Attempts have been made recently to determine the sites called receptor
at which drugs or hormones bind, act and the mechanism by which the
action is brought about when the drug interacts at the receptor. Under-
standing of the interacting forces responsible for drugreceptor binding and
bringing about the phenomenon of drug action is still difficult to establish
experimentally and little has been achieved. Theoretically, quantum mechanical
calculation of the electronic characteristics of molecules may offer a fruitful
approach to the determination of drug receptor interactions. In determining the
electronic characteristics of large molecules, quantum mechanics have been
found to be an exceedingly difficult techniques. Application of high speed elec-
tronic computer and use of simplifying assumptions have, however, permitted
the application of quantum theory to study of chemical problems, and a begin-
ing has now been made for application to the study of drug action,
stabilization of medical agents and interaction of drug in solution. Many
drugs are composed wholly or partly of of aromatic or n (phi) electron
system, The electronic change distribution of such n electron system inclu-
ding highly complex molecules such as barbituric acid and riboflavln can
be calculated by the technique of qnantum biochemistry. The form of TT
charge distribution would suggest a possible orientation of the molecules within
the complex.

Quantum chemistry should prove usefnl tool in conjunction with exper-
imental studies for solving some of the problem of metabolism e.g. the bacterios-
tatic activity in a series of N'—substituted sulfonamide derivatives has
recently been the subject of quantum chemistry study. Thus, three applications
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are possible (a) quantum chemical calculations yield information about the
electronic interactions involved to suggest possible orientation and intra-
molecular forms controlling the orientation, (b) in determining atomic position
to provide structure of metabolites if not yet metabonates, (c) in electronic
structure investigation to establish a relationship between (PKa) and calcula~
ted electronic charges and electronic characteristics and biological activities
of drugs. Thus, study of the effect of electronic structure on physielogical
action and chemical reactions will facilitate effective therapy.

In receptor theory biochemical approaches are based on concept of
adrenergic receptor, an important link between adrenergic neuro effecter
chain delineating the biphasic function of chemicals—one selective groups
governing distribution in the body from other pharmacophoric group evoking
specific effect. These two are now substituted by the term affinity and
intrinsic activity. Adrenergic recepter showing two distinct functions are
delineated (i) as alfa recepter (can be blocked by phentolamin, dibinamine,
phenoxybenzine) is associated with most of the excitory function e. g.
vasconstriction or contraction of smooth mucle, and (ii) as beta-recepter
(can be blocked with propranolol, promethalol) is associated with most of
the inhibitory function e.g. vasodilation, inhibition of bronchial smooth

THE RECEPTOR

The TiECEPTOR model far interaction of 4 hormone untVi its
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Fig. 1.



muscle, myocardial stimulation, an excitory function- But epinephrine is one
amine most active on both alfa and beta recepters. These concepts can
be used to predict drug action e.g. ergot alkaloid could block the effects of
epinephrine on heart or gut.

,•.... , , V -

The elucidation of the mode of action of hormone through mediation
of cyclic AMP has further clarified the recepter concept. Hormone binding,
at the recepter site (target cell) that specifically recognize it, initiates cellular
reponse which is of biphasic character and intrinsic to the concept of this
theory. The hormone in the target cell produces specific regulatory signal
in fotm of eye. AMP or GMP and this information is transferred to the
executive site which causes the cellular machinary te be switched on to perform
specific biochemical reactions. Fig— 1

Structural gene A Structural gone B

DNA

RNA

Amino-

Enzyme A Enzyme 6

Effector

Control of protein synthesis b> smetic 'rtpceMor'aj proposed by Jacob and Plonod fbr bacteria
A r,9ulat-or,, g«n« dirwtc the syntheiis of a molecul*,the rcpMtsor.JUch bind* u*h the operator Uhin* .
effector i» addut, * binds un'tti Uie rtp-**u» u*«J> then dinouatn from the operator cmsing the genet tob«
sw*<J>ed on' to produce mRHA molecule* wJucK code ferthe «ynthe»i» of »p«cific protem. (from'Ike Control of
Biodiaaical Reachon*] J-P Uianjeux, fi-i-ntjfir •i-n-i—. />pnl 197£ '

Fig. 2.
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The Bgures 1 and 2 respectively depict the theory of the mechanism
of hormone action and Jacob-Monod-Chongeux's control of biochemical
reactions.

Drug Resistance (a genetic error of drug metabolism) '•

T, Individual differences in drug metabolism is kuown to be genetically
determined (inborn sensitivity). About 3% caucassions have an altered cholin-
esterase, A large number of them metabolize isoniazid so quickly as to
reduce its therapeutic value in TB to almost nothing. A variable population
of negroes, Caucasians and orientals have a genetic defect showing deficiency
of G-6-PDH, esterase, PK, triose phosphate isomjrase etc. making them
highly sensitive to a variety of common drugs.

Predegree analysis indicates that capacity to acetylate isoniazid (1NH)
is inherited as a single recessive traits—one being slow inactivator and other
rapid inactivators. The slow inactivators lack the liver microsomal enzyme,
N-acetyl transferase present in rapid inactivators. Detoxification of drugs
is caused by drug metabolizing microsomal enzymes system of liver, gut,
kidney, lung etc. Slow inactivators show undesirable side effects e g. periheral
neuropathy, toxic effects of antiepileptic drug, anti hypertensive agents, because
they have to be acetylated by N-acetyltransferase. Drug metabolizing micro-
somal enzyme activity in experimental animal models for diabetic & uremic
are found by us to be attered. The gene determing N-acetyltransferase
deficiency occurs in 60% black and white population. Another example is
glaucoma. Repeated instillation of glucocorticoid into eye is followed by
an increase in intraocular pressure which is controlled by a pair of allelic
gene. Individual showing unusually brisk response to this therapy are
liable to glaucoma.

Another interaction of genetics with chemo'herapy is genetic variation
in drug resistance of microorganisms. Genetic transfer by an infection
mechanism in some group of bacteria is pausing practical problems in
chemotherapy. Because it favours spread of more rapid adaptation of the
parasites to various drugs. There is in principle no reason why the genetic
manipulation which is now >. ssible on bacteria or viruses should not be
carried out also on cells of higher organisms. Discovery of cellular hybrid
techniques and virus induced cell fusion have created substantial hope forn
mapping human chromosome Phenomenon similar to lysogenization his been
observed in animal cell infected by DNA virus. To-day, most therapies of
genetic defects are bound to be substitutional as in hemophilia, or diabetes
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or Rh incompatibility. The universality of the central dogma of molecular
biology was momentarily shaken by the discovery in 1970 by Tamin and
Barry Commoner that several RNA of animal tumor viruses contain poly-
merase activity i.e. reverse transcirptase which uses RNA as template for
the synthesis of double stranded DNA and thus reverse the familiar direction
of genetic trascription. This function of virus still remains a question of central
biological importance in the problem of aeoplasia.

Introduction of antibiotics into clinical use is commonly apprehended
by appearance of resistant bacteria population but none fear that all gram
negative bacteria would become R-factor carrier e.g. feeding of tetracycline
incidence of R-factor carrying tetra cycl;ne resistant E coli will immerse
in fecal flora and will lead to conversion of human gut flora to one resistance
pattern. Sporadic use of antibiotics must be given a thought to stop it.

E. Coli and Pseudomonas carry substantial number of R-factor specify-
ing resistance to a range of clinically important antibacterial agents. Shi-
galla dyseateriae isolated during outbreak of bacillery dysentery in Japan
discovered R-factor and it is claimed that in epidemic R-factor transfer occurred
between E. coli and dysentery bacteria and this caused resistance of dysentery
bacteria to antibiotics. E. coil strains can donate their resistance pattern
to other bacteria by conjugation, Identification of R-factor involved isolation
of plasmid DNA and their hybridization study. Cross infection of animal
to animal and on occasion animal to human cause transfer or R-factor
to create complex resistance pattern and more so on epidemic course when
plasmid transfer and recombination occurs. Unless a complex molecular
characterization of all of the plasmid centered in the strains are achieved
chemotherapy in infection will be more eomplex and dissapointing pheno-
m;non. The use of antibiotics for therapy and growth promotion in farm
animals has recently been curtailed in many countries. Fecal flora of farm
animal shows high level of R-factor mediated resistance. Serious attempts
should be made to discover the extent to which resistant organism in farm
animals contribute to the resistance flora in the human population in
a country like ours where sanitary conditions are deplorable and unorganized.

Incidence of nitrofuran (furazolidine used in animal husbandary)
resistance coliform found in farm animals and human food suggest the
possibility of cross infection. Extensive research on the ecology of R factor
in our country is essential to determine clearly where the balance lies in
the important equation for human health and co-existence with animal farm.
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Genetic bio-engineering has its inherent danger. In-vitro construction
of artificial DNA recombinant molecules using ribosomal DNA of eukaryotic
xen»pus Laevis coupled with E. coli plasmid DNA and introduction into E. coli
by transformation or animal gene in bacterial ribosome for synthesis of hormone
(e.g insulin has been produced) may not be without danger. The E. coli
hybrid plasmids replicate and are transcribed and translated as normal so are
the plasmid chemeras from E. coli and staphalococcus plasmid DNA. In case
of eukaryotic DNA th coupled cukaryotic DNA can replicate and trans-
cribe into specific m-RNA. Serious concern has recently been expressed
by scientists for the developments of this kind of experiments using phages
and animal or oncogenic viruses that some of these artificial recombinant
DNA molecules could prove to be of biological hazards.

Molecu ar basis of drug interaction:

The pharmacists are experts only experts on drugs. They are in the
best position to render public service without interfering with physicians
prerogative in diagnosing and prescribing. They, with upto date knowledge
of drug development and information on the system of maintenance of
family drug records, are in position to monitor drug sensitivities, allergies,
or specific efficacies. But unfortunately, hospital pharmacy and its importance
is not yet fully realized in our country and no compulsion has yet been
put for the hospitals and clinics to have a hospital pharmacy department
in charge of a qualified pharmacist. It is the shared responsibility of the
bio-pharmacist to play a role in preventig therapeutic incompatability and
drug interaction.

Edward A. Hartshem writting in Drug Intelligence states that "Drug
interaction is the phenomenon which occurs when the effects of one drug
are modified by the prior or concurrent administration of another or the
same drug (s). Drug interaction may arise either from alterations of the
absorption distribution, biotransformation or excretion of one drug by
another, or from combination of their action or effects".

Drugs are handled in the body by the process of absorption, distribution,
metabolism and excretion. Each of these processes has the abilty to act as
an environment for the occurrence of drug interaction.

The O.T.C. (over the counter) drugs e.g. analgesics (specially aspirin),
antacids, diarrhoea remidies, laxatives, antihistamins, cough syrup, elixirs,
expectorants, nosal spray, drops, motion sickness products, antiinfective
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agents, sleeping aids, vitamins and hematinics cause drug interaction. Specially
aspirin and salicylates reduce plasma protein binding of penicillin, giving
high blood level of unbound drug, implicates protein binding of diabenese
(chloropropamide) and other antidiabetic agents and sulfonamides. If dose
of diabetes when aspirin is taken is not reduced it will cause hypoglycemia.
Salicylates prevent uricosuric effect of probenecid, increase toxicity of PABA
by displacing it from binding sites, potentiate action of antineoplastic agents,
antihistamins, norepinephrine, anticholinergic and CNS depressants, and
antagonize steriod enzyme induction. Drugs like analgesics, barbiturates,
diuretics, antimicrobials cross placental barriers and appear also in milk,
if given in pregnancy. Intrauterine patient has neither hepatic nor renal
capabilities of its adult counterpart to detoxify or excrete drug due to lack
ofglucuronyl transferase. Therefore, it is risky to give drugs in pregnancy
or lactation.

Of all, steroid drug interaction with malnutrition may provoke serious
consequences. In absence of disease no other drugs are so indiscriminately
used as steriodal derivatives—estrogen and progesterone in form of contra-
ceptive pills. Careful study for potential effcts in term of hypertension,
maniac and depressive action, embolism etc on general health and particularly
on malnutrition and undernutrition state of contraceptive use cannot be over
emphasized. Pre-diabetic disposition and probable neoplastic disease of
gonads and mammary gland cannot be ruled out. Oral contraceptives have a
considerable effect on nutritional, metabolic and enzymatic status of users. On
prolonged use derangement in tryptophan metabolic pw lead to accumulation
oftryptophan mstabolites, kynurin, 3-hydroxykynurine, 3-hydroxyanthranillic
acid, due to steroid induction of oxygenase enzyme is well documented. These
metabolites depress brain serotonin causing maniac and depressed mood. O.S.C.
has been implicated in impairment of carbohydrate metabolism and particularly
lipoprotein pattern. Mannan etal 1978). Every month new claims e.g. zinc
deficiency, folic acid deficiency, increased incidence of diabetes, hypertension,
hyperlipamia. hyperproteinemia are being reported. Interaction of steroidal
derivatives and malnutrition and their effect on anterior-pituitary-adrenocor-
tical axis (APA axis) must receive research attention particularly in Bangladesh
whare nutritional problem is serious. Estrogen portion of contraceptives
may alter adrenal function and show simulated cushing syndrome. O.S.C.
treatment cause psuedopregnancy due to elevated estrogen level in the body.
As human carcimgen rarely show manifestation of cancer until at least 10
years after first exposure the consequences of prolonged pill use will remain
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obscure for long time to come. The carcinogenetic effect of certain contra-
ceptives on the mammary tissues of animals led to the withdrawal of
chlormedinone and medroxy progesterone from the market. I wish to
emphasize the need for evaluating properly the inherent danger of indiscriminate
use of contraceptive in Bangladesh. It is irony that foreign aid givers only
encourage field survey and show apathy towards research for obvious reason.
Population control policy should be wisely guided with foresight so that
after 20-25 years this country does not have to face the situation of Canada,
Sweden, West Germany who are now having the problem of closing down
schools and colleges as the older generation out numbers their younger
generation. None of course, should deny the truth that we need planned
parenhood for improving quality of life.

For judicious therapy, much stress should be given on study of mechanism
of biomolecular interaction of commonly used drugs. For example, aldomate
(methyl dopa) inhibit decarboxylation of gama dihydroxy phenyl alanine
(DOPA) in the synthesis of catecholamine, norepinephrine and thus cause
depression of norepinephrine content of adrenergic neuron terminals. But
reserpine not only reduce norepinephrine contents but also prevent its uptake
by neuro secretory chromaffin granules. The confirmatory findings of university
of Oxford and Helsinke revealed that reserpine's prolactine stimulating power
impart its carcinogenic properties. The risk of breast cancer in reserpine
treated women is three times greater than non-user of reserpine.

It is a usual practice to see a cardiac patient on a dosage regimen
involving concurrent usag; of coronary vasodilators, cardiotonics, sedatives,
vitamins and anticoagulants. This situation constitutes a real problem
needing close monitoring of all prescribed drugs. For example, it is well
known that thiazide diuretics given to patients already receiving degitalis
preparations will increase potassium depletion thus potentiating digitalis
toxicity. OTC drug particularly phenacetin metabolized in the body to
2-hydroxy phenetidine and is four times more toxic than phenacetin and
cause proximal tubular lesion andnephropathy.

There is a pressing need to control OTC drugs in our country where
malnutrition is wide spread and its effect on capacity of drug metabolizing
microsomal enzyme and co-enzymes are so rampent.

Every one now admits that chemical eqvivalency does not necessarily
guarantee therapeutic equivalency as observed by Dr. L. Lasanga of John Hop-
kins School of Medicine. Three phase clinical study—double blind, crossover,
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placebo can help in determining bioavailablity of drug product i.e. the
extent to which the active ingredients in a drug can be taken up by the
body in a physiologically active form. This is what the clinical biopharmacy
all about and we eed this aspect to be actively developed in the pharmacy
schools in our county.

The discovery of knowledge is always a chain reaction. Knowledge
explosion always follow the accelerated rate of discovery. In the last few
decades a vary important change in the relation between the knowledge and
its application to skill has occurred. Knowledge as such & its application
in a technology i.e. skill and art used to live in the past in different
environments—one known as the ivory tower and the other as the market
place. But to-day the time lag between the scientific discovery and its
application in useful practice or product has been minimized to a matter
of months. Therefore, knowledge and skill, knowing and doing must move
together and the historic separation between science and art as reflected in our
educational enterprise can no longer continue. Pharmacy, a health profession
if it is to find its place in this new context effective pharmaceutical education
will have to be developed to prepare graduates who will practice their
profession in 20-30 years from now. That is, there is great need for the
pharmacist to become more patients oriented and diseases oriented with
clinical exposure rather than becoming heavily product oriented. This is
why doctors are reluctant to consult pharmacists.

Biochemistry of Psychiatry :

Maniac depressive disorder are wide spread in Bangladesh and no
systematic survey could have been made as yet. Mental illness is largely
dependant on the right activity of internal organs. Visceral diseases cause
aneurysms, aortic disease, hallucination, mood changes, suspicion etc. Gene-
tic and biochemical disturbances in catecholamine metabolism lead to brain
serotonin malmetabolism and aggressive behaviour. The roles of dopamine
and serotonin are still not clear. Like norapinephrine, dopamine aggravates
aggression and serotonin appear to inhibit it. Biochemical contribution to
the etiology of the major psychiatric disorder is now major goal in this
field to understand the etiology of the depressive psychosis and schizo-
phrenia. The study of mechanism of action of antipsychiatric drugs and
also in the normal function of extrapyramidal motor system and the
mechanism how methyl tetra-hydrofolate serves as methyl donor in the
formation of hallucinogens from biogenic amines will help in identifying
the genetic or biochemical error as causation of mental disorder. Study
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of the mechanism of adenyl cyclase system and its interacting relationship
between Cyc AMP and postaglandin in the receptor of biogenic amine in
neural pw will solve many problems. Since CNS catecholamine has direct
effect on behaviour and that biogenic amines in brain are important in
regulating behaviour the elucidation of their exact role will one day help
maniac victims to lead a normal life.

Food additives, plastic medical appliances and neoplasm :

Many naturally occurring food ingredients, steroid hormones, choles-
terol, food colouring and preservatives, coal tar, asphalt and their smokes
are carcinogenic. During pavement of high ways the smokes that pollute
the environment from burning of bitumins, asphalt and coal tar and to
which every passers-by and workers are exposed are bound to cause cancer
to the exposed person in 10-20 years. High ways dept. must be advised
to provide safety precaution against this public hazard. Over 1,500 types
of food additives are used by the food manufacturers all the world over
to enhance flavor, provide attractive color, or improve uutritional quality.
A multitude of these coloring additives are consumed by an individual
each day. Flavor like vanilla, pepermint are obtained from plant and
little is known about their toxicological effect. For coloring sweets, rice
pudding, foods azo-dyes are indiscriminately used and sold in the open
market. Colours used in food industries are synthetic dye stuffs and are
potent carcinogens. Best known flavour enhancer, monosodium glutamate
has been known to cause "Chinese restaurant syndrome''. Controversy also
arose in use of propionate, benzoate etc in juices and soft drinks. Par-
ticularly sodium nitrite used to cure and redden meat and prevent botulism
when combine with secondary amine in the digestive tract can form a
carcinogen, nitroamine which proved to induce cancer in animals. Antioxi-
dants-vitamine E, 2-mercaptoethylamine, ethoxyquin, butylated hydroxy toluene
(BHT), nor-dihydroquaiaretic acid (NDGA) elc prevent rancidity when added
to fatty food and prolong life span when given to rats due to their
buffering action of mitochondrial lipid. These possibilties encourage their
increased use for food fortification and perhaps delaying of senility but
the potentiality of their latent interacting consequences in tissue needs care-
ful assessment.

The use of plastics has increased in geometric proportions ranging
from household to medicine—drugs, dental and ophthalmic profesions (con-
tact lens), polyvinyl tubings in hemodialysis, catheters, disposable hypodermic
syringe and needle hubs, for collecting, storing and administering blood,
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a* extracorporal devices for the circulation of blood in open heart surgery,
siliconized tubes, plastic prosthesis, synthetic adhesive, plastic tubings and
glasses in beverages, air-hosting, surgical appliances, plastic films used in
topical drugs are a few to name. These plastics are made of plasti-
cizers comprising 30-50% and most common plasticizers are a phthalic acid
esters. Accumulated evidences show that these components find their ways
into our environments. Leaching of plasticizers during intravenous infusion
and hemodialysis are known to cause skin irritation, polymer cancer, affect
kidney, liver, CNS. These also cause hemolytic anemia, premature cardiac arrest,
ventricular fibrilation, renal complication due to plastic and ethylene oxids
used in sterilization. Silicone coatings can cause embolization, thrombosis,
aneurysmal formation, infection, refractory embolism in kidney and brain.
Fluoro carbon called Dupont Freons are widely used as aerosol propillants
in colognes, perfumes, deodarants, hair spary, shave creams, and as refri-
gerant in refrigerator and air coditioners, as solvent in fire extinguisher,
and an agents for making fumes. This when escaped into lower atmos-
phere finds its way into stratosphere where it absorbs radiation and being
converted into free atomic chlorine distroys ozone which shields earth
from u.v. radiation. Thus, indiscriminate use of fluorocarbon may increase
chances of incidence of skin cancer by destroying ozone and exposing us
to u. v. radiation.

Pecent startling discovery shows that erythrocytes may be replaced by
fluorocarbon such as C8F17Br, perfluor-decalinrd perfluorinated ethers. Being
chemically and biologically stable, blood substitutes, fluorocarbons can absorb
and release 15 times as much O2 and CO2 as water mimic can. They mimie
blood's most important gas transport function as shown by the dramatic
experiment of Dr. Leland Clark. But ohly drawback to use in human is
the retention of fluorocarbon in the liver.

Clinical biochemistry :

Correct diagnosis is a must for rationale therapy. For correct diag*
nosis the wisdom of molecular biochemistry and allied sciences can be
organized under clinical biochemistry laboratory. There is a crying need
for such a central lab in each city where reliable examination of blood
and urine can be achieved.

In no area fundamental biochemical research serves to provide an
understanding of disease more than in the area of clinical enzymoelogy.
Two aspects of the use of enzymes in diagnosis are (a) diagnosis of gene-
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tic disease due to lack or reduced activity of a specific enzyme and (b)
measurement of enzymatic activities in body fluids (blood/plasma/seium, CSF
and urine) or tissue biopsy. The diagnostic implication of enzymatic mea-
surement are based on the understanding of the enzymatic pws governing
metabolism.

The execretion or accumulation of metabolites which are usually end
products in the absence, altered or reduced activities of a specific enzyme
of the first step of the pw can now be detected.

Enzymatic methods are now crucial to the diagnosis of acute myocardial
infarction, uremia, acute pancreatities, pulmonary embolism, typing of hyper-
tension, differentiation of various anemia, and detection of many serious
but often occult diseases. Recently devloped methods for identification of
variaus isoenzymes have added to the specificities of the clinical approach
and thus developed assay method for enzymes which are limited to their
organ distribution e,g. LDH for diagnosis of myocardial infarction as LD6

increase in liver disease, and transketolase activity for diagnosis of thiamine
deficiency which occurrs in myocardiopathy, encephalities, and neuretics and
liver GOT iso-enzyme in diagnosis of acute nephrities.

Clinical symptom of acid-base balance can be ascertained by knowing
the balance between input and output of fixed acid produced daily. This
is accomplished by the kidney and expressed by Henderson-Hasrelbach

equation: pH=pKa+log ^ 3|. Serious acidosis (below 13 m M/l alkali

reserve) with symptoms of acid intoxication appears in diabetes, nephrites,
toximias, eclamsia, diarrhea. Alkalosis is present in tetany, respiratory
diseases. For complete information on the acid-base balance state, it is
essential to know blood pH.

Urine for monitoring body disorder :

From befor birth (in fetus and excreted into the amniotic fluid) unto
death urine is continuously formed. Formation and excretion of urine is
constant and exerts body regulating function.

Hidden treasure in urine analysis include genetic defects (urinary PKU
impart black stain to clothes), diabetes mellitus, neoplasm, unsuspected disease,
infection, metabolic disturbances, and nutritional defects. The urine holds
many hidden secretes as treasure map but an erroneons clsces may complicate
the correct diagnosis. Urinary detection of HCG (Human chorionic gona-
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dotropin) is the best test for identification of pregnancy, certain enzyme test
indicate urinary tract cancer, proteinuria, and hematuria are sensitive indicator
of renal disease, urinary bile pigment reactions indicate liver disease,
absence of scorbic acid in urine suggest nutritional deficiency.

Main problems with which we are faced in correct diagnosis in human
are the facts that we cannot insist on working with ihbred strain of
population, control environment from which they come, recollection of
past events are often faulty and we cannot reduce them to subcellular frac-
tions to determine what is going on. Dove tailing aspect or useful con-
trasts of the clinical aspect make thing worst e.g. investigation of renal
function by BUN give only late manifestation of disease as BUN rises to
normal level only when 25 % kidney functions are already destroyed (Mannan
Ph. D. thesis). Crying need of to-day's research is to obtain diagnosis
of pre-clininical manifestational state. Glomerular disease, acute tubular
necrosis, nephrotic syndrome, arterial hypertension, chronic pyelonephritis,
renal disease in pregnancy, nephropathy of potassium depletion, hyper calcemia
and hyperuricemia, disorder of fluid and electrolyte balance are now can
be diagnosed by application of new biochemical, physiologic and immuno-
logic approaches using needle biopsy, EM, immunofluorescence, brain X-ray,
isotopic scan of liver, pancreas, laparoscopy, celiac angiography, or endoscopic
probing of duodenum for cytology or cannulation and retrograde visualiza-
tion of biliary or pancreatic ducts & funduscopy of eye in detecting retino-
pathy. These may depict morphological changes but cellular and molecular
level disorder is complimented by enzymology, microbial, electrophysiologic
or other laboratory procedures. Above all experimental model tests are must.

Assessment of Nutritional Status :

The combinations of bio-clinical examination, vital statistics and
anthropometric data along with dietary pattern study are best methods for
assessment of nutritional status. A well nourished population in terms of
clinical examination show alertness, active firm muscle, bright eyes, smooth
elastic skin. Conversely, inertness, lethargy, flably muscles, with rough skin
and depigmented hair reflect malnutrition and undernutrition state. Biochemi-
cally blood and urine analysis for hemoglobin, PCV, vitamins, accumulated
intermediary metabolites, hormonal basal level, amino acid levels are important
parameters to diagnose malnutrition state specifically. Values below the follow-
ing basal levels in blood indicate malnutrition or inadequate nutrients intake :
albuman 3.5g/100 ml, Fe—70 ug/lOOml, retinol 20 ug/100 ml, carotene 80
ug/100 ml, ascorbic acid 300 mg/lQQ ml, vit B12 70 pg/100 ml, folic acid1-7
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mg/ml, I3 50 ug/24 hours urine, N-methyl nicotinamide 1.6 mg, riboflavin 80 ug,
thiamine 66 ug (children under 6 years—riboflavin 300 ug, and thiamine 120
ug), a few to cite for example.

Determination of height, weight, and subcutaneous fat by skinfold
calipers include anthropometric data. For lack of sufficient native standard
many survey data may be proved erroneous. The tendency of using Harvard
standard in Bangladesh should be discouraged for ecological and geogra-
phical reasons. Age, sex, social status, eating habit, physical activity, culture,
endocrine factor, genetic factor and drugs used are determinants of nutri-
tional status of a population. Nerve tissues are most vernanable to nutritional
neuropathy diseases. Thiamine, pyridoxin, pantothenic acid, cyanocobalamin
play important role in metabolism of nerve tissue as nerve cell derive
energy from oxidation of carbohydrate and deficiency of either produces
biochemical lesions. Nutritional neuropathy of class I called peripheral
nerve lesion include polyneuropathies of beriberi, alcoholism, and burning
feet syndrome and class II called CNS lesion includes Wernick's encephalo-
pathy (vision), nutritional amblyopia (retrobulber neuropathy) which need
thiamine therapy while cord syndroms—spinal ataxia. or vitamin B12 neuropathy
need vitamin B12 therapy.

It was not until the metabolic pathway of purine nucleus biosyn-
thesis was elucidated that clinician studying hyperuricemia syndromes could
recognize that in gout the genetic abnormality is glutaminase deficiency
where as in Lesh-Nyhan syndrome it is an total deficiency of hypoxanthine
guanine phosphoribosyl transferase. Taking from patients such cells as
erythrocytes or fibroblasts which when cultured can not only demonstrate
metabolic abnormalities but also can form starting point for therapeutic
experiments by means of antimetabolites or inhibitors of abnormally incre-
ased activities.

Antibiotic users must be subjected to extensive clinical tests including
blood and bone marrow examination and liver function tests with needle
biopsy and sternal marrow sample, peripheral blood study and urine analysis
weekly, blood non-protein nitrogen monthly, electrocardiogram every 2
months and urinary ketosteroids, and glucose tolerance tests occasionally.

Nuclear medicine and bionucleons :

The gift in disguise of the two world wars is the achievement in the
field of two new disciplines called bionucleonics (biochemistry of nucleons—a
collective na.ine for proton and qeutron) and nuclear medicine, the most exciting



and important components of modern biomedical science. The fundamental
knowledges synthesized from the disciplines of physics, chemistry, biochemis-
try and radio-pharmacy have wide opened the functions of the applied
aspects of nuclear medicine and bionucleonics. Maximum benefits can be
obtained if the advantages as well as hazards are well understood. This
discipline is an excellent example of how mankind can use atoms for peace.
The immense potentiality of these nuclear methods lie in the detection of
clinical changes occurring in anatomical, morphological and biochemical
levels and their application in both diagnosis and treatment of disease.
The surface has hardly been scratched in the application of short lived
radionuclides to biomedical problems. These are superb methods of assaying
the immunoreactive metabolites and hormones accumulating at a level of
less than femto mole per liter (10-15M) while most sophisticated chemical or
biological assay can hardly go up to micromole level of detection.

After world war II with the development of nuclear reactor and
production of large quantities of radioactive tracers, discovery of techni-
ques of radioimmunoassay (RIA) and competititive protein binding assay
(CPB) and invention of liquid scintillation counter, gama counter, and
gama camera with collimation mechanism led to the birth and rapid
growth of a new discipline called bionucleonics and embodiment of nuclear
composition concept into nuclide (atomic species).

Wagner has symbolized nuclear medicine as a triangle with radio-
pharmaceuticals, biomedical problems and instruments at the three eorners.
Radiopharmaceuticals are radioactive substances of short half life and
decaying in low energy gama emission which can be administered to hu-
man or animal for tracing metabolic pathway, diagnosis or therapeutic
purposes. These aid in studying important organs—brain, liver, lungs,
kidneys, thyroid glands, skeleton, spleen, pancreas, blood and cerebrospinal
fluids by obtaining image of an organ or lesion to measure regional blood flow.

On administering radiopharmaceuticals three kinds of tests : (i)
sample counting in biological fluids for uptake or excretion, (ii) external
body counting using single or multiple external stationary detector (Nal
crystal activated with Tl) to record activity in an organ as the radio-
nuclide passes through, to measure rate of circulation of the labelled subs-
tances and detect organ functional activities and (iii) organ imaging
(scintigraphy or scanning, using detector incorporated into rectilinear scan-
ner or a gama camera can be performed.
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Conventional X-ray picture has limitations in diagnosis of metas-
tasis as clinically non-existent metastasis showed no radiological evidence
and need scanning on intake of "mTc. Most nerve tissue is localized
within the skeleton and to detect neurologic defect bone scanning using
scintillation camera gives clues. The site of hyperactivity can be deter-
mined by garna encephalography (GEG) following I. V. administration of
87Ga-citrate. The majority of primary or secondary brain tumor can be
locally scanned with "mTc-PP administration. The use of radioisotopes
in organ visualization has increased greatly with the commerc/al availa-
bility of parent-daughter generator systems of the currently available short
lived generators called "cows", the "Mo—"mjc generators are the most
widely used. Since «9Mo has a short half life of 67 hours they have
only one weeks short half life which makes their use commercially un-
feasible for country like ours. BAEC has certain responsibility in this
field to help overcoming these difficulties. The parent daughter combina-
nation of 113Sn—U3In consists of a zirconium oxide column loaded
with 113Sn from which the daughter 113mln can be easily eluted with
O.O5N HC1. Such a generator has a useful life of several months and
will be useful for our county. ll3ml-oxinate has been used for scanning
of lung, blood pool, brain and kidneys. Radioisotopes made posssble
the evaluation of pulmonary function-ventillation and perfusion with least
discomfort and hazard to the patient.

Use of ls3Xenon, most widely used radioactive gas also aid in
evaluation of pulmonary function and lung size. To evaluate lung perfu-
sion scans correctly information about regional pulmonary ventillation is
often necessary. For this reason radioaerosol (produced with a positive
pressure or ultrasonic nebulizer) is used for inhalation scanning. Scanning
of anticancer drugs can easily be evaluated by studying uptake of radio-
active nucleoside (s) into DNA (Mannan, M. Sc. thesis.)

The use of radionuclides in the diagnosis and therapy of disease has
created the new speciality of nuclear medicine. The diversing uses of this
radiopharmaceuticals in diagnostic nuclear medicine and therapy fall into
several categories as shown in Table 1. Of the 107 elements and about
1,000 nuclides only nine nuclides of six elements comprise 70% medi-
cal uses. These are 131I, «Cr. ™I, 8t>mTc, ™I, 22Na, 85Kr, 197Hg, & 203Hg.
Presently there are 32 gama or positron emitting radionuclides used in
nuclear medicine either as inorganic salts or organic compounds varying
in physical half life from J hour for 68Ga to lo.3 years for 85Kr. A
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major drawback in the development of nuclear medicine has been the
limited ability to synthesize appropriete radiopharmaceuticals with definite
biochemical behaviour incorporating these short lived radionuclides. Six
other generators are presently availablc-namely 132Tc yeilding 1321, 87Y
yeilding 87ll>Sr, 1S7Cs yeilding 137Ba, <*Ge yeilding ««Ga, 113Sn yeilding " M n ,
and wspd yeilding 103mRh. New pharmeceuticals have been developped
for assesing the biochemical functions or for delineating morphological
structures, based on biochemical principles e. g. use of 131l-labeled iodohi-
ppuric acid for kidney function testing basing on conjugation and elimi-
nation of benzoic acid in the form of hippuric acid and the established
rapid renal tubular secretion of iodohippuric acid. Recent iutroduction of
macro-aggregates of human serum albumin containing radioiodine for scann-
ing the liver, lung, and spleen, diuretics containing radioactive mercury
for brain and kidney scanning, labeled amino acids for incorporation
into organs rapidly syntheszing proteins e. g. use of 7SSe-L-methionine
in pancreas scanning, and the labeling of erythrocytes wth51Cr in ascer-
taining pernicious anemia, 203MHP-Hg to MHP-193Hg for spleen scanning.
Recent additives to the armamentarium of radioisotope therapv are the
radioactive colloids. Colloidal ytterium fluoride and hydroxide are also
used in ytterbium therapy of malignant serous effusions. Radioiodinated hu-
man serum albumin is available for use in conjunction with digital com-
puting equipments for rapid blood volume determination based on the
principles of isotope dilution. On the basis of their biochemical behavior
only four commonly used radiopharmaceuticals classed as "biochemicals"
include labeled cyanocobalamin. thyroxine, triiodothyroxine and 75Se labe-
led selenomethionine.

Table II presents protocols for clinical use of radiopharmaceuticals
and Table III presents radio diagnostic agents of yesterday and to-day.
The Society of Nuclear Medicines (N . Y., 1975 ) out lined the various
diagnostic problems we face in clinical nuclear medicine. These are (1)
tumor specific localization, (2) abscess localization, (3) sites of thrombosis
and embolization, (4) leukocytes and platelet kinetics, (5) myocardial ische-
mia and infarct localization, (6) early detection of atheromatous plaques,
(7) regional cerebral blood flow (convenient method), (8) cerebral edema,
(9) renal blood flow and glomerular filtration rate (separates kidneys), (10)
gastrointestinal bleeding site, (11) alcoholic cirrhosis, (12) pancreas—and
(13) aseptic necrosis of bone. The latest significant new radiopharmaceuti-
cals shown in Table III are potentially useful in solving some of these
clinical problems. Possible substitute for l u In are reactor produced nuclides



namely samarium 153 (t-| 47 hours & gama energy 70 KEV) and yitterbium
169 ( 1 1 32 days & gama energy 63 KEV) and these can be used as oxine
complex in labeling platelets, WBC, RBC for localization of thrombi, and
abscess (inflammatory lesions). Recent tumor scanning agents include (a)
radio sensitizers and antitumor agents (namely 131I-synkol, 263Hg-hemato-
porphyrin, 67Co-bleomycin, luIn-bleomycin, 99mTc-bleomycin) and tumor-
associated antigens and antibodies (namely 131I-antifibrin antibody, 131 I-
fibrinogen. 1311-CEA antibody, ^Tc-tetracycline, 131I-HSA, 301Tc-chloride,
etc. due to their concentrating affinity for tumor cells at the sites of liver,
breast, pancreas, oesophagus, stomach, brain and benign conditions of lung.

The greatest use of labeled compounds is in the study of drug meta-
bolism and biotransformation i.e. to get information about (a) route and
rate of administration, (b) biotransformation : number, nature and rate of
elimination of metabolites and (c) localization and penetration of a drug
aad its metabolites in organs and on specific subcellular structure and
(d) identification of any "active'' metabolite and evaluation of its phar-
macological action. The recent development of whole body count facili-
tates the study of the effect of maney factors on body composition.

Personells engaged in nuclear medicine research need to be acquainted
with biochemical indicators of radiation injury.

Whole body exposure to ionizing radiation is known to produce a
characteristics sequences of acute symptom depending on radiation dose.
Biological indication or biological dosimetry using different biochemical para-
meters are yet to be evaluated. Uptil now biological indicators of radiation
injury using cytological (haematological) and cytogenic methods evaluate
functional state of irradiated organism on the basis of changes in metabo-
lism and chemical composition.

Irradiation be it accidental exposure or atomic blast cosequently cause
very diverse symptoms. These includes loss of weight, delayed gastric emptying,
anorexia, depletion of bone marrow stem cells and reduction of mass of red
cells, reduction of blood and plasma volume, greying of hair, and carcinoma.
Apart from early mortality associated with radiation sickness, irradiation cause
shortening of life span mimicing age specific mortality. Liver and kidney though
morphologically radio resistant but metabolically they are radiosensitive and
undergo shrinkage on exposure. Functional al terations due to radiation
exposure are well marked in functional changes of serum enzymes, protein,
DNA, RNA and electrolytes as evident by increased urinary excretion of
proteins, DNA, RNA, creatine, tryptophan metabolites particularly urinary
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kynurenic acid, xanthurinic acid. Liberation of biogenic amines (e. g, serotoninc,
histamine, catecholamines) and CPK are important early sequelae of radiation
expoosure (Mannan et al).

After nuclear accident biochemical tests that should be done in urine
or and blood is presented in Table V.

Quality Control in Clinical biochemistry laboratory :

The correct performance of bioclinical lab is the determinant of correct
diagnosis. To appreciate the importance of clinical biochemistry and
nuclear medieine to establish correct diagnosis one must assure reliable
results as the subject of quality control contains endless variations.

For good quality control all possible sources of the variations viz.
methods of obtaining specimens, analysis, calculation and transcription of final
results must be taken into careful consideration. Factors such as age and sex
of patients, stateof absorption, previous diet, past drug regimes, diurenal varia-
tion, seasonal variation, stress condition etc. influence biological specimens.
Other considerations involve bacterial or chemical contamination, temperature,
exposere to light, and sound, changes in acidity or oxidation. Biological speci
mens are also subject ro significant alterations by hemolysis, lipemia, bilirubene-
mia, improper or incorrect amounts of preservatives. For maintenance of
reliability of results of analytical techniques, consideration must be given
to the quality of procedures being used, reagents and personnel handling
the tests. Even use of fully automated equipments are not foolproof. To
obtain reliable results a reliable procedure is infallible.

Accuracy (true values) and precision (degree of reproducibility) are
cores of quality control. It is entirely possible to get excellent precision
yet inaccurate results due to improper standards, reagents and conversely
if precision is poor it becomes extremely difficult to obtain accurate re-
sults. Testing of sufficiency of precision and allowable deviation Tonk's
formula is a good guide.

Once a laboratory establishes its satisfactory precision accuracy may
be determined by continuous running of specimen of known values. The
limits that can be accepted allowing for 95 % of the results are determined
as± 2SD from the mean and plotted for each day's values. Upward or
downward trend would be a warning of impending trouble and if values
fall out side the limits more often than once a month, a problem may exist.



interpretation of clinical laboratory tests for correct diagnosis and
selection of right drug and dosing needs careful evaluation of factors
such as context of specific disease, its degree, age, renal and hepatic function,
concurrent disease state, medications and allergies and drug product factors
such as bioavailability, efficacy, toxicity, risk to benefit ratio and cost
effectiveness

Clinical bio-pharmacy thus can rescue medicine from empericism.
For example, in a diseased tissue substituting bio-pharmacy for morbid
anatomy rather than waiting until tissue damage becomes microscopically
visible one can acheive preclinical state for ascertaining diagnosis.

Thus bioehcmical wisdom can charge any researcher in biomedical
sciences with nesus elan in pzrspective of human disorder, its correct
diagnosis and rational therapy.

Ladies and Gentlemen

I am grateful to you for bearing me so long. I have tried to take
you through the panaromic highways of biochemistry and allied sciences
to have a glimse of all the parapharnalia for understanding of human
disorder. There are many picturesque boulivard, streets, lanes and by-
lanes which we have to by pass. I shall cosider this endeavor worth
while if at least some of us are inspired and give top priority to teach-
ing and research in this perspective.

Biochemists, pharmacists, nutritionists and veterinary scientists having
been occupied a substantial place in the health team should be given
their rightful place of contibuting their mite. To make health team
programme a great success and to boost biomedical research and teaching
I place through this august body the following six points recommenda-
tion to the Govt. and autonomous scientific and teaching organizations for
immediate consideration and necessary action :

(1) Biochemistry must be introduced into the intermediate and graduate
levels, and in medical curriculla in true sense. There should be a
Chair of biochemistry in each medical colleges as has been done
wisely in IPGM & R and B1RDEM.

(2) Clinical biochemistry, endocrinology and metabolic diseases, bionu-
cleonics and radiopharmacy must be recognized as separate disci-
plins and introduced into the univeisity. BAEC, BCSIR and BMRC



and the like must have their say for requiremets of their man-
power and formulate curricula jointly with the university and help
establishing & developing teaching laboratories in the university for
developing their man power. They also would offer summar job to
the students and fund to the respective discipline for solving their
problems.

(3) A national well equipped bioclinical lab. should be established
under the joint sponsorship of NCST, BMRC, BIRDEM and univer-
sity to impart bioclinical training and establish clinical testing labora-
tory in each district.

(4) Each Medical College and hospital must have a hospital pharmacy,
veterinary science and nutrition cell to ensure better and safe use
of drug.

(5) Ministry of health, Social Welfare, NCST, and organization of
BMRC, BIRDEM, BCSIR, BAEC, NIPSOM must have a bioche-
mist as member to help in their planning and execution.

(6) Continued education in biochemistry, pharmacy, nutrition and ve-
terinary science must be instituted in collaboration with BMRC,
BAU, BAEC, Dept. of biochemistry, pharmacy and Institute of
Nutrition and Food Sciences and Pharmaceutical Society to keep the
professionals in respective field abreast with advanced and up to
date knowledge of each discipline. NCST, UNICEF, Ministry of
Education and University of Dacca should take the lead.

Parachialism in scientific discipline must not be allowed to eat up
vitalities of our scientists. Any hidden feeling of complexity amongst
physicians and non-physicians will lead us no where. The aparhied in
science must be avoided. This type of retrograde attitude will make co-or-
dination difficult. In introspect in the home of scientific community a
sense of faternity must be developed. In their obsessions for the applied
aspects some times people who mean policy makers feel vivasecting pure
science and hitch piece meal to the applied facets for getting co-ordinated
whole of a basic subject. This type of aparthied in science particularly
biomedical research and teaching will bring more evil than good. None
of us can escape obligation to our society. This is the occasion for
§trengthing our faith in this direction.
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Ladies and Gentlemen, thanking you all once again, I end quoting
C. F. Cori, nobel laureate "who steps from his splendid isolation into
the strong current of human emotion'' saying:

"Nature has determined
That hemoglobin should be red
And chlorophyl green
These are the colour of life
Ubiquitous Homosapiens
Approaches 3 thousand millions
The plotting of the curves
Has shown once for all
That may or may not be . . .
Enough food for all
Man has not setled his fate

once and for all
And the solution offered grow

Like Fleurs du Mai
O' do not speak
Of the green and Red

The green is wasted
And mankind is bled''.

Can we afford loose then what makes us choose science as our life work ?
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Table I. Scope of Radioactive tracer methodology in Biology & medicine.

Isotope Dilution Diffusion and flow Metabolic studies

Body composition, e.g. Spatial distribution as Metabolism of amino
total body K & H2O in organ and whole body acids e.g. Se-methionine

scanning.

Body spaces i.e. vol. of Positive and negative Metabolism of carbohy-
distribution e.g. chloride concentration in organs drates, drugs, hormones,
& hormone spaces. and tissues by space lipids, minerals and

occupying structures. proteins.

Body fluid volumes e.g. Cardiac out put. Mapping of matabolic
blood & plasma volumes. pws of bio-molecules.

Exchangeable body ele- Cell membrane absorp-
ments e.g. Na & K. tion and permeability.

Regional circulation e.g.
coronary, hepatic and
renal.
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Table II. Protocol for clinical use of radio Pharmaceuticals.

Procedure

Brain Scan
Cardiac angio-
gram
Renal scan

Bone scans
Bone marrow
scan
Liver scan
Lung scan

C.S.F. study scan

„ „ shunt

Liver scan
Pancreas scan

Tumor scan
RA1U (Radioac-
tive iodine uptake)
Thyroid scanning
lingular thyroid

—mediastinal

R adio-pharmaceutical

9 9 m j c

89mT c Q4

»»mTc DTPA
»»mXc gluconate
»9mTc Pyro Po4
MmTc sulfur colloid

9»mTc sulfur colloid
9»mTc H. A. Micros-
pheres
i"ln DTPA

131I Rose Bengal
75Se selenium meth-

ionine
67Ga Citrate
Na-131I

Na-131I

—mass, carcinoma

Thyroid scan
Red cell survival
Platelet survival
Protein losing
Entcropathy
Plasma volume
Ferro kinetic
study
G. F. R.

9»mTc O4

Na-«Cr O4

Na-5'Cr Ot
slCrCl3

131I HSA
MFe citrate

^ I n DTPA

Adult Dosage

15 me
20 me

10 me
10 me
15 me
15 me

5 me
3.5 me

300 uc minimum
lOOuc
150 uc min.
5Duc
150 uc
200 uc

3 me
5 uc min.
1 uc
35 uc min.
5 uc
100 uc min.
15 uc
100 uc min.
15 uc
1 me min 0.5 me
100 uc
300 uc
50 uc

5 uc
10 uc

50 uc

Technique

Gama camera
study recorded on
videotape through
15 min and en-
tered into the com
putor or dual
probe scanner with
contrast enhance-
ment for delayed
study or gama
camera using pin-
hole collimator
with fine (2-3mm)
insert.
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Table II (continued) :

Procedure Radio-pfiarmaceuticals Adult Dosage

Lacremial Duct "mTc O4 50 uc per eye (in 002 ml)
study
Schilling test (for "Co—Bia 0.5 uc
absorption of B^
in ileum)
(for macrocytic «9mTc Chelates of 5 me
anemia & malab- phenolic amino
sorption syndrome) carboxylic acids

Hepato biliary-
scintigrapby

Carcinoma detec- i^ I -CEA RIA of CEA
tion (Carcino embryonic

antigen)
Renogram 131I 20 uc ;
Fat absorption 131I — oleic acid 25-50 uc

isii—triolein
Total body water 3H 2O
Iron utilization MFe—citrate 500 uc

(First Asia & Oceania Congress of nuclear medicine, Sydney, Sept.
6-10, 1976).
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Table III. Radio diagnostic agents : Yesterday and To-day. (Prof. G. Subra-

Brain

Thyroid
imaging

Lung

Liver

Kidney

Spleen

Bone

Mvocar

dium

manian : upsiaie i

Until 1965
131I Albumin
203Hg chlormerodrin
99m Xc 04

131I iodide

131I-MAA

398Au colloid
131I-Rose Bengal

13lI-Hippuran
203Hg-Chlormero-

drin

^Cr-RBC

i s p

«Sr

131Cs

vieuicai ^eniei. oyuv*

1971

99m Tc 04
i»?Hg chlormerodrin
n3min DTPA
]«»Yb DTPA
"mTc-Sn-DTPA

1S1I/U6J iodide

99mTc 04
131I-MAA
esmTc-MAA
H3min.particles
99mTc-micros pheres
W3Xe

»»mTc-sulfur colloid
131I- Micro A A
H3min-colloid
131I Rose Bengal
131I-Hippuran
197Hg-Chlormerodrin

wmTc-Fe ASC
»»Yb DTPA
»9mTc 04

«'Hg BMHP
2°3Hg BMHP
99mTc-Sulfurcolloid
lwmin Colloids

«»Sr
i36mBa
Rare earths
(i?iEr, " 'Dy 167Sn)

12»Cs, 131Cs

«K

1976 on ward

99m J c 04
99mTC Renal Agents
ii3min DTPA

99mTc 04
123I iodide

99mTc MAA
nsmin.MAA
%mTc-microspheres
is3Xe, "»Xe

"mTc-colloids
phytate
Micro AA

uamTc-colloid
131I-Hippuran
"mTc-Sn-DTPA

l8'Hg-Chlormeodrin
99mTc-DMSA
»9mTc-GHA

wTmc-Sulfur colloid
I13mln-Colloid
usmin.RBC

99mXc RBC

9BmXc-Poly Poly PO4
DiPO4

U3mIn-PO4s

fcRb, 129Cs, 2O1T1, «K ,

99mXc-Phosphorus com-
pounds (in farct)
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Table IV. Therapeutic uses.

Radio pharmaceutics

Na-P04

Chromium 33PO4

i»8Au
•"Co needles, seeds

or wires
»°Sr applicators
J9 Iridium scan
"^Tantalum needles
131I-ethiodized oil

Therapeutic use Dose (me)

Hyperthyroidism 2— 10
Cardiac and Pulmonary disease 25— 50
Thyroid cancer ICO—150
Polycythemia vera 3— 8
Chronic leukemia (lymphatic or myeloid) 1—2/week
Metastatic bone cancer 10— 15
Treatment of peritoneal effusions 10— 15

pleural effusion 8— 12
Institial implantation in tumor 8— 12
Tumor in body cavity 50 75

Treatment of ophthalmological lessions variable
Interstitial tumor irradiation variable
Bladder tumors variable
lntralymphatic radioisotope therapy variable

Table V. Biochemical Determinations in urine/blood to be done after a
nuclear accident :

Biochemical parameters

Amimo acids
Taurine, Serine, BAIBA
Creatine/CPK
Tryptophan metabolites
(Kynurenic-Xanthurenic acid)
Anthranil,-OH-anthranilic acid
Indoxyl sulfate

Nuclides
Uric acid
Pseudouridine
Deoxy ribosides

Biogenic amines & hormones
OH-indol acetic acid
Serotonin
Catecholamines
Ketosteroids
Ions : K+, Na+, cl-, SCy
Enzymes
Aminopeptidase
D Nase, R Nase

Recommended Procedure

automatedcolumn chromatography
alfa-naphthol/enzymatic

Column chromatography and
fluorometry.

Enzymatic, Column chrcmatography
U.V. absorption or microbiological
determination.

Extract 4-fluorometry.

Flame photometry
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PRESIDENT
DR. M. IBRAHIM
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professor of Metallurgy, B. U. E. T., DACCA.

Distinguished Engineers and Scientists,
<oi\ Tts

I consider it a great honour to have the opportunity to speak to
you this morning as the president of the section of engineering sciences
on the occassion of the 4th Annual Bangladesh Science.Conference under
the auspices of Bangladesh Association for the Advancement of Science.
I would like to express my heartfelt thanks to the members of BAAS for
proposing my name and thus honouring me. I am fully aware of my limi-
tation both in language and deliberation and I have accepted this onerous,
responsibility with much hesitation and full sense of humility. Now I
hope, with your active co-operation, the function and discussion of. the
engineering section will go on record to be a fruitful one.

Ladies and Genthmen,

I have chosen to present before you a topic on my line "The pros-
pect of Iron and steel Industries in Bangladesh." This topic has directly
or indirectly been discussed by different persons from different angle. The
present paper wants to analyse how far the Iron and steel industry can
grow in Bangladesh and what may be their bottle neck. I may perhaps be
excused if I contradict or dispute with any one about the extent or im-
portance of the growth of Iron and steel Industries in Bangladesh. The
importance of Iron and steel Industries for a developing country like
Bangladesh can not be overemphasised. Every development scheme needs
Iron and Steel in its construction and lay out. For the maintenance and

17- .
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repair work of national Railway, Dockyard, Textile mills, Machine Tool
factories etc., Iron and Steel are the most essential commodities. For the
smoth functioning of all these basic industries, there should be regular
supply of iron and steel besides other multipurpose uses of iron and steel.

The main initial raw materials are iron bearing ore mineral, good
quality hard coke, lime stone etc. needed in the manufacture of iron and
steel. The other important items in the manufacturing process are technical
know.how and capital investment. Bangladesh has friendly relations with
almost all developed countries of the world. Technical know-how if needed
may be borrowed and we may be assisted financially by those countries
with whom we have good relations. Let us see the psition of raw mate-
rials and their sources. According to the present information, there is no
important source of iron ore in Bangladesh. There may be some presence
of iron ore here and there but of no commercial value. Therefore, if
there be any iron making plant in Bangladesh, the project has to depend
mainly on imports of foreign iron ore. Our neighbouring countries viz
Malaya and India are exporting iron ore. The estimated deposit of iron
ore in Malaya is about 130 millon tons. About 30 million tons of these
eserves have an Fe-content of over 60%, the rest of them is of medium
quality. India has a total estimated reserve of over 21 billion tons. Of
these about 17 billion tons are hematite, about 2 billion tons magnetite,
and about 2 billion tons limonite. Part of the Indian iron ores i. e. abo-
ut 8 billion tons has a very high Fe-content averaging about 60% Fe.
The main component of these ores is hematite, and they occur in asso-
ciation with hard crystalline rock of metamorphic origin. The largest
deposits of iron ore in India lie in Bihar, Orissa and Madhya Pradesh.
These are of the order of 15 billion tons. The rest of the iron ore depo-
sits is scattered in other parts of India.

Since Bangladesh has no iron ore deposition in its own territory
any iron producing project must depend on the import of iron ore from
abroad. India, our neighbouring country, has enormous deposit of ione
and she is now exporting this mineral outside. India is a developing
country and her iron and steel industries are rapidly developing. It will
not be wise to take it granted that she will be able to export iron ore
in the remot future.

The production of high grade iron ore in Malaya has continually
bejn increased after the second world war and has gone over 7 million
tons per year. The entire output of Malayan iron ore is being exported
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to Japan. With the present export rate of about 7 million tons per year
it is expected that her high grade ore reserves would soon be exhausted.

The second important raw material needed in making iron is Meta-
llurgical hard coke. Mineral survey project discovered large deposits of
coal in the Jamalgonj area of Bangladesh. This coal has been tested on
a laboratory scale by Fried. Krupp Rohstoffe, Essen. The Jamalpur coal
contains about 40% volatile matter and an average of 25% ash. These
characteristics show that jamalgonj coal alone is not suitable for produc-
ing blast furnace coke with a conventional coking process. Further tests
under the same organisation to produce metallurgical coke from Jamal-
gonj coal by non-conventional coking processshow that under certain
coditions it would be possible to produce forms of coke briquettes
having higher strength than coke. However all these tests were conducted
with small quantity of coal available at that time and the coal supply
may not be representative. As soon as the Jamalgonj coal will be avai-
lable in sufficient quantity, it is strongly recommended to carry out
extensive tests on a suitable pilot plant based on representative coal supp-
ly forthe production of coke briquettes and to ascertain suitability for
metallurgical purposes. It may happen that Jamalgonj coal may be blended
with imported oking coal of good quality to give a suitable coke of
required strength and lumpiness.

The countries having coaking coal deposits are India, West Germany,
South Africa, U. S. A. and Australia. The deposit of good quality coking
coal in India is limited and is getting exhausted with the expansion of
her own metallurgical industries. Therefore, it is not expected that India
will be in a position to export good quality coking coal. West Germany,
South Africa, U. S. A. and Australia have enormous deposits of coking
coal. Good quality coking coal may be imported from these countries but
the price per ton will be high due to transportation cost.

The third important raw Material in the industry of Iron & Steel
is lime-stone. Lime-stone is added with the blast furnace charge to pro-
duce fusible slag and to remove sulphur from the burden of blast furnace.
The sulphur content of the burden comes mainly from coke. Lime-stone
deposits exist jn Sylhet, oa St. Martin Island and in Jamalgonj coal
field. Sylhet lime-stone is being tapped for long for the production of
cement and for use at Chittagong steel mill. For purpose of any iron
and steel industry in Bangladesh, the required amount of lime stone
would be available within Bangladesh.
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The production of steel needs pig iron, scrap iron, ferro-alloys, lime,
fuel ect. Bangladesh does not produce any pig iron nor any ferro-alloys.
She entirely depends for her steel plant on imported pig iron and ferro-
alloys from abroad. As regards scrap iron, she also mainly depends on
imported scrap iren. Her local scrap is -very limited. In the initial stage
of her steel making at Chittagong Steel Mills, the local scrap was used
which was exhausted within short period. At present procurement of
local scrap is very limited. She, therefore, imports scrap iron from out-
side. The neighbouring countries are also in short supply of scrap and
are not in a position to export any scrap iron to Bangladesh. As a re-
sult Bangladesh is HOW buying scrap material from America or from far
distant countries with high transportation cost. In future, prospect of local
procurement of iron and steel scrap within Bangladesh will be limited.

Scrap :

,,,,. Scrap is a common term used for the secondary metals that have
been removed from service as they are no longer suitable for use in
their present form, and to metals, components or parts that have been
discarded at various stages of manufacturing units. Sometimes, a good
supply of casting shop return as scrap is available. These are defective
castings, runners, risers, unused metals, etc. Scrap comes out regularly
from the highly developed industrial countries where metals or their alloys
had been used in the form of castings, finished parts or components some
twertty to thirty years ago or so. After long use these materials in di-
fferent forms and in different places have now become obsolete in size
and shape and need replacement. Bangladesh had always been an agrarion
country and had no manufacturing unit nor she had used much of the
metallic materials or components within her present territory. As a result
a., very .little supply of local scrap is available in Bangladesh.

Fuel :
"~ 'Solid and liquid fuels are not yet tapped in Bangladesh. We have
coal deposits at Jamalgonj which are going to be lifted in the near future.
As for oil source, investigation is going on with a good prospect though
not yet confirmed. Bangladesh is now one of the newly added gas pro-
ducing countries in the world. Gas is being produced from four of her*
gas fi.Mds and the fifth will soon be commissioned. The total reserve s<?
far discovered is estimated over 8 trillion (1012) cubic feet. This reserve
is quite sufficient for the need' of any gaseous fuel in the reasonable
growth of Iron and Steel Industries in Bangladesh.
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A brief summary of the basic raw materials needed in the produc-
tion of iron and steel industries in Bangladesh is hereby given. Basides
the raw materials, the other factors viz. technical know-how and econo-
mical aspect are very intimately related and must be considered in the
study for the growth of any industrial enterprise for any country.
Considering all these and the experience of steel mill at Chittagong where
steel is being produced for over ten years, the following conclusion may
be drawn.

Both iron and steel making are highly capital-expensive idnustry and
as such for a developing country like Bangladesh, a serious thought must
be given before the actual initiation of the enterprise. At the same time
if there be an beginning, it should also be judiciously thought about the
size and shape of the project so that the present environment both techni-
cally and financially be in conformity with the present economical position
of the country. The operation and progress of those enterprises which have
already been completed will guide the country for her future planning.
It is not wise to have a big plant which has been functioning only 30%
of its capacity. It will adversely affect the economy of the country and
will be known as a 'White elephant'. The erstwhile East Pakistan Govern-
ment made a feasibility study for the increase of steel production in East
Pakistan by Fried. Krupp Industri-base, Essen, Germany in 1965 who ad-
vocated to erect a new integrated iron and steel works of 500,000 tons of liquid
steel per year adj icent to the plant of Iron and Steel Works, Chittagong. They
also forecisted that the steel requirement for the erstwhile East Pakistan would
b; about 625,000 (on by 1968, about 960.000 tons by 1973 and about
1,150,000 tons by the end of 1975. It is definitely a fantastic wishful thinking
for a country who has no tradition of iron and steel making that she would
raise her steel production over a million tons in ten years time. There
may be some examples in the world that some country might have in-
creased her iron and steel productioi over several milion tons in less than
ten years time but she might have definitely an age old tradition and history
of iron and steel making and her mineral resources and technological deve-
lopment are of different order. The capacity of Chittagong Steel Mills is
250,000 tons per annum. It is more or less working on imported materials.
It is over ten years that steel is being manufactured in this mill but it
has not yet reached 50% of its anticipated capacity. There may be some
bottlenecks in design and layout of the plant but irregular supply or pro-
curement of raw materials may be one of the major bottlenecks in raising
the capacity of steel production at Chittagong.
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Since Bangladesh has no iron ore of her own and she will be lacking
coking caoal even if in future coal is lifted from Jamalgonj Coal field
and since her technical know-how is also poor, it will not be wise for
her to go for any iron making plan by borrowed capital and imported
material. Iron making enterprise is a very costly project and any optimum
size project will require over 100 crores Taka in its starting. If there be
any constraint in its smoth running, it will adversely effect the economy
of the country than rather improve it.

. In the past we have so many projects in this part of subcontinent
during the erstwhile East Pakistan and the present Bangladesh but there
has not been any appreciable change of our economy. The reason obviously
is : what we plan to get, we do not get. Our calculation or estimation
may be exaggerated or wrong and thus we are doing more minus work
than positive addition. As for iron making industry, it can safely be
assumed that time is not yet ripe enough for Bangladesh to go for any
adventure in the immediate future

As regards steel industry, no developing country can go without steel.
For its multipurpose applications and uses, each nation should have some
steel making concern, big or small. We have fortunately a steel mill at
Chittagong which is not yet yielding its anticipated output. It will be
wise for Bangladesh to remove all its bottlenecks by introducing necessary
modification and modernisation in the form of continuous casting etc. and
if necessary by investing more capital with the present steel mill so that
we can soon go to our expected capacity. When we shall achieve this, we
can proceed with confidence for any future bigger plant.

'.'! U - -
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FOREWORD

The, Proceedings of the 4th and 5th Bangladesh Science Conference is
t°}ng to be in a three parts in combined volume 4 &5 : Part-1 contains
the General President and the Sectional Presidents Addresse's part II of Vol'
4 ft 3 contains the abstracts submitted from October to December 1978.
Part II contains 501 abstracts in seven different sections and contains an
author and subject index. Part-Ill which contains abstracts submitted from
October to December 1979, will be published subsequent to the Science
Conference and will contain more than 2C0 abstracts in seven different sec-
tions and will also have an author and subject index. I would like to express
my gratitude to the various sectional presidents for cooperating with me
for the production of this volume. I am also grateful to the Vicc-
C&racellor of the University of Rajshahi and Chairman of the Organising
Committee and also to the Dean of the Faculty of Science of Rajshabi
University and Organising Secretary of the Science Conference and many
others in the University of Rajshahi without whose untiring efforts the
Science Conference would not have been possible. I am also grateful to
the, President and the President-Elect of BAAS and to the members of the
BAAS Council who have actively supported not only in the Publication
of the Proceedings but also in bringing out the Bangladesh Journal of':
Scientific Research which is the regular journal of the Bangladesh Association
for the Advancement of Science. I would specially like to offer my thanks
to the Press who had printed the materials quite sometime ago and held on
to the printed materials for one year for final binding. This volume contains
significant observations by the President of BAAS and other Sectional Presi-
dents and hopefully will bring about increased awareness leading to more
productive research in Bangladesh in all the fields of science.

Dacca, March, 1980.
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