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IN SEARCH OF KNOWLEDGE
CSIR’S CONTRIBUTION TO SCIENCE

On. the occasion of the 40th Anniversary of Independence, the Council of
Scientific & Industrial Research has brought out a series of volumes /n Search of
Kmnviedge CSIR’s Contribution to Science. This 1s a selection of significant research
papers in different areas of science and technology published by CSIR Scientists in
national and international journals during the period 1950-83.

Citation analysis was used as the major criterion for eeicr'fi(;r of significant
scientific papers. Of the estimated 20,000 research papers published by i;if ER scientists
during this period, 3206 were selected by experts of National Laboratories on a
preliminary basis. The final selection based on different out-off citation numbers for
various areas of science comes to 304 an ali these papers '€ been pu hlhhﬁb in the 5-

volume series, the fifth volume provides and index for easy accessibility. An overview
for each area of science by an eminent expert has been included in ihe rcspekt‘
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volumes: I-—Biological Sciences; 11—Chemical Sciences; I11—Engineering Sciences,
iV-—Physics; and V—Earth Sciences.

These volumes represent the first attempt in India tc consolidate imporiant
research papers in science based on cic.atrm index ar.ahm They provide a usefui
overview of scientific research in India and will be ve rv useful to students, scholars and

researchers. These are very useful and informative and should find placein libraries of

the colleges/universities, scientific institutions. They also provide very useful
nformation for Industrialists/ Manufacturers, etc. The full set of 5 volumes with an
index costs Rs. 1000.00 only plus Rs. 100.00 as postage charges: Total Rs. 1100.00

You may please place an order for a set of these volumes by sending an amiount of
Rs. 1100.00 by Demand Draft/ Cheque drawn in favour of the “PUBLICATIONS &
INFORMATION DIRECTORATE, NEW DELHI-110012".

For details please contact -—

The Senior Sales & Distribution Officer
Publications & Information Directorate (CSIR)
Hillside Road, New Delhi-110012
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Self-sufficiency in 4
foodgrains. Production
increases more than three-fold. é

2

Electricity reaches three out of every
four villages.

Specia_l programmes

weaker sections.

Many
a milestone
crossed

Over ten crore people
brought above the
poverty line in

the last five years.

Small Pox, Plague
eradicated. Health

; facilities vastly improved.
anl
Better health- Longer
life.
Number of Educationa :
v Institutions and
1 their enrolment '
increased six times. "
(e y.. More and more people J
- read and write.
India among leading industrial PROGRESS THAT MAKES US PROUD
nations with produetion maving up at
9 per cent a year.
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‘ ” LETTERS » I

Leafy spices

Sir, This has reference to the article
Leafy spices by V. Prakash (S.R,,
January 1989). The article is educa-
tive and informative. However, I
would like to point out that in the
article Laurus nobilis (Family-
Lauraceae);is referred toas ‘Tejpat’in
Hindi. The Hindi name of Laurus
nobilis is Hab-el-ghar. In most books
[Umrao Singh, A. M. Wadhwani and

B. M. Johri (1983), Dictionary of

Economic Plants in India, 1CAR,
New Delhi; S. L. Kochhar (1986),
Economic Botany in the Tropics,
Macmillan India Ltd.] Tejpat is the
name of Cinnamomum Tamala.

Rajesh Arora
No I (M) RSIU
C/0 56 APO

puter memory by M. Ahmad and
“Science for the Young” were educa-
tive and informative. The life story of
the first American woman Nobel
Prize winner, Maria Goeppert
Mayer, was impressive. If you pub-
lish the story of life of a noted scient-

1st in each issue, it will be welcome. !

I hope that you will always publish
informative articles to win the hearts
of SR readers.

Anis Ahmad Ansari

H/o Lal Mohd. Kariman
Lane, Garulia

P.O. Garulia

Dist. 24 Pgs (WB) 743133

because we study ‘Pesticide residue
analysis’ in our Ph. D. programme.

Rajendra Kumar Jain

Research Scholar (Botany)

Dr H. S. Gour Vishwavidyalaya
Sagar-470003 (M. P.)

Computer memory

Sir, 1 thank Mukhtar Ahmed for
his article Computer memory (S.R.,
January 1989). I have also read other
articles on computer in your maga-
zine which were informative. 1 want
to read more on computer and its
applications, especially supercom-
puter.

Kaushik Bora |

Publicity Secretary
Guwahati Student’s
Science Society,

P. B. No. 105, Panbazar
Guwahati, Assam

Barbara McClintock

Sir, | read Barbara McClintock—
an American karmayogi by Dilip M.
Salwi (S.R., November-December
1988). It was informative, interesting
and educative. She was ignored
initially like Gregor Johann Mendel,
Charles Darwin, etc. But finally the
Nobel Prize was awarded to her in
1983 for the discovery of “Jumping
gene”. Her life shows that truth
finally prevails. Jumping gene can
also throw light on how cancer cell
develops, how bacteria become res-
istant to drugs and viruses work,
among other things.

Mirtunjay Kumar ‘Suman’

M. Sc. Botany

Magadh University, Bodhgaya
Gaya (Bihar)

Useful to everyone

Sir, 1 was in search of a good
science magazine which gives the
latest activities in science, when one
day I saw Science Reporter in the
bookstall of Sealdah railway station.
It was the January 1989 issue, Com-

Pesticide and environment

Sir, Thanks for publishing Pesti-
cide and environment by Meenakshi
Munshi (S.R., Aug. 1988). The arti-
cle gives information on pesticides
and their health hazards. This infor-
mation is certainly of use to us

Violation of wildlife protection act

Sir, Our club has come to know
that some endangered animals are
being sold at Patna. Golden langurs,
tiger cubs, leopard and bear cubs,
civet cats, slow loris, flamingos are
some of the endangered animals
caged in cramped, dingy accommo-
dation, fed enough to keep them
alive, and not a thought is spared to
their very high casualty rates. This
secret wild life bazar in Patna is on
for a long time. Mir Shikar Toli is
located about 11 km from the railway
station near Pathar Ki Masjid. The
dealers have a network of animal
trappers all over Bihar, Orissa,
Assam, and Nepal.

According to an estimate made in
1972-73, about Rs. 45 crores worth of
birds and animals are exported every
year from India. The Mir Shikar of
Patna contributes about 10% to 15%
of the birds and animals to this
annual export. The dealer supplies
birds and animals to private parties
in India as well as abroad.

India is a member of CITIES
(Convention on International Trade
In Endangered Species of Wild
Fauna & Flora). In other words, we
should not allow any trade (import or
export) of endangered species. Our
club wants to know how this' ruthless
trade is_still flourishing. We have a
right to demand the enforcement of
the Wild Life Protection Act.

S. P. Verma

Peacock Nature Club
B-92 ONGC Nagar
Mehsana—384001

To our readers and subscribers

We are bringing out this issue as a combined April-May 89 issue. Consequently
current subscriptions would be extended by one issue.

Editor

SCIENCE REPORTER APRIL—MAY 1989




The moon is at perigee or nearest to
the earth on Ist and again on 28th
HL¥ON and is at apogee or farthest from it on
13th. The lunar crescent becomes
first visible after the new moon day in
the evening of Sth.
The earth enters the summer
solstice on 2lst.

JUNE

Latitudes O'to 40N

The planets i
Mercury (Budha),is too near the sun
to be visible at the beginning of the : J
month. Thereafter it is visible in the |
morning sky and rises about an hour
before sunrise during the month. It
becomes direct on Sth. Itisin greatest
western elongation of about 23° from
the sun on 18th. It passes about 3°
north of the star Aldebaran (Rohini)
on the 23rd. It is in Taurus (Vrisha).
Its visual magnitude varies from +2.3
to —0.5.
Venus (Sukra), visible in the evening : ;
sky sets about an hour after sunset
during the first half of the monthand
about one and a half hours after it
during the second half. It passes
about 5° south of the star Pollux
. (Punarvasu) on 24th. It moves from
MAGTL?:E:E Gemini  (Mithuna) to Cancer
2ERO (Karkata). Its visual magnitude is
At Saturn about—3.9.
?ﬁ?::b SOUTH h Mars (Mangala), visible in the
dralhs evening sky sets about two and a half
hours after sunset during the first half
of the month and about two hours
after it during the second half. It
passes about 5° south of the star
Pollux (Punarvasu) on 7th. It moves
from Gemini (Mithuna) to Cancer

Mercury - 3h  49m 16.6N 3h Sim ISON 4h 17m 18.1N (Karkata). Its visual magnitude is
Venus 5h  40m 24.IN  6h 28m 243N 7h 22m 235N o bout +2.8

Mars 7h  29m 232N  7h  53m 222N  8h 19m 20.9N . : e
Jupiter 5h 02m 223N < 5h 1lm 226N  5h 2Im 227N Jupiter (Brihaspati), is too near the

Saturn 18h  55m ,222S  18h  53m 222S 18h /50m 22.3s sun to be visible during the first three
quarters’to the month. Thereafter it is
visible in the morning sky and rises
about an hour before sunrise during
the rest of the month. It is in

NOZIY¥OH 1SV3
WEST HORIZON

Planetary positions for June 1989

| 20th

1

Planets R.A. Decln. R.A. Decln. R.A. Decln

Date Ist 10th

Adopted from figures supplied by Positional Astronomy Centre, Calcutta

The moon
HE new moon occurs on 4th at north of Jupiter on 4th, about three

Y
&

1-23 a.m. and full moon occurs
on 19th at 12-27 p.m., IL.S.T. The
moon passes about nine degrees
north of Mercury on 3rd, five degrees

and a half degrees north of Venus on
5th, one and a half degrees north of
Mars on 6th and about four and a
half degrees south of Saturn on 20th.

conjunction with the sun on 9th. It is
in Taurus (Varisha). Its visual
magnitude is about—1.9.

(Contd. on page. 208)
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The primary objective of physics is to probe the underlying
principles governing behaviour of the physical world and to
explain how all observable events can be understood on the basis

DIPANKAR HOME

of these principles

(19 ATURE! Out 'of the simpl-

est matter it creates most
diverse things, without the slightest
effort, with the greatest perfection,
and on everything it casts sort of fine
veil. Each of its creations has its own
essence, each phenomenon has separ-
ate concept, but everything is a single
whole”— Goethe.

“The effort to understand the uni-
verse is one of the very few things that
lifts human life a little above the level
of farce and gives it some of the grace
of tragedy”—Steven Weinberg

Prologue

The inexhaustible variety and mul-
tifaceted complexity of natural phen-
omena always evoked a sense of
‘cosmic wonder’ in man. Poets, musi-
cians, artists and philosophers have
responded in their characteristically
different ways to nature’s recondite
mysteries. The scientific quest to
unveil such mysteries began with an
approach to grapple with their intric-
acies by dissecting and studying them
(Baconian maxim of the dissectio
nature) analytically as well as quan-
titatively. This approach, apart from

its overwhelming practical success,
has yielded rich insights into relation-
ships between the various disciplines
of intellectual endeavour. The sub-
ject of this article concerns physics
whose primary objective is to probe
the underlying principles governing
behaviour of the physical world and
to’‘explain how all observable events

can be understood on the basis of

these principles.

All physical phenomena are com-
prehended through our senses.
Hence it was natural that physics
evolved through classification of
these phenomena into mechanics,
heat, sound and optics. (The word
“physics” goes back to Aristotle who
wrote a book with that title; its origin
is the Greek word physis meaning

“‘growth’ or ‘nature’). In course of

time, interconnections were seen
among them and physicists preferred
to concentrate on the physical events
freeing them from the subjectivity of
senses. For example, light was consi-
dered ‘independent of the eye, con-
cept of colour was replaced by the
frequency of vibrations of light
waves. Heat and light were unified as

basically electromagnetic vibrations
of different frequencies. Sound was
divorced from the human ear and
replaced by vibrations of the physical
medium like air. A key epistemologi-
cal ingredient in all these methods of
analysis is the assumption that out-
comes of events are independent of
the measuring device. It gradually
became a cardinal tenet that physics
dealt with actual objects and events,
independent of their being observed,
and the principal aim was to discover
causal (connecting cause and effect)
laws governing real events .in the
external physical world. It was this
world-view of classical Newtonian
physics which came under searching
scrutiny following the advent of a
new system of mechanics for the
atomic and sub-atomic phenomena,
called quantum mechanics.

Quantum world

“Anyone who is not shocked by
quantum theory has not understood
it”— Niels Bohr '

Rarely in the history of science has
there been a theory as quantum
mechanics which calls for such a

Dr. Home is theoretical physicist at Bose Institute, 93/1, Acharya Prafulla Chandra Road, Calcutta-700009
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drastic revision of the seminal ideas
of the traditional philosophy of
science. Quantum mechanics (which
is now more than sixty years old) is a
strange theory. Despite tremendous
empirical success covering a wide
range of areas in the microscopic
physical world, it remains laced with
daunting conceptual difficulties.
Worrying doubts persist about its
subtle  interpretational aspects,
reflections on which continue to offer

“Anyone who is not shocked by quantum
theory has not understood it”

sharp contrast, quantum mechanical
formalism is inherently probabilistic
in character. Its basic equations do
not represent actual motion of parti-
cles (unlike Newtonian equations of
motion); they merely determine the
possible states of a microphysical
entity. On the basis of quantum
mechanical equations one can pre-
dict, in general, only the statistical
probability of experimental out-

comes. Suppose we have an atom in-

an excited state which is going to emit
light. Using quantum mechanics one
cannot predict exactly at which
instant it would emit light—we can
only estimate the probability of emis-
sion at any particular instant. This
feature is known as the indeterminis-
tic character of quantum mechanics.
The familiar concept of a locali-
sable point particle in classical phys-
ics is replaced in quantum mechanics
by an abstract mathematical object
called the ‘wave function’. The wave
function of a particle tells us the
probability of finding it at any given
place at a given time, or equivalently,
given a sufficiently large number of
particles, it tells us the fraction that
will be present at a given place at a
given instant. Standard interpreta-
tion of quantum theory (advocated
" by Niels Bohr and his school) goes to

-Niels Bohr (he extent of claiming that individual

What is quantum mechanics all
about? Well, to put it succinctly, it is
a systematic theory of microscopic
(that is, atomic and sub-atomic) enti-
ties and their related phenomena,
based on a set of self-consistent
mathematical rules supplemented by
appropriate physical interpretation. A
striking (and also jarring!) feature of
quantum mechanics is that its frame-
work does not embody deterministic
causality for individual events.

Let us now explain in simple terms
what is meant by deterministic cau-
sality: if relevant initial conditions are
known, one should be able to predict
the future events precisely. Classical
mechanics conforms to this principle
in the sense that if the state of an
individual particle (characterized by
its position and velocity) is accurately
specified at any instant, the state at
any other instant can be exactly pre-
dicted using the laws of mechanics. In

events at the microphysical level are
intrinsically indeterminate; the statis-

“Though quantum mechanics is free from
logical inconsistencies, it can at best be an
incomplete description of physical reality”

=Einstein

tical character of quantum theory
cannot be analysed any further and
that it is irreducible even in principle.
Notwithstanding this orthodox dic-
tum, the very fact that quantum
mechanics was unable to provide des-
cription of an individual micro-
object behaviour appeared unaccep-
table to many as the final state of
affairs. Some of the brilliant luminar-
ies in physics, including even Einstein
and deBroglie, found this feature of
quantum theory to be rather strange
and disturbing. The deliberate elimi-
nation of the question of causality
pertaining to individual events
became an issue of grave concern.
Einstein persistently propounded his
contention that “though quantum
mechanics is free from logical incon-
sistencies, it can at best be an incom-
plete description of physical reality”,
a deep and unshakable conviction
which he clung to for the rest of his
life.

To quote Max Planck, “When we
watch the waves on the seashore we
have every right to feel convinced
that the movement of every bubble
obeys strict causal laws, although we
could never hope to follow:its rise
and fall, even less to calculate it in
advance.” Following this outlook, it
is of course logically permissible and
conceptually viable to inquire
whether in the realm of atomic phen-
omena there is a deeper stratum to
reality where one can give a causal
description in space and time of indi-
vidual events; statistical predictions
of quantum mechanics would then be
viewed as an averaging effect over the
individual events. An important mot-
ivating idea in this direction is the
model according to which an atomic
entity is a localized particle acted on
by a wave which guides it /in its
motion. The action of wave on parti-
cle is determined by what is knownas
quantum potential whose expression
can be mathematically derived from
the basic equations of quantum

mechanics. An upshot of studies fol-

lowing this approach is the realiza-
tion that many of the. known
single-particle quantum phenomena
can be self-consistently interpreted
on the basis of the above model
which provides causal description of

SCIENCE REPORTER APRIL—MAY 1989
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individual events in space and time.
The key question, however, remains:
“Do such models have (if at all) testa-
different

ble consequences from

“When we watch the waves on the
seashore we have every right to feel convinced
that the movement of every bubble.obeys strict
causal laws, although we could never hope to
Sfollow its rise and fall, even less to calculate it
in advance.”

-Max Planck

those predicted by standard quantum
theory?” Investigations purporting to
shed light on this question are cur-
rently in progress.

Realism and quantum theory

“l think the important  and
extremely difficult task of our time is
to try to build up a fresh idea of
reality.”— Wolfgang Pauli

Classical concept of realism is
based on our everyday experience
with the familiar macroscopic world.
At the core of it is an intuitively
obvious notion that all the physical
properties of an individual object
have definite numbers associated
with them at every instant of time,
irrespective of whether or not they
are being measured. In classical phys-
ics it is necessarily assumed that there
is a complete mathematical picture of
the object, which is exactly equival-
ent with all possible knowledge of the
object itself; measurements merely
reveal the individual values of physi-
cal properties which exist independ-
ent of measurements. On the other
hand, the standard version of quan-
tum theory implies that the process of

measurement on microphysical enti-
ties ‘creates reality’ associated with
their dynamical properties that did
not exist prior to measurement. One
of the central doctrines of quantum
theory is that objective reality cannot
be associated with the unobserved
dynamical -properties (like position,
velocity, energy) of microphysicil
entities; reality lies only in the exist-
ence of the entities themselves and
their static innate properties like
mass, charge. Even when measured,
not all dynamical properties of a
quantum system can, in general, be
ascribed sharp values at the same
time. The classical equation “reality
equals sharpness of all physical
attributes in the mathematical des-
cription” is no longer valid in quan-
tum theory.

The repugnance with which many
encounter the above mentioned fea-
ture of quantum theory may be some-
what alleviated by the fact that the
microphysical entities such as elec-
trons or atoms are very far removed
in scale from our familiar everyday
macroscopic objects like tables,
chairs. The standard interpretation

“I think the important and extremely
difficult task of our time is to try to build up a
fresh idea of reality”

-Wolfgang Pauli

of quantum theory advocates the
viewpoint that we should not ascribe
to those microscopic entities the
same kind of conceptual status we
would to such everyday objects.
Hence there appears to be an abrupt
qualitative ‘distinction between the

microscopic and macroscopic levels
of ‘physical reality. Standard quan-
tum theory inevitably implies this cut
or discontinuity and does not provide
any clear-cut answer as to how and
precisely at what stage does the quan-

tum mechanical description at the

microscopic level get converted intoa
classical realistic one at the macros-
copic level. One may ofcourse argue
that if quantum' mechanics is to be
regarded as a universal theory of the
physical world we are prima facie
entitled to extrapolate it to the scale
of the macro-world. But thensuchan
extrapolation inexorably leads to an
acute conceptual incompatibility
with the classical notion of realism.
This is most glaringly manifested if
one tries to analyse the measuremen-
tal interaction (involving the mea-
sured microphysical entities and the
measuring apparatus which is neces-
sarily macroscopic) within the frame-
work of quantum mechanics. A
measurement, after all, is a physical
process and whatever happens due to
it ought to be adequately explained
using the relevant theory by treating
the observed system and the measur-
ing apparatus on the same footing. A
definite outcome of a single measure-
ment clearly indicates that as a result
of it a macroscopic apparatus must
definitely be left in one particular
state. That this obvious fact is not in
conformity with a straight-forward
extrapolation of quantum mechani-
cal formalism to the macro-level for
describing measurement processes is
the crunch of what is known as the
quantum measurement paradox. To
put it in other words, application of
quantum, mechanics at the macros-
copic level seems to deny objective
reality of the state of an individual
macroscopic apparatus at the end of
a measurement process. This makes
many inclined to suspect inadequacy
of the conventional framework of
quantum mechanics as a total world-
view.

The problem of making a concep-
tually smooth connection between
the quantum mechanical formalism

which has been so spectacularly suc-

cessful at the atomic level and the
realistic classical description we
employ in everyday life is the one

192
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whose resolution will provide one of
the next crucial breakthroughs in get-
ting out of the present conceptual
impasse and sharpening our under-
standing of the nature of physical
reality. Some physicists cherish the
hope that in the end a much more
intuitively acceptable and philoso-
phically satisfactory description of
the physical world will emerge that
will supersede the quantum theory:
The quantum mechanical formalism
will then appear, with hind sight, to
be merely a convenient package of
recipes which happened to give the
right answers for the types of experi-
ment feasible at this point of time.
Who knows, there may be major sur-
prises in the offing.*To quote Robert
Frost: “We dance around a ring and
suppose, but the secret sits in the mid-
dle and knows.”

Epilogue

“The point is not to pocket the
truth, but to chase it"—Elio
Vittorini.

It seems appropriate to conclude
with relevant excerpts from an inci-
sive conversation between Albert
Einstein and the Indian philosopher-
poet Nobel Laureate Rabindranath
Tagore on the nature of reality. This

dialogue conveys a flavour of the del-

icate complex aspects and subtle phi-

Tagore and Einstein

losophical predilections concerning
this absturse issue which are deeply
reflected in the developments of
modern physics.

Einstein: I cannot prove that scien-
tific truth must be conceived as a
truth that is valid independent of
humanity; but I believe it firmly. I
believe, for instance, that the Pythag-
orian theorem in geometry states
something that is approximately
true, independent of the existence of
man. Anyway, if there is a ‘reality’

‘independent of man, there is also a

truth relative to this reality; and in
the same way the negation of the first
engenders a negation of the existence
of the latter........ Even in our every-
day life, we feel compelled to ascribe
a reality independent of man to the
objects we use. We do this to connect
the experiences of our senses in a
reasonable way. For instance, if
nobody is in this house, yet that table
remains where it is.

Tagore: In the comprehension of
truth there is an eternal conflict
between the universal human mind
and the same mind confined in the
individual. The perpetual process of
reconciliation is being carried on in
our science, philosophy, and ethics.
According to Indian philosophy
there is Brahma, the absolute truth
which cannot be conceived by the iso-

lation of the individual mind or des-
cribed by words. But such a truth
cannot belong to Science. What we
call truth in Science lies® in the
rational harmony between the sub-
jective and objective aspects of real-
“ity, and can only be reached through
the process of logic; in other words,
by an organ of thoughts which is
human.

It is not difficult to imagine a mind
to which sequence of things happen
not in space but only in time, like the
sequence of notes in music. For such
a mind its conception of reality is
akin to the musical reality in which
Pythagorian geometry can have no
meaning. There is the reality of
paper, infinitely different from the
reality of literature. For the kind of
mind possessed by the moth which
eats that paper, literature is abso-
lutely non-existent, yet for Man’s
mind literature has a greater value of
truth than the paper itself. In a sim-
‘ilar manner if there be some truth
which has no sensuous or rational

_relation to human mind it will ever

remain as nothing so long as we
remain human beings.

(Details of this conversation can be
found in the book The Religion of
Man by Rabindranath Tagore)

Further reading
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Quantum Mechanics, (Wiley, New
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2. Quantum Implications: Essays in
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(1987).

3. Niels Bohr—A Centenary Volume,
Eds. A. P. French and P. J. Kennedy,
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(1985).

4. Quantum Concepts in Space.and
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5. Microphysical Reality and Quan-
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F. Selleri,
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- Making best use

Wastewater

PARITOSH C. TYAGI
M. SENGUPTA
S.P. CHAKRABARTI

Recycling and reuse are the two key words
~which often go hand in hand in the modern
technology of wastewater managemerit

RESH water which is essential

for sustaining life on earth con-
stitutes only a small fraction of the
earth’s total water supply—only
about 2 per cent of the total. Nearly
all of this, about 1.998 per cent of the
total, is locked in the masses of polar
ice-caps, «glaciers and clouds. The
remaining small fraction, about
0.00192 per cent of the total, is found
in the lakes, wells and underground
reserves of the world, which is tapped
by mankind for various uses.
Humanity is, ‘therefore, left with a
very small fraction—only one tea
spoonful of sweet water for every five
litres of total water.

Water is the most essential com-
modity for human consumption and
also for industrial use. Probably
because it is the cheapest to purchase
in countries like India, it also tends to
be extravagantly used.- Water is
mostly employgd for supporting life
(drinking); as a general-purpose car-
rier to maintain active systems, as in
electroplating; to remove unwanted
materials, as in vegetable processing,

or to transport materials or energy,
for example in cooling water. The
overall effect is generally to down-
grade water by adding contaminants
or pollutants.

Recycling and reuse

These are the two key words which
often go hand in hand in the modern
technology of wastewater manage-
ment. ‘Recycling’ is frequently
defined as the internal use of waste-
water by the original user prior to
discharge to a treatment system or
some other point of disposal. The
wastewater is recovered, treated or
untreated, and then recycled for
repetitive use by the same user. Each
recycling may be through a succes-
sion of lower quality uses with little
or no treatment as part.of the cycle,
or it may include treatment to main-
tain a certain quality. The term reuse
is applied to wastewaters that are dis-
charged and then withdrawn by a
user other than the discharger. Was-
tewaters potentially available for
reuse include discharges from munic-

ipalities, industries and irrigation.
The reclaimed waters are generally
used for (1) irrigation, (2) cooling, (3)
alga and pisciculture, and (4) other
industrial uses. Various intentional
reuses that are considered feasible are
shown in Figure 1.

Although India is predominantly
rural, it has still a large population
(about 15 crore) living in its urban
areas. These urban centres are also
the nuclei of industrial growth. Since
growth is an unavoidable element in
human survival, society has to live
with its by-products—the wastes.

Municipal wastewater

The class I cities (population above

| lakh) and class I1 towns (popula-
tion between 50,000 and 1 lakh) in
India constitute about 70 per cent of
the urban population. The numbers
of class I cities and class 11 towns,
according to 1981 census were 212
and 269 respectively, and the rate of
increase is estimated at 50 and 40
percents respectively in a span of ten
years. By the turn of this decade,

New Delhi.

Dr. Tyagi is Chairman, Dr. Sengupta is Scientist, and Dr. Chakrabarti

is Environmental Engineer at Central Pollution Control Board
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Table 1. Recoverable matter from industrial wastewaters

S.N. Industry

Recoverable matter

1. Pulp & ‘paper

2. Fertilizer (Phosphatic)
3. Petro-chemicals

4. Electroplating

5. Coke oven

Ligno-sulphonate, sodium salts

Calcium sulphate, fluoride

Acetone, carboxylic acid

Chromium & Nickel salts, Silver cyanide
Ammonia, Ammonium sulphate, naphthalene,

phenol, tar, aromatic organics

6. Dyestuffs

Anthranilic acid, methylaniline, potassium

& Sodium hydroxide ;

7. Textile
8. Distillery
9. Rayon

Caustic soda
Potassium salts, yeast
Zinc, Sodium sulphate

Table 2. Wastewater generation from di‘fferent types of industries and

achievable reuse

Industry Average volume of wastewater Percent reuse
per unit of products achievable
Thermal Power Plant 155%103 lit/hr/ MW 98
Pulp and Paper 250% 103 lit/tonne 50
Iron and Steel 150%103 lit/tonne 40
Pharmaceuticals 4.5% 103 lit/ kg 40
Distillery 15 lit/lit of alcohol - 25
Textile 250 lit/ kg of cloth 15
Tannery 34 lit/ kg of raw hides 12

these two categories may total about
700 and the amount of wastewater
generated may be 18,000 million
litres per day. Barring a few cases,

“almost all the cities are discharging
the wastewater untreated into natu-
ral water courses thereby polluting
them. These effluents contain enor-
mous amount of nutrients which go
waste alongwith the large quantities
of water which could be reused in
agriculture.

Municipal wastewater generated
from 27 class I cities in the Ganga
basin has been estimated at 902 mil-
lion ‘litres per day. The revenue,

which could be derived from this
huge volume of sewage after initial
treatment through generation of
energy, sale of manure, production of
alga (for poultry-feed) and fish,
growth of hyacinth for bio-gas pro-
duction, and finally, sale of treated
effluent for irrigation, besides pollu-
tion control, has been estimated at
Rs.37.00 per capita.

Industrial wastewater

According to a recent survey con-
ducted by the Central Pollution Con-
trol Board, New Delhi, the total
number of large and medium water

Table 3. Benefit of recovery system in industries

Industry Total Waste-  Total cost Net Annual Investment  Remarks

water Flow of plant  Recovery Payback

(m3/d)  (Rs.x10%) (Rsx103) Period Yrs.
Textile Industry 6450 4625 4375 1.05 Recycle in process
. house
Alcohol Industry 1725 2250 975 230 Reuse of energy in
process house

Food Processing 1460 10500 4250 2.47 Recycle for irri-

: gation/ process
house and reuse
of energy

4500 200 36 : 5.5 Recovery and Reuse

Viscose Rayon

of Zinc; Foreign
Exchange saving

Source: Personal communication from Dr. P. Khanna, Director, NEERI, Nagpur.

polluting industries in the country is
around 4000, out of which about 50
percent have efflucnt treatment sys-
tem, but their performance is, in most
cases, found to be far from satis-
factory.

There is now a global awakening
on pollution control through recov-
ery of reuseable matter from waste
effluents. Salvaging or recovery of
useable materials and by-products
could contribute towards saving of
expenditure on the one hand and pol-
lution control and abatement on the
other. Reuse of wastewater within
the industry would help in minimisa-
tion of freshwater requirement and at
the same time reduce wastewater
volume for final treatment before dis-
charge, deriving economy at both
ends. Benefit of the recovery systems
in different industries is lucrative as

“well.

Technology for reuse/recycling/

iecovery

Control of pollution at source to
the maximum extent possible, with
due regard to techno-economic feasi-
bility, would necessitate recycling of
wastes at every stage of production.
In case of metal processing indus-
tries, the waste effluent mainly con-
tains the recoverable metals which, if
not extracted, are lost in aqueous
solution, resulting in pollution. Tak-
ing nickel, zinc, etc., as examples,
there are various techniques for
metal extraction from waste effluent,
e.g., precipitation, electrolysis and
lon-exchange. In case of manufac-
ture of organic chemicals, recovery of
organic chemicals is possible. In fact,
recovery of dilute acetic acid, re-
sorcinol and meta aminophenol,
cumene, alphamethy styrene, etc., is
being done in India. This needs to be
applied even more effectively and
without exception.

The process industries are the
major users of water and can recycle
water or reuse it for some light-duty
purpose. A flow diagram of possible
alternatives-in factory water supply,
reuse and disposal is shown in Fig. 2.
Cascade concept is adopted reusing
water discarded from a process
requiring higher purity to a process
requiring lower purity. If required, a
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Fig. 4. Recycling of zinc sulphate in rayon manufacturing process

sulphuric acid. A number of pro-
cesses have been developed for regen-
eration of hydrochloric acid, all
based on the hydrolysis of ferrous
chloride at elevated
according to the following equation:

simple treatment process may be
interposed between the processes.
Water reuse is more economical if
included at the design stage than it is
by modification of an existing
system.

Metal recovery from specific metal-
bearing wastewater

Nickel can be extracted fromaque-.

tive reactions to remove . the
impurities followed by electrolysis
(Fig. 3). Another area which has
attracted considerable attention is
the recovery of zinc or zincchemicals
from the wastewater of rayon manu-
facturing industry (Fig. 4).

Recently hydrochloric acid pic-
kling has been successfully intro-
duced, and although the acid costs

ous effluent by a series of pre(;ipit’a; ﬁq;ore, it is more readily recycled than

temperature,

4 FeCl, + 4 H,0 + O, (air) —
2 Fe;0; + 8 HCI

The iron oxide is returned to the
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Regulatory requirements
for recvcle/reuse

N the Water (Prevention and
Control of Pollution) Act,
1974, the function of the State Pol-
lution Control Boards are stated .
as follows:

— To evolve methods of utiliza-
tion of sewage and suitable
trade effluents in agriculture;

— to evolve efficient methods of
disposal of sewage and trade
effluents on land, as are neces-
sary onaccount of the predomi-
nant conditions of scant stream
flows that do not provide for
major part of the year the min-
imum degree of dilution; and

— to evolve economical and relia-
ble methods of treatment of
sewage and trade effluents hav-
ing regard to the peculiar con-
ditions of soil, climate and
water resources of different
regions. g

iron-making process and HCIl gas is
condensed to acid and returned to the
pickle line (Fig. 5).

Recovery and reuse of organic
solvents from the waste

In most of the organic chemical
manufacturing industries, ®solvents
are widely used either in the end pro-
ducts or as reagents. In-plant recov-
ery and reuse is the common practice.
But at the end when further repro-
cessirg of the solvent is impossible, it
goes as waste effluent. The commer-
cial’. enterprises generally purchase
such waste effluent (because conven-

tional aqueous treatment is rarely -

possible) in order to recover the sol-
vent for reuse. The solvent recovery is
usually done by different kinds of dis-
tillation processes, e.g., simple,
extractive, vacuum, semi-continuous
and batch distillations.

Recovery of lignosulphonate from
pulp and paper mill wastewater

Lignosulphonate is the most popu-
lar and versatile by-product pro-
duced in sulphite and bisulphite
pulping (which is not done in India
except in one or two industries). This

SPENT PICKLE LIQUOR
(~20°s FCC‘z, 5°/o.HC‘)

—1 PREHEATER

4

HYDROLYSIS
HOT AIR IRON OXI
. REACTO:? ON_OXIDE
~700°C
CYCLONE

o

WATER cmmmeis

HYDROGEN
CHLORIDE
ABSORBER

e STACK

REGENERATED
HYDROCHLORIC
ACID

(18 -20 % HCI)

Fig. 5. Hydrochloric acid pickle liquor regeneration

chemical may be recovered and puri-
fied by the use of membrane techni-
ques such as reverse osmosis (RO),
ultrafiltration (UF), or electrodialy-

sis (ED). Research is being con-

ducted in India on membrane
performance eyaluation on_ long-
range basis, on the feed pretreatment

requirement, and on the separation, -

purification and recovery of lignosul-
phonates from spent sulphite liquor
with the help of UF-coupled diafil-
tration process. :

The 4-R concépt

In a wiser community, the waste-
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waters receive some form of terminal
" treatment before application on land.
The remaining nutrients, organics
and water enter the natural system of
recycling and used by plants and
microbes of soil or retained by soil. In
the process excess water percolates
through the soil medium, gets reno-
vated, and ultimately recharges the
groundwater. This groundwater is

again abstracted for reuse as water
supply to the community. Recycling,
renovation, recharge and reuse in the
above process are collectively termed
as the “4-R concept.” :
The principle of reuse/ recycling of
wastewater differs from the age-old
sewage farming practices as the pres-
ent technology, called ‘Land treat-
ment’, means “controlled application

Fig. 6. Schematic presentation of different land application systems

of pretreated wastewater on land sur-
face to achieve a designed degree of
treatment through natural bio-
geochemical process within the
plant-soil-matrix.” Three systems for
this type of wastewater reuse are: (1)
slow rate (SR), (2) rapid infiltration

‘(RF), and (3) overland flow (OF).

The conceptual diagram for the three
systems are shown in Fig. 6.
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Objectives of the above systemsare ® Water conservation.

summarized as follows: S :
Rapid infiltration system . 5

e Groundwater recharge;
e Recovery of renovated water.

Slow rate system

® Treatment of applied wastewater
based on assimilative capacity of _ :
soil; . Overland flow system

®  Economic return from reuse of e Wastewater treatment with the
water and nutrients to produce - help of low permeable and sloping
marketable crops; and land;

OXIDATION PONDS

] | RENOVATION |}
,4/ RECHARGE / / -

curbed by factory owners themselves

Fig. 8 The Four-R concept

‘market through recycling/ reuse/ rec-

e Recycle of the renovated water
from the system; and
e Crop production.

Recreation, energy production,
aquaculture and pisciculture ‘are
some of the other alternatives for
reuse of the treated wastewater (Fig.
7) which have been adopted in. the
Ganga Action Plan. The selection of
technology, either in isolation or in
combination, has to be made in con-
sideration of local factors.
Concluding remarks

With the advent of rapid indus-
trialisation to keep pace with the
developed countries, more and more
industrial products/ human utility
items are being manufactured, and
wastes and pollution problems are -
created in the process.

Industrial pollution can best be

(in their own interest) by complying
with the pollution control regula-
tions. It will also help them cut down
cost of production in the competitive

overy of resources which are becom-

(Contd on p. 208)
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. The use of tobacco kills approximately two and
a half million people each year throughout the
world and constitutes the largest preventable

cause of death today

MOKING involves inhalationand

exhalation of the fumes of
burning tobacco of cigarettes, cigars,
pipes or of the oriental ‘hookah’. The
use of tobacco is one of the foremost
public health problems of the day—it
kills approximately two and a half
million people each year throughout
the world and constitutes the largest
preventable cause of death today. It
causes many cancers, varied heart
associated diseases, chronic bronchi-
tis and emphysema, to list a few.
Taken in whatever form, tobacco
smoking is a dangerous and expen-
sive addiction.

It is a common belief that smoking
was first practised by the (Red) Indi-
ans of the Western hemisphere. Orig-
inally perhaps smoking started as a
religious ritual though later the use of
tobacco (both smoking and chewing)
eventually became a world-wide vice.
Today, smoking, which by far consti-
tutes the most popular use of
tobacco, has touched menacing pro-
portions everywhere and hence is jus-
tifiably attracting attention of health

planners. North Americans alone use
about 50 billion cigarettes yearly. In
North America alone, more than 25
million dollars a day are spent on
cigarettes alone—a sum which could
easily provide enough of food for
almost 50 billion hungry people a
day. Despite mounting evidence of
the health hazards of tobacco as well
as of smoking, and despite a com-
plete ban on smoking by certain reli-
gious groups, world-wide production,
manufacture and use of tobacco are
increasing.

It is documented that ‘by the end of
the Sth century, the rulers of Andalu-
sia (present day Spain) were aware of
the hazards of tobacco and had proh-
ibited its use, threatening smokers
with amputation of the nose, or.even
death’. In Constantinopole, in the
17th century, smokers used to be
paraded through the streets on don-
keys before they were hanged. Still,
tobacco addiction survived—in fact
flourished then on.

Though in many developed coun-
tries smoking is on the decline some-

- A hazardous

addiction

K.C. KANWAR
JYOTIKA KANWAR

what, it i3 on the increase in
the developing and underdeveloped
countries where tobacco consump-
tion has been increasing by about 5%
annually. Rough estimates suggest
that for every person who quits
smoking in the United States or
Europe, two start smoking in the
developing world. Asian countries
now account for about half of all US
overseas tobacco sales, replacing the
UK and West Germany as the leading
export markets. Whereas in the UK,
there was a drop of 27% in the
number of cigarettes consumed bet-
ween 1964 and 1975, tobacco use
in China, for example, has doubled in
the past 20 years. Further, according
to WHO estimates, the tobacco sale
in Asia will increase at least by 18%
more.by the year 2000 despite global
efforts to stall smoking. China, which
supports world’s largest population,
also holds the dubious distinction of
being the country with the world’s
largest number of smokers and also
world’s largest grower of tobacco. In
South Korea, tobacco consumption

Sh. Kanwar is with the Deptt. of Biophysics, Panjab University, Chandigarh; Ms Jyotika Kanwar is with Christian Medical College,

Ludhiana (Punjab).
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has ‘increased by 45% in the past 20
years. India, the third largest tobacco
producer in the world, though, has a
low per capita cigarette consump-
tion. But here 70% of the consumed
tobacco is used by means other than
cigarette smoking, for example,
smoking as ‘bidi’, ‘chutta’, ‘dhumati’
and also in clay pipes and ‘hookah’,
chewing as in betel quid with lime
alone or mixed with areca nut, and as
snuff (nasal application), all of which
certainly are no less dangerous. A
particularly distressing development
in developing countries is the grow-
ing number of women and teenagers
taking to smoking,

Tabacco—a dangerous drug

Tobacco deserves to be classed
amongst dangerous drugs and smok-
ing as a serious health hazard which
has already taken a toll of millions of
human lives. Almost 95 per cent of all
cases of lung cancer, 75% of chronic
bronchitis, and emphysema and 25%
cases of ischemic heart diseases are
caused by smoking alone. Death due
to heart diseases among US men who
smoke cigarettes is about 10 times
higher than in men who do not smoke
(US Surgeon General’s Report 1979).
Further, for all smokers risk of death
increases progressively with the
number of cigarettes smoked. On the
basis of an average reduction in life
‘expectancy for cigarette smokers of
5-8 years duration it has been esti-
mated that an average of 54 minutes
of life is lost for each cigarette

smoked. One recent analysis of moi- §

tality suggests that differences in the
incidence of cigarette smoking
-between men and women over the
age of 30 is the overwhelmin _ cause

of overall male and female ongevity g

differences. According to WHO esti-
mates, at least 2.5 million people die'
every year from tobacco related dis-
eases. A recent survey conducted By
WHO collaborating Centre for Oral
Cancer Prevention, Tata Memorial
Hospital, Bombay has shown that
even by the most conservative esti-
mates, 19% of all deaths among men
and 4% among women can be attrib-

uted exclusively to tobacco. Using

mi_ddle level estimates, according to
this survey, ‘almost one third of all

- Fig. 1. Painting made by Van Gogh some 80

deaths can be attributed to tobacco’.
Tobacco related deaths in India, this
survey estimates, could even be
higher, approximating 1 million,
since data from the rural areas do not
reach statisticians. In addition, many
more live on with ‘crippled lungs and
overstrained hearts’ thereby leading
subnormal lives. Health hazards
apart, smoke in the environment is a
nuisance; exposure to it brings dis-
comfort to non-smokers.

It should be borne in mind that it
does not take years for smoking to
affect one’s health. Even a few puffs
now and then can hurt. Just one
cigarette speeds up your heart,

increases blood pressure and respira-
tory rate, upsets the flow of blood
and air in your lungs and causes a
marginal drop in skin temperature,
especially on the extremities such as
tips of fingers and toes. Cilliary

T S

years ago highlighting tobacco health
hazards :

movement in the respiratory tract
which normally works like brooms to
sweep out germs, mucus and dirt
from the lungs are adversely affected
by smoking. Smoking of even one
cigarette makes the cilia temporarily
sluggish and impairs their brooming
operation. Inhaling smoke for long
paralyses cilia completely with
serious resultant consequences.

< ‘S‘urveys done in the 50s and 60s in

some of the developed countries have

established that smoking accounted

for a high incidence of deaths from
lung cancer and other diseases such
as pneumonia, coronary artery com-
plications and even cirrhosis of liver.
They have also revealed that pipe and

cigar smokers, especially those who

do not inhale deeply, are less prone to
lung cancer than cigarette smokers,
but they become more prone to lip
cancer. Even those who do not smoke
but chew tobacco, run a significantly
higher risk of cancer of the oral cav-
ity. Whatever be the mode of tobacco
use, it is poisonous every way.
Nicotine (C10H 14N2)—the potent-
killer in tobacco—is a liquid alkaloid
extracted from the leaves of tobacco,
Nicotiana tabacum and Nicotiana
rustica. It is a colourless or feebly
amber coloured compound which
picks up moisture from air quickly. It
has a ‘strong tobacco odour and

intensely bitter and burning taste. It

has a boiling point of 123°-125°C
under 15mm-20 mm Hg and a density
of 1.0097 at 20°C. Nicotine is highly.
toxic; its toxicity can be judged from
the fact that a very weak solution of
nicotine is used as an agricultural
insecticide. A fraction of a nicotine
drop can kill a dog. Symptoms of
nicotine toxicity in humans include
extreme nausea, vomiting, evacua-
tion of intestines and urinary
bladder, mental confusion and con-
vulsions. Nicotine gets absorbed
through unbroken skin as across
mucus membranes and hence free
spilling of this compound on skin
could be hazardous. The oral lethal
dose of nicotine is around 50-60
mg/ kg body wt.

Tobacco and health hazards

The contention that smoking is a
health hazard is as old as the use of
tobacco, but still, smoking flourished
everywhere. The earliest report
against tobacco perhaps was pub-
lished in 1859 which mentioned that
68 patients in a hospital in Montpel-
lier (France) who had cancer of the
lips, tongue, tonsils or other parts of
the mouth all used tobacco and that
66 of them smoked short-stemmed
clay pipes. Not much was heard
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about the bad effects of tobacco on
health until cigarette smoking
became widespread especially fol-
lowing the two World Wars. Soon
thereafter, it was universally estab-
lished that in countries where
cigarette smoking was more popular,
deaths from lung cancer and other
respiratory distresses were signifi-
cantly higher.

By early sixties, following many
surveys primarily conducted by the
American Cancer Society, the British
Medical Council, Royal College of
Physicians, London, and many sim-
ilar establishments in other Euro-
pean countries, direct relationship of
tobacco with many major and minor
human ailments was established.
Tobacco use was universally con-
demned as a major cause of human ill
health. It also became evident that
increase in death rate amongst smok-
ers was directly proportional to the
number of cigarettes consumed.

In 1964 was released one of the
most exhaustive reports on the sub-
ject by the U.S. Surgeon General
which concluded that cigarette smok-
ing was  associated with a 70%
increase in the lung cancer death rate
for American males during 1950-60.
This report related smoking with not

only lung cancer but also with coro-
nary-artery disease, chronic bronchi-
tis and emphysema. Pipe smoking
was linked to lip cancer. In the US,

Federal legislation was passed in

1965 requiring all cigarette packages
sold after January 1966 to carry
health hazard warning labels.
Cigarette advertising on television
was banned beginning Januawry 1,
1971, and thereafter various recog-
nized societies, viz., American
Cancer Society and Heart Associa-
tion mounted an intensive campaign
against smoking. Many more studies
were taken up on expanded basis to
work_ out intensively the role of
tobacco in various ailments. By this
time, quite a few British reports had
also concluded that cigarette smok-
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