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EDI TORI AL

METHODS OF | NCORRECT EVALUATI ON

Various institutions of any modem society
rest an religble methods of testing ad evalustion
that have scientific besis. Assessmant of qality
ad quantity relates to a variety of things such
as anarding of narks to aswer soripts, selection
of people for rcruitment and promotion by
interviers ad other kiros of oral tests, ressarth
and development, publications and project
proposals, measurements of various properties
of materials, coriteria for evaluation of nettal
ad physical coditions of patients, athletics,
gares, performing arts, states of enviroment
and economy in the country, law and order,
cinera ad theatre ad others. Correct evalluation
IS a comer-stae of science whose gl is truth.
In institutions, the main goal is the overall
interest of the Institution. Assesstent of team
performence is alveys nore difficult.

Scienafic ealuation of gality ad/or qentaty
nmust be based only on rational, dbjective ad
transparent criteria to help gererate correct
coclusions ad decisions. In this sense, the
approach is different from those used for
cecisiaHeking in politcs, judical proosadings,
military campaigns and firencial affairs where
often “winning” is the main notivating force
and short term goal . Bvaluation can be formal,
informal, statutory or optional. Random
criticisms of individuals are often eamples of
unnecessary and uncalled for haphazard
evaluation. Brttemess about goparently faulty
assesstent and subjective bias is camonplace
in all irstitutions. A ngjor derotivating foroe,
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this is a matter of concerm and unhappy
employees often outnumber the happy ones.
Coviously, Incorrect evaluations are not rare
and the subject merits a serious discussion.
Origins of sare methods of incorrect evaluation
are disoussed here. Sore of the idees presented
are based on published literature on related

cs.

EVALUATI ON OF | LL- DEFI NED

PARAMETERS

It shauld be noted that in many instances,
circunstances require evaluation of some
apparently vague criteria also e.g. style,
personality, sense of aesthetics, humour,
smartress, reflexes, etc. Necessarily there is
subjectivity but even then these can also be
meesured using trained evaluators as neters if
proger guidelines, methods ad training are set.
Thus, there is routine grading of gymeasts,
divers, ice skaters in various conpetitions
although there are no readily measurable
parameters such as weight, height, distance,
legth, tire, etc. In tee Sorts, the nain ariteria
are style, grace, degree of difficulty or risk
tEen 1.e. daing, g, reflex, inovaton, etc.
A parel of trained eqerts declares Its erdict
sinultaneously by pressing buttons to give aut
soores ad an average taken. There are routine
evaluations in the field of performing arts,
painting ad sculpture, architecture, tastes of
aoffee, tea ad alodolic drinks, perfurery ad
ocooking. Bxperts anard numerical grades even
for various couttries In terms of indices of
civilization including “hgpiness’. In hgpiness
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scale, India ranks aroud 150 (almost the sae
as FIFA rarking in soooer) wheress In corryption
scale, it does better-being ranked 83. Some
developed countries obsessed with grading
everything evaluate hotels and restaurants,
dressss, ladies” ees, legs, hairstyles ad hats,
intelligence and even degree of marital bliss
(e-g- “‘Marriage 66 peroent suoosssful™they can
arcluk after elaorate tests). Now all countries,
developed and under developed, have “beauty
atests” o !

DEFI NI TI ON OF PARAMETERS

The reader may be familiar with the saying
that i1f ae can defire ten ae en nessure ; i
one can measure then are can go on to analyze,
cotrol ad inmprove. Ore carot evaluate unlless
there is a proper test method mede available.
Honever, there are other Inportant aspects also.

Somebody or something is being evaluated
somenwhere, somehow by sareone all the time.
Teachers evaluate students and vice~versa,
Juniors ad seniors 1N ay orgenization evaluate
each other, doctors test the patients and get
tested o ad tre sare is valid for intervieners
ad the poor soul on the otier sice of tre t2ble.
All evaluatios are sbject o errors ad nethods
that lead to wog conclusios are discussed.

A DOZEN METHODS
EVALUATI ON

OF | NCORRECT

There are many time-tested methods of
incorrect assessrent of which a dozen are now
disosd :

a Adication - The evaluator may abdicate
tre regosibility of doirg a fair jdo because
of ineqeriae, ladk of training or time or
plain callousness. The test done may be
crude and may be haphazard.
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h oDefaut - In some instances, the evaluator

may have the necessary carpetence but he/
she may be too busy doing other more
iInportant things or too busy worrying aoout
other meetings to follov. The jab at had
does not get the time ad care It desenes
and results go heywire by default.

Reward and Puni shment System: A common
source of error is mix-Up of behavioural
asgpects with non-behaviioural ones. “If you
behave well in class, then 1 will give you
nmore marks in mathematics”, is an eample.
No wonder juniors often become obedient
ad suypportive just prior to any selection
and / or promotion issue. Many seniors
aopreciate this also. One can, of course
write pages an this.

Zeal ous Testing - One can test “hell out of
a persat’ by cotinuous or far too fregquent
evaluation tests that leave both the person
ad ealuator edaustad. In an organization,
this can go erther way, juniors evaluating
sniors ad viee versa. Mary testing zealots
forget altogether the main goal and get
entangled In the octopus grip of test
procedures.

When an assessment or evaluation is made
far too coplicated, then invariably the more
ceserving stands o lose. The Indien peral aocke,
which is the wehicle for testing Inmocence or
guilt, is ths hevily tiled tovards adlprits.
€ Md-gane Rule Change - Any evaluation

procedure must rest on a set of regulatios
mede clear to both the evaluators and the
aEs 10 ke ealuatsd. I the repulatias are
arbitrarily changed midaay then both are
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left confused. This applies equally vwell
for scientific experiments also where
stacardization of the procedure is a must.

Frequent changes are often introduced by
vested interest groyes o arrive at particular
aoclusias through suitable modification of the
procedure or criteria miday.-

T Confusing Criteria I There are many
instanoss of selection of the so-callled best
without anybody being fully avare of the
afiteria. Tre “est” rgoresntatives are dosn
1o o 1o tre Parliaent after being declared
wimers in tre “free ad fair’ elecaon which
is also a kind of test. Now many elected
representatives claim immunity from
whetever crimiral darges that exist against
them because the highest court hes cleared
them 1 Rqullarity certainly hes its nmerits but
faw are clear aoout its raticality ad wat
\otirg ectually tests.

Consider aother eamle. An Industry is O
be set up for which suitability of various
altermatie sites are being evaluated. There are
sore vell-aoopted ariteria e. g. awailability of
lad, porer, water, railvay lires, labaur, etc.,
proximity to raw materials sources ad cantres
for product autlet ad others. It is, honever,
also vell acoepted that the aostituency of the
Minister, wo takes the firal decision, is likely
1o be tre nost suitzble site.

In mary tests tochy, wiltten or oral, the gl
is ot o select hut o elimirate. Thus the foos
is on the negative agpects. In soe interviens,
oe or to iIntervieners begin to teach ad the
“grarent leaming abillity” becores the Inportant

o
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Psychic Grading - SOme Super-persons
make rapid assessments by using psychic
porer. No elaborate test iIs necessary for
them because they go by their inturtion for
which a few utterances, the body languege
or just tre lodk may be enoughwirth pertgps
sore help of the biccata. Tre test is arsory.
Now, it is true there are sore wo are good
at this—and there are legends in many
organizations. Honvever, too meny mediocres
Talsely claim to be so special ad In the
process ruin persans as well as positions
they hold.

Urealistic Sandards - All test scores use
sone standards for reference. “No matter
hov brilliant you are, you canot get more
then 68 In Bglish in Galautta University”,
used to be a common saying. Even in
science subjects, including mathematics,
scores beyond 90% were for the real
extraordinary. Cotrast this with the autoff
of 9O in physics, demistry, matheratics
now routinely demanded for adnission in
many colleges. Obviously, standards of
“perfection” have danged.
The Arericars expect thelr President to be a
war hero, handsome and virile (but no extra
marital affairs), rich (out no proven scadal),
trim, wise, learmed, chilld loving ad of course,
a good talker. A pretty wife also helps get him
a better scope. In India, every enployee In
every orgenization vwats their dhief eective 1o
be gererous, strict for everybody (exoept for
himself), a porerhouse of Inftiative, action,
wisdom, campession ad efficiency. In addition,
he should have qualities of a statesmen, a Chief

g
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Justice and also DIG police and be well
corected so that he can berd rules to favour
rule to meet demands.

These are unrealistic standards that make
proper evaluation inpossible.

I Rlaive Gading - Same institutions evaluate
individuals in a growp by relative grading.
Thus, If a geecrfic individal is a part of
grayp with a big nurber of brilliant felloxs
then he soores law, wheress, In a growp of
medioares he willl score high. Such a grading
can notivate an individial to try harder but
It can also destroy him or her.

Lopsi ded Evaluation - In any test there are
often several parareters which are to be
given due weightages. The principle of
assigning the specific weightages can be
ddatzable. In sore four—year degree collleges,
the firal evaluation gives equal weigttages
to sore for every year. Willl it ot ke fair to
give more weigtage o later years to renard
those wo try o inprove ? In written tests,
often large sections of the syllabus go
uncovered and some sections get undue
weightage.

On a philosophical plare, the tests In the
academic world are mostly faulty anyway as
they give too much weightage to short term
menory and special coeching, inmtelligence besed
on mathematical and logical abilities ad, of
ocourse, knowing the rules of the gare well.
There iIs o test of knovledge, acoonplishent,

character, health, motivation, creativity,
emtioal intelligence, readiness t work hard,
daring, co-aurriaular interests, etc.—qualities
those are prerequisite to success. Moreover,
there is no levelling of playing fields-the
cagter of bodad labour s pitted egairst the
s of a millicnaire against the save ariteria. |
know of a student being unable to draw a
telephone set because he had never seen any.
Forturetely, he coulld dhoose an gption to draw
a bird in a cage. It wes a beautiful draving-far
better than those of many others where the
draner often failed to insert the bird into the

cage-the drawing kept the bird aut !

kK jective Type Questions - The yes/no or
“‘mark the correct answer” type questions
can be very misleading. Many years ago,
the author and some of his friends had
given such a question paper of a premier
institution o an illiterate, wo wes ased o
mark at random. He happened to score
rather high. Mercifully, things have now
improved and in mnultiple-dhoice ansiers,
the examinee is often required to mark
nore thaen a singlle choice.

Il Pain eating - as the reader is aware,
there are times when tte evallatian is totally
davoid of an hoest effort because trere is
a precetemined result. This is pure deating.
Ad 1T a serious matter such as a test aoes
o that, then we shoulld stop discussing the
Sbject

Hem Shanker Ray

‘The nost solid stone in the structure is the | owest one in

the foundation.’

—Kahlil G bran
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PRESI DENTI AL ADDRESS
SOME ASPECTS O THE ALPINE VECGETATION OF THE
H MALAYA AND TI BET
Rai Bahadur Lal Shiv Ram Kashyap* B. A., M. SC., . E. S.

T he Himalayan range, on account of

Its great diversity of clinate  at varios
altitudes and even In the various parts of its
great length fran esst to west, offers a very
Tavourable opportunity for the study of
vegetation uder different climatic coditions.
Rising as it does fran very rear the leel of the
sea going up far beyond the snow line where
the pesks are practically wholly covered with
perpetual snow, thus placing a limit on the
occurrence of vegetation, ad extending as it
does fram the east where the climate is sub-
topical o the north-west 1t becores markedly
teperate ad in placss very dry, It presats a
great Variety of vegetation at different parts of
its course fran the megnifficent sLb-tropical rain
forest to the scanty vegetation of Alpire cesert.
On the contrary beyond the lofty vall of the
Himalaya is the highly elevated Tibetan plateat
with Its scanty preciprtation, strog dry wirnds,

* Gereral President, Nireteenth Indien Science Gogress, held
during 0th January 1o 4th February, 192 at Bangalore.

1. The Tibetan plateau near the Manesaronar Lake in Westem
Tibet is 15,000¢ aove the sea level ad of course higher as
we goproach the neighbouring hillls. It gradually falls doan
to the West until it is about 14,820¢ at Tirthepuri ad
about 12,200¢ at Tholing, both on the banks of the
Qutlej. Beyod the Maresaronar Lake tre lewvel of the contry
agpin gradally falls tonarts the Esst. The plateau beyod the
Tagla Psss is dout 15,000t ad at Gyat=e tre lewel is 13,000¢
aowe the sea.
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intense 1solation ad savere oold, presenting a
very uniform set of climatic factors, with the
result that vegetation is \ery similar oer very
large aress In that region.

Although the rich flora of the Hinalaya hes
been more or less fully studied gererally fram
the systenatic point of view yet the sty of the
\eretation in Iits varias agoects hes ot recened
the attention 1t desenves. Bven from a purely
systenatic point of view the intEsive study of
the vegetataan of limited aress is sure 0 leed ©©
the discovery of new forms, ad a study of the
flora fran the ecolagical point of view is boud
to give results of the highest Inportance. Not
aly, trerefore, is there roan for field work by
way of observation alone but experimental
inestigation an tre lires of tre work of Bomier
in the Buropean Alps In connection with the
effect of altituce on the grosth of plants would
no doubt be rewarded by similar interesting
resilts.

I wish to put before you sare very gereral
ooservations on the Alpine vegetation of the
Himalaya and Tibet as a result of ny travels
during the last 12 years or so. During this
periad | have hed quoortunities of visiing varias
parts of the Himalaya and have crossed the
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rae at nire differant places fran tre Zojila in
Kaghmir in the west to the Tagla at the heed of
the Chhurbi Valley in the east.?

BOUNDARY BETWEEN | NDIA AND

Although the Himalayan wall separates the
sautherm region with 1ts luuriant vegetation at
lorer levels from the Tibetan plateau which
may be termed gererally a desert, yet there is
o hard ad fast lire between the o regians so
far as the vegetation is concermed In many
places. Although soe of the valleys like the
Chhurbi Valley and the Alaknanda Valley are
very rich in their flora, others like the
Vishruganga Valley in Garhtwal, Chandra Valley
in Lahul even the utdej Valley near Shipgki, ad
the iIsolated tract of Soiti, possess a type of
vegetation which is essentially Tibetan. The
reesm is, o doubot, the scanty precipitation ad
the lov temperature in sore cases due merely
1o tre high altituce ad In others o tre neamess
of high pedks with large gleciers. This differae
is soretimes very marked even in neighbouring
valleys where ae wauld not expect it on acoount
of their geogrgohiical aotiguity. A good eample
is afforded by the Alaknanda Valley and the
Vishnuganga Valley in Gartwal lying side by
side ad separated only by a ridge which were
visited by me last August. The fomer possesses
a rich herbaceous vegetation above 10,000 feet

TI BET

2. The range has been crossed at the following Passes
fram vest  east : (D) Zojila (Kastmir) ; () Shingon La
(Zdar) ; ) Baralade (aub) ; @ shigd La (Tiket, on tre
Hindustan-Tiket Roed) ; (B) Mara pegs, ad (6) Hotd Pass, near
Niti Pass (both in Gartwal) ; (7) Kugri Bingri Pass, ad
(®) Lipulekh Pass (both in Kameon), ad (9) Tagla (Tibet,
at the heed of the Chhunbi Valley). Sore of these Peses hae
been atssed e or oftaer. The Tagla leads 1o Gatral Tibet
ad all the rest lead to se part of Westem Tiber including
Lackk.
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aove the sea ad wes full of floners ooocurring
in large brilliantly coloured beds, wheress the
vegetation in the latter was very scanty and
presented a marked contrast on account of the
asence of the colour presant in the former.

FLORA OF TIBET

Collections in Tibet have been made by
may travellers during the last 80 years or so
ad in 1902 Hensley gave a \very comprehensive
acoount of the flora of Tibet or High Asia besed
on these collections (Journ. Lin. Soc. VOI.
XXXV, 1902). Since then Marquand has added
a considerable nunber to the list fran Eastem
Tibet from the collections made by Kingdon
Ward (ourn. Lin. soc. Vol. XLVIII1, 1928).
Similarly Ostenfeld and Paullsen have published
the determinations of specimens collected by
Sven Hedin (Sven Hedin, Southem Tibet, \ol 6,
1921). These, with a few other pgpers, give us
most of the informattion regarding the fllora of
Tibet. Since travelling in Tibet presaits great
dostacles oving to the rigorous climate of the
auntry, diffiauldes of trangoort ad provision,
etc., ocollectias have gererally been mece onlly
alog the roedsice ad for a short periad only
during the year. For this reason the nurer of
seecines oollected is, even for Tibet, not large
in many collections. Hemsley’s comprehensive
list daaling with all tre collectias nece till ten
consist of 283 names of vascular plants.
Bcluding the species of the families GQyperaceee
ad the Gramineae, the nunber is 241. A lager
stay in the country ad a more extarsive search
woulld no doubt yield many more plants and
although the nurber of plants foud in Tibet
must always remain very small owing to the
nature of the clinate yet it is certainly much
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larger than one would be led to conclude from
tre collectias dxalt with <0 far. The area inchudd
in Hemsley’s paper is very extensive. He
defines Tibet as “bounded on the east by
China Proper ; on the south by the Himalaya
Mountain ; on the west by the Himalaya and
Karakorum Mourttains and on the north by the
Keria, Toguz Daban or Kuen Luen, Altyn Tag
and Nan Shan Mountains. Chinese or Eastem
Turkestan In the westerm part and Monogolia in
the esstem part are tre countries imediately to
the north. My oan colllection hes been restricted
1o the southem part of Tibet ad especially of
Westermn Tiket. This part of Tibet is nore elevatd
and far more dry and barren than central ad
eastemn parts and the further east we go the
better develgoed is the vegetation. A good nmeny
specimens In my collection have not been
determined as yet but even then ny list fran a
very limited aren, as stated doe, ecluding tre
families Cyperaceae and Gramineae, includes
206 as against 241 given by Hemsley fram the
whole of High Asia. Out of this total of 206
only & are foud in Harsley’s list ad 121 are
not mentioned there. Even taking into
consideration the species enumerated by
Margquand fram the further esst ad restricting
arehes aly o estem Tiket we still fird thet
aut of 140 species of ny collection firan Westem
Tibet aloe 63 are not given in Harsley’s list.
Several families have not been recorded by him
fran this region and 1 have been able to aid
their representatives to the list for example
Violaceae (Viola kunavwarensis), Rubiaceae
(Galium Aparine, Galium pauciflorun) and
Convolwvulaceae (auscuta sp-,) The number of
species belonging to the Boraginaceee is nuch
larger then recorded by Harsley, being 8 egainst
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2, and the same may be said of a nurber of
other grouyps. Thus a very sinple result of a
more extensive study of the Flora of Westem
Tibet has been t iIncrease very largely the
nurber of plants knomn from that region. A
complete list of the plants is issued as a
supplement to this address. The term Westem
Tibet as used aove does not include Ladek and
Soiti though these parts are otanically essmtaally
similar to Tibet proper. IF they are includd the
runber of plants would be inoreesed stalll further.

A mere enureration of species, however,
gI\es 1o idea of the actual state of vegetatian In
awy locality, or what is worse, gives a wholly
wrong Impression. Although the number of
species fran a particular locality may be fairly
large, yet 1t does ot necessarilly followy thet tre
nurber of individuals would be large also ad
it is the rurber of individals, rather then the
runber of species, which gives a proper idea of
the vegetation of the place. In Tibet the nunter
of individ.als is very sall ad the soil is bare
throughout the greater part of 1t. A good many
plants are net with here ad there uder stones
and other sheltered places, whereas the gpen
ocoutry is very sparsely inhsbited, the plants
soretines groming at \very great intenals. Near
vater, havever, on the berks of the strears ad
lakes the vegetation is usally very thidk ad
forms a dense carpet of grass and other small
herteceous flonering plants. In such places the
Himalayan element is often very conspicuous.
To give aoe exaple only, Lancea tibetica is a
camon plant on the Indian side at 12,000¢ to
15,000¢ above the sea. It is quite abundant at
Kuti 13,000¢ and below the Lipulekh Pass at
about 15,000¢ In Kuamon. It is equally aoundant
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in Westem Tibet in noist places, at Talklakot,

13,000¢ roud the sacred Kailas Mountain up to
16,500¢ between Tirthapuri and Duldu. 14,500¢
to 15,000¢ and in Central Tibet at Dochen,

14,700¢ and other simillar placss.

ALPI NE VEGETATI ON

Tree limit is reached at about 12,0008 in the
Westem Himalaya (Lahul, Gartwal, Kumaon,
etc.)) ad a Iittde higher in the Esstem Himalaya
12,500¢ to 13,000¢ (Chhumbi Valley etc.)
Beyod this level trees are replaced by shruos
which returally differ in different parts of tre
range. On the east, Rhododendrons are
predominarnt, whereas on the west Junipersand
Willoas are nore comon. There are, of course,

AND ALTI TUDE

many other woody species in addition, as
Loni cera, Garagana €tc. An iInteresting feature
of this vaetation Is a tathy an tre part of Its
aporatts o fom a “‘capet’” like their brethren
in the Eurgpean Alps. A “carpet plait”’ in the
words of Newell Arber (Piant life in Apine
swtzerland, 1910) “is a very dnarf recumbent
shrwb ; ane might almost say a miniature tree.
The plant is woody and not herbaceous. The
stam is a vary dort ad buried in the soil. st
above the ground a very large nurber of long
prostrate brandhes spread over a considerable
area, packed closely together. The branches
bear nurerous little tufts of leaves ad thus a
green carpet of close texture, often oooupying
many souare feet in extent, is woven over the
soil.” Such carpets are very conspicuous in,
among other places, the higher parts of
Sikkim for example, belov Nathula at about
12,000¢, where they are formed of species
of Rhododendron, and near the source of
the Alakananda in Garhwal, formed of
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Ant hopogan and
sclerophylla at a slightly higher level. The
Fnododendron 1S less than a foot high whereas
the saix Is only 3 or 4 inches above the
gad, in te latter locality.

Aove this level we care to the herbaoceous
vegetation forming beautiful beds of large
extent. The composition of such beds is
returally different in different placss. They ney
consist merely of one or more grasses in the
main or of florering herbs of various kinds
and colours, pure or mixed. These beds can
be seen anywhere from the higher nargs of
Kastmir to the level spots in Sikkim In the
wholle range of the Himalaya. It goes without
sying that local codirtios regarding moisture
ad soil, etc., would menifest their effects by
varying not only the altitude at which the
various types occur but also the nature and
composition of the vegetation.

FLOWER

Rhododendr on sal i x

COLOUR AND SI ZE I'N ALPI NE

PLANTS

It hes been acogpted for a log time that In
case of plants coopying a large vertical rage
the plant becomes practically dwarfed as its
higher limit is gooroadhed. We shall, honever,
d=ene that what is lost in luariance of leaf
ad length of stam is compensated for often by
increese In size ad alnost alvays by heightened
colour of the floner. (Walton, Aovers fromthe
Wper Aps, 1869). It is certainly true of the
Himalayas that many species become dwarfed
as they asoerd higher ad higher. Such a well-
known common plant as chenopodi um al bum
which may reach a height of 8 or 9 feet in the
plairs is reduced to an inch or two at 14,000¢ or
0 at the adult floner—earing stage. The secod
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part of the above statement, honever, camnot
alvays be so clearly demostrated. Meny plants
becare larger as they ascend, upto a certain
himit, ad at tre sare tine bear larger floners.
So much depends on the amount of moisture
ad selter that nere altitice is ro guide at all
in many cases.
partiaularly dsened in this respect in Garhnal.
Up to about 10,000¢ the plants grow bigger ad
many measurenents shoned that the floners on
the whole reached a larger size thaen those met
with at lorer lewels. Cocasiaally large floers
were met with at loner levels also just as sl
florers cooured at a higher leel, but the nuner
of large flaners at higer leels wes very much
larger and the absolute maximum size of the
floners wes also greater at the ygper Timit.

Anenone regularis Was

Another phenomenon connected with the
form ad size of the florer is met within sore
plants at about 10,000¢ad aove. This is the
replecarat of tre flarer or the tertile soot by
vaetative soots. Its significanee in aomectdon
with the Allpire hebit, honever, s not yet knoan.
I have notiod it in three different species. In
Euphorbia tibetica, branches which would
ordirerily ed in g/athia are often replaced by
vegetative shoots with ordinary leaves. It is a
common enough observation in Westem Tibet
at about 13,000¢ and was described by me at
one of the meetings of the Congress in the
Botany Section a few years ago. A secod case
is that of anenone rivularis In which this
abnormality is exceedingly common in the
Westem Himalaya at about 10,000¢. Here iIn
extrare cases the whole floner is replaced by a
large wift of green leaf-like structure. In less
developed cases the carpels ramain udeveloped
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and the segpals and stamens are modified Into
green leaves. In stall otrer plants the stamres
and carpels are udeveloped ad the sepals are
larger and more or less green in colour. The
third case i1s that of rhododendron | epi dot um
which possesses purple-coloured floners. The
abnormality wes first seen in Sikkim at about
12,000¢ where 1t is very camon. In this case
the foner is replaced by a tuft of red leaves.
These examples can hardly be due to a
ocoincidence but their significance, as stated
above, i1s unkown.

As rgats tre intasity of colar it is diffialt
1O pronounce any judgrent. Soecies of Rotentilla
(especially rotentilla argyrophylla) and Anenone
were observed but no appreciable difference
ocould be detected. Arber says (oc. cit. , page
44) “It has been shown repeatedly that the
pigrent which is comtained in the petals ad to
which tre colaur is de inoreeses In INtesity as
we pass fran the plains to the Alpine zore.
Whille this is tre gaeral rule for all colours as
well as blue 1t does not hold good In every
case.” He has also quoted figures giving the
number of species with different colours of
floners. As poirted out above the enureration
of species does not always give us the true
conogptiion of the state of things. The nunber of
species with a particular floner colour may be
large yet the individuals may not be many and
the floners may not be very conspicuous. The
peraantages given (@fter Dr. Aisch) are, 0 parcatt
white-flonered species to 27 per cent yellow-
flonered, and 19 percent red-flonered and 24
per aat violet-or blue-flaorered. Le Gog (quoted
by Walton) after arranging Phanerogamous
plants uder four heeds yellow, red, white ad
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blue, observes that the yellow decreases
considerably, red slightly vhile the white are
constant and the blue greatly increased. The
floner beds at higher altitudes in the Himalaya
as elsanhere show a mixture of colour yellow,
red, blue, vhite, with intermediate tints, but in
sore cases there are almost pure beds of one
oolour beloging to oe species covering large
aress. In the Alaknanda Valley at about 12,000
1o 13,000¢ there are bad cosisting almost wholly
oF Potentilla eri ocarpa OI Potentilla Sibbaldi
(both yellow) the former with medium-sized
solitary flarers ad the latter with clusters of
snall floners covering hundreds of yards at a
place. Simlarly in the upper Chhurbi Valley
one finds small pure patches of Prignulas
egeecially a species with light yellov floners.
Whenever there is a mixture, the yellow seers
1o predoninate both as regards the nunber of
individuals as vwell as the conspicuousness of
oolaur. Red ad blue are both wel l-represented,
the former usually more so then the latter but
the whiite Is not so conspicuous.

A few example may be given showing the
predaminant species with their floner collour :

1. Top of the Baralach Pass (Lahul), 16,200¢
July and August, 1928

1 saxifraga sp Yellow
2 Ranuncul us sp Yellow
3 Sedum sp Yellow
4 potentilla sp Yellow
B Draba sp Yellow
@ Primula sp Blue

7 Pedicularis sp Red

8 Oncifer White
Q9 Caryophyllceous white
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The first three give tre daracteristic olaur to
late ares.

2. Top of Shingon La (Zanskar) about 17,000¢
August 1928

1 corydalis sp. Yellow
2 Corydalis sp. Yellow
3 saxifraga sp. Yellow
4 pedicularis sp. Yellow
B Draba sp. Yellow
@ Potentilla sp. Yellow
7. Gentiana sp. Blue

8 Del phi ni um sp. Blue

Q Pol ygonum affi ne. Red
10. oxyria digyna. Red
11. Epi | obi um sp. Pink
12. conposite. White

Yellow was the predominant colour.

3. Chakra-tirath, near the source of the
Alaknanda (Gartwal), about 13,000¢ to 14,000¢
August 1931

1 Potentilla argyrophylla  Yellov to scarlet
with all the
intermediate
stages, various
shedes of orage
ac

2 Potentilla Sibbal di Yellow

3 Potentilla eriocarpa Yellow

4 saxifraga flagellaris Yellow

5 Ranunculus hirtellus Yellow

& Pol ygonum affi ne Red

7 Oxyria digyna Red
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Pink (Flowers
nearly over)
Red

8 saxifraga Stracheyi

Q sedum sp.
10. Geranium wallichiannum Blue

Blue
Purple

Yellow colour was most predominant and red
also quite conspicuous. Fotentilla argyrophylla
wes particularly abundant in all the various
shedes fram bright yellov through varias grades
of orae to brilliatt rad.

1. Prinula sp.

12. Boraginaceous

4. Head of Chhumbi Valley, a few miles
before Phari, about 14,500¢, July to August,
1930.

1 Ranuncul us sp. Yellow

2 Primula sp. Yellow

3 corydalis sp. Yellow

4 corydalis sp. Blue

B Aster sp. Blue

6 Labiate. Blue

7. Pol ygonum vi vi parum Pink to red
8 Epi | obi um sp. Pink

Q Geranium refractum Pirk to red
10. Pedicul aris sp. Red

11. Leont opodi um al pi num White

12. Anaphalis sp. White

&

. A few more yellov and White Compsitae

The beds showed a mixture of the various
colours. The predominant yellow colour
was due to No. 1, red colour due to
Nos. 7, 8 and 9 and blue to Nos. 5 and
6. Some of them were found in pure beds.
All the oolours were about equally conspiauaus.
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In Tibet there is practically never any
massed colour effect. There are sometimes
isolated patches of individual plants or
of srall clusters of platts soving a particular
colour. Species of @rydalis, Aconitum Sedum
Pedi cul ari's, Meconopsis, €tc., are examples-
Ranuncul us aquatilis With Its white or cream
florers with a yellov center, honever, ooccurs
in large patches iIn water and iIs the famous
lotus of the holy lake Manasaronar. Aenaria
nusci fornis , Wherever found forms conspicuous
cushions, scattered over large aress, easily
seen fram a distance on acocount of 1ts fairly
large white flowers. Similarly astragal us
nel anostachys With its blue Flowers forms
even more conspicuous tufts and covers even
larger areas in Central Tibet. stellera
Chanzej asne IS another conspicuous plant in
some localities with its tufts of branches
and peculiar coloured floners which are white
above (inside) and purple below (outside).
As pointed out by the writer (Uourn. Ind. Bot.
soc., Vol. IX, No. 4, 1930) the colour of
the floner in this plat is rnot yellov as stated
by so many authorities. The mistake has no
doubt arisen owing to the fact that the
Tlower becomes yellow on drying and even
leaves a yellow stain on the mounting paper -

Near water, honvever, the vegetation forms
dense carpets and here again the yellow
Ranuncul us Cynbal ariae 1S the commonest
platt. rotentilla anserina (Yellow) is also fairly
common and Pol ygonum si bi ri cum (pink) is
abundant. Lancea tibetica With i1ts purple floners
is met with here and there. Many other plants
grow In smaller numbers. The predominant
colour, honever, is again yellov. Over very
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lare aress in Tiket we finrd onlly scattered twfts
of grass or of some other flowering plant
without any siign of any other colour but green
or grey of the vegetative shoots.

A aurious feature in connection with the
colour of flovers is the occurrence In some
plants of very dark almost or quite black
colour in Tibet. The flower of demtis
orientalis IS usually described as yellow or
purple, but very dark, almost black floners
are very comon in Westerm and Certral Tibet.
In some places, Taklakot in Westem Tibet
(13,0009) and near Khangma on the road to
Gyantse in Central Tibet (about 13,0000
the writer foud flaners of this colour anly In
all tre plants. Yellov-fonered plants were met
with at Tirthepuri in Westem Tibet (14,8000).
Similarly the glands on the involucre of
Euphorbi a tibetica Which iIs abundantly met
with in Ladak and Westemn Tibet are black.
Black colour is exceedingly unusual in plants
and 1ts ocaurrence in two Tibetan species is
notenorthy.

A large number of alpine plants In the
Easterm Himalayas have pendulous flowers
directed donveds or at lesst horizontally. This
is o doubt an adgptation agairnst rain. Sore of
them though not actually pendulous at first
became pendulous by the force of the rain
drops. This phenorenon is shomn conspicuously
by many species of prinula, Polygonum
Geranium and Anenone. In other cases the
floners close inmediately on the gpproach of
the noist weather. This iIs shomn conspicuously
by the species of maphalis. Pendulous floners
are not so camon in the Westem Himalayas as
they are i tre BEastem side, gparetly associatd
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with a loner rainfall. This phenomenon is
well-known in the Buropean Alps also.

COMPOSI T1 ON

Certain families are much better represented
in Alpire regias then others. Feamilies like the
Compositae, Leguninosae and Gramineae would
returally include a large nurber of Allpire plants
on account of the large size, but the same
carot be said of others like the Primullaceee,
Gentianaceae and Polygonaceae which have a
disproportionately large share in Alpine
vegetation. Again, some gerera like sstragal us,
Oxytropis,
Saussurea and Pol ygonum are very Iargely
represented in tre flora of the higer altitudes.
This distribution would lead to the conclusion
that a tedency tonards adgptation t a oold ad
dry hebitat is not die to hgghezard variation in
isolation species but is more deegp-seated In
circles of wider affinity ad becares menifest
during the course of evolutaan in all tre brandes
of the ewolving grap-the genera of a family or
the species of a genus. | an afraid | camnot
pause of follow this subject further.

OF ALPI NE PLANTS

Arenari a, Dr aba, Potentilla,

ALPI NE PLANTS IN THE PLAINS

Bonnier’s experiments on the changes
produced in allpire plants when aultivated In the
plains and vice versa are well-knomn. He has
been able to show that in many cases plants
fron ae locality when groan in the other terd
o acquire the daracters of the plats of the
second locality. So far as 1 know no such
experiments have been tried with Himalayan
plants. A nurber of seeds from the Westem
Himalaya and Tibet were geminated by the
writer at Lahore three years ago. Sore of them
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died after a short time. Among those which
have survived there iIs a species of gphedra,
agoparently E. wigaris. The seeds of this plant
were collected In Zanskar at about 12,000¢ in
August, 1928. They were soamn in October the
sare year germmirated reedily after a fortnight
and went on growing for a little more than a
month. Then they became dormant till next
February and resured the growth towards the
end of that month when winter wes over. Winter
is the resting seesn in Zadar ad the ssdings
stuk to the hebit of the paratt plants in tre first
year. Since then, hovaver, they have foud that
winter at Lahore is the nore favourable season
for growth and sumer iIs the resting time.
Gromth is quite active in winter nov ad it stos
during the hot months of sumer—-an undoubted
adgptation o rew aoditians. The plants are still
under dbservation ad interesting results may
be expected.

HABI T  OF

A good deal hes alreedy been said about this
part of the subject by various writers. In nmy
Presidential address to the Indian Botanical
Society at Berares, published in the jourmal of
the ind. Bot. Soc. , VOI. V., Nos. 9 and 10,
1925, 1 said sorething about the subject. The
rnuber of aruals In Tiket is very sall just as
their size is sall oving t© the short groving
season, 1. e., sumer. The peremials have a
long tap root and an underground woody root-
stock which remains alive in winter while the
aerial parts are killed. Avother comon feature
is the small size of the leaves vhich are often
thick or hairy. Sare of the camonest plants
are spinos. As already stated the plants are met
with scattered on the surface with large bare

TI BETAN PLANTS
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intenals between them exogpt when the plants
are groving on the banks of a stream or lake
and sometimes when they are growing under
stores getting sufficient, protection agirst the
desicating effect of the dry cold winds. Several
stolon-bearing plants are coormon in most
places both in Westerm and Central Tibet. They
strike the eye on account of their long
slender arms reaching out in all directions.
Potentilla anserina, Saxifaga flagellaris and
another undetermined species met with at
Dodhen (14,700) in Central Tibet, are eamples.
The most characteristic feature, hovever, of
the Tibetan vegetation which strikes the eye
is the cushion habit of many of the species
which iIn 1ts less-developed degree takes the
form of fruits. In many cases the ashias are
exceedingly compact so that from the ouside
there is hardly any trace of branches and
een of leaes. There are of course Intermediate
grades between loose tufts and compact
cushions. Among the latter may be mertioned
Thyl acosper mum, rupi fragrum, Arenari a
musci form s,

and

Andr osace sp., Astragalus sp.

Of these
Thylacospermum. Araneria and Astragal us
form the densest cushions. Androsace IS Very
compact when growing in the soil but when
the plants are taken out of the soil the
branches usually become loosened and the
cushion breaks up. Anong the tufted plants
there are many species oOf Astragalus and

Car agana pygnmaea -

Oxytrpis,
Urtica hyperborea and some species of

Stell era Chanmej asnme, Artem sia sp.

Caragana €tC. Astragal us nel anostachys and
Urtica hyperborea are the commonest tufted
plants in Gattral Tibet.
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The ashion hebit is a \very efficiant acbptation
on the part of the plants against the intensely
oold winds of the country. The compect brandhes
ad tre small, oftn minute, leaes are effectively
protected in this way. Ay projecting branch
would ke killed in a very sort tine. The anual
grovth returally is very slight.

This cushion habit is also met with
occasiaally on the south side of the Himalaya
(gpart fram the dry valleys mentioned before)
but usally i1t is ot <o vell-develgead. In soe
cases this is not so much due to the effect of
cold as to grazing by sheep and goats. The
goecies of Fraxinus is odirarily a tree with the
ustal tree hebit but oming to exoessive grazirng
when It groas on the roadsice it forms a dense
aushion ad sovetiines a part of 1t may be able
to grow into an erect branched tree whereas
the rest of it forms a cushion loner domn.
Perhaps the cushion habit in Tibet also, iIn
some cases, may have something to do with
grazing by innumerable herds of yaks, sheep
ad goats, but there is o dobot thatt in the main
it is an adgptation against the intensely dry
ocold winds.

Aother interesting prablenm is the coourence
of srall-leaved ad markedly xergohilous plats
ad \ery broed-leaved plats sice by side. This
is tre ;a2 In e parts of Cantral Tiket where
Astrangal us nel anost achys 1S found growing
side by side with a broad-leaved erect senecio
and Uutica hyperborea. Similarly the very broad-
leaved senecio Ligularia grows in the open
near Phari at 14,5006 The tall reumnobile
with 1ts five feet or nore of height ad large
broed leaves ad bracts groas sice by side with
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Saussurea gossypi phora, only a Tfew inches
above the ground and closely covered with a
dense wool of hairs, on the Jelepla ad Nattula
in Sikkim above 14,000¢. The explanation
praebly lies in the fact that the broed-leaved
stems exist only In sumer ad are not present
during the unfavourable period of the year. It
also illustrates clearly what has been
demonstrated by Maximov and others that
drought resistance does not depend on leaf
surface or the rate at which vater is transpirad
ad that It iIs nore a prgoerty of the protoplasm
itself (The Journal of Ecology - VOI. XIX, page
281, 1930). A wide field of research lies goen
in this direction in comection with the study of
structure of tre varias parts of Alpire in relation
to the enviroment.

MAX!I MUM  ALTI TUDE FOR VEGETATI ON

Hansley states that according o the figures
given in his paper nearly half of the Tibetan
species In our enureration have been collected
at 16,000¢ and ypnards. Whether these figures
are \ery eect or ot trey o to proe thet trere
is o altitudiral limit to fAonering plants eogpt
perpetual sow. There can be no questiion about
the truth of this conclusion. He hes, honever,
recorded only six species which were known to
occur above 18,000¢. The Mount Everest
Bxqpedition hes foud plants at 20,000¢ or even
higher. Mr. Wollaston of that expedition
mentions species of Leonot opodi um and grasses
at 20,000¢ and Arenaria musciforms on 20,100¢
(The Reconnai ssance, 1921). 1 collected no less
than 18 species between 18,500¢ and 18,600¢
on the Damala which was crossed during the
circuraroullation of Holy Kailas Mountain and
it is probeble that nore then 31 other Species
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also could grow at this altitude as these were
found on the way to the pass between 16,500¢
and 18,600¢. The follonving is a list of the
species met with on the Pass between 18,500¢
and 18,6006

1 Ranunculus pulchellus C. A. Mey.
Ranuncul us | obatus Jacq-
Draba al pina L.
Cochl earia scapiflora H.F. et T.
Braya al pina Strenb. €t Hoppe.
Thyl acosper num rupi fragum Schrenk

Arenaria nuscifornmis Wall.

Stellaria decunbens Edgw. var. pul vinata.

o P N O 1~ W DN

Astragal us sp. (probably a. confertus

Benth.)
Potentilla fruiticosa VAar. ochreata.

Potentilla nivea L.

Sedum asi ati cum DC. var. wallichi anum

B S F B

Seneci o (Cremant hodi um) goringensis

Hensl .

B

Saussurea stolicazkai Clarke.

5

Allardia glabra DC.

5

Leont opodi um al pi num Cass.

17. Androsace Poissonii Knuth.

Ll oydi a serotina Reichb.

and sae grasses.

SOME FACTS OF PECULI AR

DI STRI BUTI ON

Although there is nothing unusual In what Is
described below in connection with the
distribution of plants, a few cases of peauliar
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distribution of certain cushion plants are
mentioned as interesting, Acantholinon

I ycopodi oi des forms large dense cushions and

hes spinous-tapped leaves. It is comn in Lackk
and Zanskar but was not met with beyond the
Baralacha Pass towards the east.

Thyl ocosper mum r upi j r agrum is very common
in Ladak and westerm Tibet at about 15,000¢
and above. The Phirtse La Pass leading fram the
Lingti sundb to Zanskar at sore distance belov
the tp, egxially an the Linga side, hes nneras
cushions of this plant scattered over a large
area. This place shons the best develogoment of
tre plant 0 far seen by tre writer. The pllant of
ocourse Is comon in other places in Westem
Tibet also, scattered about on the groud or
growing on the Damala Pass at 18,500¢ among
stores. It can hardly be distinguished fram the
stones in the photograph. It becomes scarce
further east at 15,000¢ to 16,000¢ and below.

Aenaria muscifornis §S conmon both in Westem
ad Central Tibet. Its dense aushions are net
with scattered over large aress ad the white
floners are very aconspiauous fram lag distances
as already mentioned above. This was one of
the plants found on the top of the Damala at
18,600¢. Androsace sp. are also very common
in Westerm and Central Tibet. They require
further eanination for their full determination.

A very compact species of astragalus has been
sen anly in Gentral Tiket. It hes ot been fourd
possible © nare It <0 far. Sore of these ashion
plants beloging to different species growv not
anly side by side but actually into oe aother
0 thet i1t is inpossible to sgerate them without
bresking the ashias. This is particularly tne
of specious of Andrasace and Arenaria

nmusci form s.
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ORIGIN OF THE TIBETAN FLORA

Sare people have given Central Asia great
importance In connection with the origin
of the Alpire plants. Arber states (oc. cit.,
page 305-306), “It has been urged that
Catral Asia ves tre origin of the Alpire Flora.”
Hemsley says, “No argurents are required to
proe thet the Tiketan is a derinved flora ; thet is
to say, derived since the tertiary period ;
and 1ts composition is so largely Himalayan
that there can ke littde doust as to Its origin.”
This would seem to imply that Tibet was
bare at some time when the Himalaya was
ocovered with vegetation. The high altitude of
Tibet makes this very inprooeble. The usheaval
of the Himalaya and Tibet must have developed
simultarneous ad the vegetattion also nust have
developed simultaneously. Marquand very
recently has remarked (oc. cit.) “Material
available nov mekes i1t quite clear that one
homogeneous flora extends from Sikkim to
Eastem Tibet and the whole of the Eastem
Himalayas, South-Eastem Tibet and Westem
Szechuen as well as the upper portions of
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Yunnan should be considered as one
botanical area.”” Central Tibet is not sharply
marked off fron Eastemn Tibet with its more
luxuriant vegetation on the one hand and
from the higher-and wilder Westem Tibet
with Its scanty vegetation on the otrer. The
latter possesses a much nore rigorous climate
but It cannot be said that the Flora of
Westemn Tibet has had a different origin. It
possesses a smaller nunber of plants, more
highly adapted to more unfavourable
conditions than their eastem relatives.
The flora of Westem Tibet must naturally be
poorer as fener plats can be expected to adgpt
themselhves o extrere conditions.

Considering all the data it would be more in
accordance with facts to say that the flora
of the Himalaya and Tibet and Western
China have had a common origin and
differentiation gradually took place as the
Himalaya and the Tibetan plateau gradually
rose fran the sea level to becore the highest
region in the world.
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THE Q@ FTS OF

PHYSICS TO MODERN MEDI C NE

Sisir K Majumdar>

Di scoveries of basic principles of physics have been translated into devel opnments of many

instruments.
treatnment of a | arge nunber of diseases.
U trasound, Tonography,

nmedicine are briefly discussed in the article.

I NTRODUCTI ON

he advancement of medical science wes,

and is, and will always be dependent
on the progress of fundamental sciences like
mathematics, physics and chemistry. It is
tne that pure science is not repidly converted
to goplied science. That hes alvays to deperd
on further technological advancement and
on craftsren’s imovattion. The role of physics
in the evolution of some modern medical
equipment—both diagnostic and therapeutic,
is simply unique. A chemical pathology
laboratory comprises overall physics
(i.e. laboratory machinery, pressures,

redicectivity, \ohee, efc.)

“The Book of Nature is written in
Methematical Characters™said Galileo Galilei
(1564-1642) ad nothing is static in nature ;
nature is dynamic. That earth moves aroud the
an (relio-cantric, Grek “helics™an”) wes the
discovery of Nicolaus Copermicus (1473-1543).
Nature is in motion. William Haney (1578~

* 200 Summer House Drive Willingdon, Dartford, Kent
DAZB, Bglad, U. K. Bmail - majurdar @ tiscali-oo.Wk-

Usef ul ness of X-rays,
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Many of these equi pments were later found to be essential for diagnosis and

Magneti ¢ Resonance | magi ng,

Laser radiations and different spectroscopic techniques in nodern

1657) was influenced by both Galileo and
Copemicus ; blood is not static inside the
body ; it ciraulates. A physician’s mentor were
the astrohysicists. Hare lies the inportance of
fundamental sciences In the maeking of modem
medicine. The year—“1543” is the “Anna
Mirebilis” in the relationship between Natural
Sciences and Medical Sciences when “De
Revolutionitus Orbrium Coelestiun (On the
Revolution of Heavenly Bodies) of Nicholaus
Copermicus and “De Humani Corporis Fabrica
Libri Septeni” (The Seven Books on the Structure
of the Huren Body) of Andress Vesalius (1514~
1564) were published. It was an auspicious
year. The Bvolutionary Tree of Medicine iIs
given in ANNEXURE.

The discoveries of eminent physicists like
Wilhem Conrad Roentgen (1845-1923), First
Nobel Laureate in Physics in 1901, Albert
Einstein (1879-1955), Nobel Laureate In Physics
in 1921, and Georg Von Bekesy (1899-1972),
Nobel Laureate in Physiology on Medicirne in
1961 made significant contribution to the
development of many essential medical
equipments. Medical men like Niels Ryberg
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Finsen (1860-1904), Nobel Laureate in
Physiology on Medicine in 1903, and Willem
Einthoven (1860-1927), Nobel Laureate in
Physiology on Medicine in 1924 also applied
principles of physics in the develogment of
medical instrunents used in both therapeutic
ad diegostic fields.

MEDI CAL EQUI PMENTS

X- RAYS

X-rays are invisible electro-magnetic
readiation having a much shorter wavelength
than light, 10° metre. It waes discovered by
Willhelm Rortgen in 1895, Originally this was
called Rontgen rays. An anatomist, Rudolf von
Kolliker (1817-1905), who wes the subject at a
lecture damostration by Rontgen, proposed thatt
the rays be called “X” and they susequently
received the discoverer’s name. They produced
by trarsitias of electras In tre imer leels of
ecited atars or by rapid deceleration of dargd
particles. A comon means of production is by
firing elecros INto a aypper e, X+ays are
useful in medicire since different components
of the body aosorb x—rays, to a different extant,
but enough radiation pesses through the body t©
register on a photographic plate beyod. Unlike
ligt ad heat vaves, Xrays pass through wood,
metal ad other neterials.

Being an avid photographer, he set up a
Tilm before the screen, laid his wife’s had
on the plate, and got the world’s first
X-ray picture, showing both bones and the
wedding-ring ! Weeks later (December 28th,
18%) he sent a report o the scientafic acadany
(edical-Physical Society) In Wurzburg- “On a
New Kind of Rediation” (Ubercine neue Atvon
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Strahlen) : It was his first comunication.
The second on January 13th, 1896, was
in Berlin in the presence of Kaiser Wilhelm 11
Tre last tire he gpdke In public on the subject
of x-ray was again in Wurzburg on January
23rd, 189%6. At the end of the presentation his
friend Professor von Kolliker lent his hard for
the production of a radiography in frot of the
audience. On March 9 and 10, 1897 Rontgen
published o other pgpers an this subject. That
vwesall ...

The nens of Rortgen’s disoovery spread, at
first by the press. On January 2, 18% Ratgen
sent a reprint of his report of Decarber 28,
185 to his fellow physicists, including Fraz
Serfin Bxer (1849-1926) in Viema, Frederich
Willhelm Kohlrausch (1840 — 1910) in Gottingen,
Henri Poincare (1854-1910) in Paris and
Arthur Schuster (1851-1934) in Manchester.
The information spread fran friend to fried,
and BExrer passed it to Emst Lecher (1856-
1926), son of the editor of the Freie Presse
of Vienna. This iIs the reason why the first
public mertion of the disocovery of x-rays wes
published iIn Vienna on Sunday, January 5,
1896 in the Freie Presse. From these, a small
number of European daily papers became
awvare of the discovery, the first London
publication appeared in Monday’s Daily
Chronicle. On January 6, 1896 a cable fram the
Bvening Standard Correspondentt informed the
rest of the world. The first notice of Rintgen’s
disoery In a scientafic periadical wes plblishd
on January 8, 1896 entitled “Electrical
Photography Through Solids” in the Electrical
Engineer of New York. The test was the one
used for the intermational nens. On January 11,
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18%6 the sare infomation wes published in the
medical press-both in the Medical Record of
New York and the Lancet of London.

Ronmtgen took no patent on his work, and 1t
is a tragedy thet tre died In sore poerty in the
periad of high inflation in Gemany after the
World War 1 (1914-1918).

The tentative goplications of x-rays marked
the beginning of diagnostic radiology. They
were pranoted by a break-through same months
after Ronmtgen’s discovery - the discovery of
“radio-active” materials (uraniun salts) that
gererate rays spotaneously by Antoine Henri
Becquerel (1852-1908), Pierre Curie (1859-
1906) and Marya Skoldowska Curie (1867—
1934), who jointly won the Nobel Prize for
Physics in 1903. Radiotherapy (later used to
treat cancer) begen wirth Beoguerel”s doservation
that radium carried in his pocket produced a
bum. This S I Unit of radicactivity is the
Becquerel unit (Bg) defined as an activity of
one disintegration per secod. Marie Qurie wes
anarded the Nobel Prize for Chemistry in 1911
for her discovery of poloniun ad radiun-till
today she happens to be the first and only
daouble Nocel Laureate In o science subjects-
Physics ad Cheamistry (@lso the first lady Nooel
Laureate).

Satiric Poemin ‘Punch’ Magazine, London in

1896

“O RGmtgen, then the nens Is true, ad ot a
tridk of idle rumour that bids us each benare of
you, and of your grim and graveyard humour.
We do not vent, like Dr Svift, to take our flesh
off ad to pose 1IN aur boes, or Sow littde rift
ad joint for you to poke your nose In’.
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OTHER

Many more kinds of beams were gradually
recognised, including electro-megretic waves
(such as radio, X-rays ad gama rays) as well
as particles like electros ad reutros. In time,
rays of varying energy could be produced by
sources ranging fran lovwoltage X-ray tubes
o high wvoltage Tinear accelerator on radiactive
elements like cobalt. The world of atons and
nuclel was brought Into service of medicire.
Recently, Electron Beam Tomography (Greek
“tomo’-slicing) EBT, is used to assess the
vesaular health of the heart.

RAYS

ULTRA SOUND

Moderm medical ultra-soud hes I1ts origin in
the work on marine SONAR (SOund NAvigation
and Ranging), during the First World War.
Ultrasonics is the branch of physiics dealing
with the theory ad goplication of uhtrasoud :
sound waves occurring at freguencies o high
1o be heard by the humen ear (that is aovwe 20
kHz). During 1930°s experiments were inrtiated
into the possibility of using these high frequay
soud waves for medical diagnostic purpose.

All soud waves aonsiist merely of mednenical
vibrations conducted through a mediun. Audiblle
sound waves fall in the range of 20-20,000
cycles per second (termed hertz or Hz) ;
fregacies anwe this leel are clled ultrasourd.
The frequencies erployed in medical diagnostic
ad thergoautic ceviass nomally lie in the race
of 1-10 million Hz (1-10 MHz). At this
frequency, the soud can be fooused In as much
tre sare vey as light. Desprte its high freqaoy,
the soud s still codcted nerely as medrenical
vibrations within the tissues ad is therefore
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devoid of the potentially dameging ionisation
associated with x-rays. As the sound travels
through the tisses 1t is partly reflected at ay
point were there is a dage In tsse dasity,
the stregth of the edo being proportioal to
the density change at the interface. As the
ud traels at a aostatt gosad iIn soft sses,
echoes occurring from degper structures take
longer to retum to the surface and thus the
depth ad direction of the tissle giving rise o
an echo can be determined by appropriate
electronic detector inter faced t a computer.
Acurate representation of the structure of body
organs (medical scanning) can be made. It is
produced and detected by high frequency
transloers.

Echo aortography is the application of
ultrasound techniques to the diagnosis and
study of the aorta, particularly the abdominal
aorta. Echo cardiography is the ultrasound
cardiography using ultrasound in the
inestigation of the heart ad great vessels ad
diagosis of cardio vesaular lesions, epeially
mitral disease, pericardial effusion, and
abdominal aortic aneurysm. Doppler
ultrasonography tedmiiques are used to augrent
two dimensional echo cardiogram by allowing
velocities to be registered within the echo
cardiographic imege. Bdho encegpalography uses
reflected ultrasound in the diagnosis of
intracranial processes.

TOMOGRAPHY | N

NUCL EAR MEDI CI NE

Tomography (Greek word-“tomos’™— a cutting
(sction) ad “grgdo” — o wite) is a tednige
using x-rays on ultrasound in which a clear
imege of structures in a single plane of body
tisaes at a particular dpth is achieved.
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It is sectiomal roentgenography-planigraay,
planography, stratigraphy and laminagraphy
taken by having the X—ray tube In a curvilinear
motion synchronous with reciprocal fillm notion
while the patient remains motionless ; the
selected plane for imeging remains stationary
an the noving film while structures in all otter
planes have a relative displacament on the film
ad trerefore doliterated or blurred.

Computerised axial tomography (CAT) is a
method of dbtaining a three-dimensional view
of the interior of an doject by building up a
eries of sectiaal viens. It is an elaboration of
X-ray techniques. X-ray image is two-
dinensional.

Positron Emission Tomography (PET) is
tomographic imaging of local metabolic and
physiological fucto In tsses, the inece beirg
formed by coputer synthesis of data trasmitted
by positron-emitting radionuclides often
incorporated into retural biodhemical substances
and adninistered to the patient ; a conputer
tracss the path of pgotos (produced by colllisian
of positrons emitted by the radio-active
biochemical with the negatively charged
electrons normally present in the tisse cells)
ad produces a aomposite imege, often in colaur,
representing the metabolic level of the
biodhemicals iIn the tissles, as an indicator of
the presence or aosence of disesse.

Single Photon Emission Computed
Tomography (SPECT) is imaging of local
metabolic ad physiolagical fuctias In tisses-
the Image being formed by computer synthesis
of data transmitted by single gamma photons
emitted by radionucleides administered in
suiteble fom o the patiant.
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MAGNETI C RESONANCE I MAGI NG ( MRI)

Electros in motion produce a megretdc field.
In a permanent magent, such as a horseshoe
magnet, the field is generated by electron
spiming insice the atons of the megret. In an
electroregret (@ temporary neget) the field is
gererated by electrons flowing from atom to
atam through wires (an electric aurrat). Such a
field is called electroregetic field. MRI is the
technique using a magnetic field to cause
resonance wirthin atoms, producing an imege by
means of the resonance.

Patient lies an a bed placed irsice a ponerful
electromagnet, whose field is of the same
frequency as of hydrogen—the element most
common in living tissue (H,0 = Hydrogen
Oxide). Hydrogen is everywhere in the body,
and it is detected everywhere, but its
aocaTtraton varies greathyery littde in boe,
nmore in muscle, nore In certain glads ad less
in others, a great deal in blood, even nore iIn
urire ad so on. This varying concentratios iIs
detected, stored by a computer and analysed
and made Into a computer—graphic picture. By
changing the direction of the megnetic field
artinally, dotaining nuerous pictures, a three
dimensional image is obtained. MRl s non-
inesive ad relatively harmless.

Magnetocardiography is measurement of
the magnetic field of the heart ; produced
by the same ionic currents that
gererate electrocardiograns, and shows the
characteristics—P, QRS, T and U waves.
Magnetoencephalogram (MEG) is gausstime
(“gauss™a unit of megretic flux density remed
after the German physicist and mathematician
Karl Frienderich Gauss (1777-1855)-equal to
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one ten—thousandth of a “tesla’™-the unit of
magnetic flux density in the SI (Systeme
Intermational) System named after the US
electrical engineer-Nikola Tesla (1856-1943).
Magnetoencephalography is the process of
recording the brain’s megretic field. Meget is
also usad iIn thergpy (megretotherapy) -

Nuclear Magnetic Resonance (NMR) uses
the nucleus of a single atom which hes its on
retural frequency. Frequency of hydrogen nuclei
is different fran that of ayogen. Because every
kind of atomic nucleus responds (resonates) to
its oan wniqe frequecy, these frequarcies are
sigatures of the atamnic elanats in a mixture.
With the added use of a strog megretic field,
Usstanes can ke aalysad for their aonposidan,
a process called nuclear megnetic resonance.
N\R is harmless and can be used to assess the
physiological and biochemical functions of
different organs. Metabolian and utilisation of
oxygen and glucose can also be assessed by
this nmethod.

LASER

The name “Laser” is an acronym of “Light
Amplification by Stimulated Emission of
Radiation”. It is a system of coherent
amphification of energy ; it is a device which
praclces visible, infrared or ultraviolet rediation
with goecial pragerties, usig a system of ecitd
atons. The first working model of Laser was
built in 1960 by the US physicist Theodore
Harold Maimen (1927 ), folloving theoretical
work by Charles Hard Towvanes (1915 - ),
Nobel Latreate in Physics 1934 for development
of MASER (Microwave Amplification by
Stinulated Emission of Radiation) and Arthur
Leonard Schawlov (1921 - ), Nabel Laureate in
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Physics in 1981. Ators absorb erergy in well-
defined anunts, raising electrons to excited
states ; the electros are said to nove fran ae
erergy level to a level of higher erergy. An
aton is a it of natter, casisting of a nucleus
of positively charged protons and unchanged
(reutral) reutrans, orbited by negatively dargd
electrons. A aconplete atom hes the sare nurer
of electrons as protons balancing the darge.
After being excited, an electron usally retuns
to its origiral leel after less tten 108 seoods,
relessing eneryy as photon of ligt.

Photon is the quantum or particle of ligita
particle tret camies tre eargy In visible, x4ays
ad other forms of electromegnetic radiation.
Eectro megretiic radiation conprises a stream of
photons. IF photon of erergy similar t that of
aother photon about o be relessed strikes the
excited atom, then the photon production is
nore rgpid ; this is called “stainulated emissian”
after Einstein’s work in 1917. The result is two
photons identical in phase moving in the same
direction. Should these photons themselves
interact with more excited atars, eventually a
cascace of identical photons willl be produced,
all novirg In ae direction. Laser action degpads
on the choice of special atomic systens for
which an erergy suply is able o raise a large
rutber of atons to excited states, reedy to emit
photons when stimulated. Mirrors at erther ed
of tre “Laser” reflect lightt ed-to-ad irsice the
‘Laser” to maintain its acton. At ae ed, te
mirror is partially trangparant alloving a portian
of light to escape to produce a Laser beam.
Typically, erergy is uplied o the “Laser” by
electrical disdarte or a porerful ligtt souree o
punp the aton o excited stotes.
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“Laser” light is monochromatic (all one
oolour), odherent in step, produced as a beam
which does not spread, and travels large
distances udiminisred in intersity. Tre light is
produced either as a continuous beam or as
pulses.

“Laser” hes got many uses ; In medicire It is
used on phototherapy, eye and brain surgery,
ad in other aspects of surgery. “Laser” waves
have high energy—can be focused to a
microsogpic point ad are perfectly sterile, ad
cause minimal blleeding and scarring.

Medical “Lasers” are mede mainly of carbon
diaxide, argon or materials like neodymiunm ad
YAG (YttriumAluminium-Garmet). They cut
tisse repidly by heating and coegulatang it, or
by producing photochemical reactions. Sove of
these gptical “kninves” or “cauters” are enployed
in eye surgery, while others penetrate more
deeply for tumour treatment. The beam can also
be aimed from inside the body with endosoopy.
Hovever, “Lasers” will never fully replace the
medenical scalpel, but their uses are eading
steedily 1n all fields of sutary.

Interestingly, it was Einstein who uneiled
tre futhrental theoretical besis of “Laser” first
in 1905 in his Nokel Prize-winmning work—="On a
Heuristic Point of View Concerning the
Production and Transformation of Light”
(Amalen der Physik, Vol 17, p391, 1906 - all
his five epodmeking papers were published In
the same volume : 1905-Anna Mirabilis of
Einstein) and then elaborated it in 1917. This
tured aut o ke his sole antribution o nedicire.
The practical goplication of his photoelectric
theory has been the “‘electric eye’” used for
opening and closing doors by remote control,



[ 1] O]

Everyman’ s Sci ence

VOL.

XL NO. 3,

[ ]

Aug. —Sept .’ 05

for detecting intrucers, for counting ad sortirg
goods and for making radio and television
possible. US experinental physicist — Robert A.
Miliken (1863-1953), Nacel Laureate in Physics,
1923, confirmed Einstein’s theory of the
protoelectric effect.

ELECTROCARDI OGRAPHY

Einthoven devised a sensitive string
galvanoreter by using a fine wire stretched
between the poles of a magnet. When a current
pessed through the wire i1t wes deflected, ad
optical system megnified this for recording.
Electrocardiograghy is the investigation of the
electrical activity of the heart. The electric
voltages produced by heart beats can ke recorded
fram the surface of the skin in the form of an
electrocardiogragoh (BEG)- Electrades are attaded
to the skin of the lints ad dest, ad voltages
of between various pairs of electrodes are
recorded on sensitive electronic machines.
Einthoven mede electrocardigraphs (BEQG™s) fram
the dhest wall and from contacts on the arms
ad legs, ad described his results fran 1903
onwards. Einthoven and others (especially
Thames Lewis of University College Hospital,
London) related the EQG tracings to clinical
cata for coroary artery diseese ad otrer heart
diseases. This becare an inportant diagnostic
method, and Einthoven won a Nobel Prize in
1924. Electrocardiography is secord only to the
X-rays discoverd by Rontgen in importance
among the physical methods used in clinical
medicine.

FI BRE- OPTI C

In 1868, Oesophagoscope and gastroscopes
(half a metire lag pipe fitted with a light ad

ENDOSCOPY

168

lenses) were introduced. Light conduction  wes
a formidable dostacle for endoscopes. It wes
solved when transmission along aligned
bundles of specially coated flexible glass
fibres was achived [(H H Hopkins and Kapany
NS-A Flexibile fibrescope, using static
scanning- Nature (Lond.) Vol. 173, p39-41,
1954)]. In 1954, Hopkins and Kapany
sumarised their achievement and introduced
rev termirology - ¢
devised, which willl convey optiical ineges alog
a flexible axis. The unit corprises a budle of
fibres of glass, o otter trargoarant naterial, ad
it therefore gyears goorgpriate o introdue the
term “fibresoope” to denote 1t. An dovious use
of the unit is t replace the train of lenses
employed In convertticanal endosoopes”.

At present, endosogees, sare with electironic
ckvicss like video, are usd extasively for both
diagnostiic and thergpeutic purpose. Many more
ingenious develgoments and goplications of the
technology are currently at the point of
aailability viz ; wireless cgule eosay for
examination of the small bowel, high
megnification endosoopy for detection of minute
lesions and confocal microscopy to obtain
histological information at endoceopy-

MI CROSCOPE

Microscope is an instrument for producing
enlarged Imeges of small dbjects. Microscopes
range fram sinple lens megnifiers to conplex
electronic instruments. Sinplle microsooe is a
good exarple of an ordinary megnifying glass
ad hes anly ae les which can megnify clearly
perhaps 10-20 times. The compound microscope
hes sets of aovex lenses at each ed of a tube.
The first set of lens (the dojective) forms an
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enlarged imege of the doject, ad the secod set
(the eye piece) enlarges the image. The
compound microscope was First made Into an
effective instrurent by Galileo Galilei (1564
1642). It wes, as It were, a by-product of his
invertion of the telescope. Both simple and
canpound microsoopes meke use of light waves
ad are trerefore light or gotical microsogpes.
Magnifying poner is limited to about 2000
times and if pushed higher, images become
fuzzy because these microscopes cannot form
imeges of dojects that are sraller then the ligtt
waves. In 1925, Joseph Bernard, a London
microsoopist devised the ultra violet microsooee
achieving 2,500 times megnification ad larger
virusss auld be seen for tre farst time by reked
eye. The Belgian, L. L. Morton (1901-1979)
usd the physical principles of electros o devise
the electron microsoope. Electrons have a wave
motion similar to that of light but have a
wavelength which is 10,000 times shorter.
Objects could now be magnified many times
over. By the end of 1930°s a megnification of
close 1o 40,000 times wes achieved, so that the
innemost secrets of the human cells and of
srall particles called viness were laid bare
the scientafic eye. To get higer meghification,
sarething even smalller then light waves-teamns
of electrons need to be used. Electron beams
caot be used In gptical microsoopes because,
unlike ligit waves, they are not bent by glass
tues. But elecroregetic fields can bad them,
to form imeges. In electron microsoogpes, right
sheped electro-regrets act as lens with beans
of electros spreading them aut Into aoes, like
the cone of vwater iIn the shonerhead. Honever,
the imeges formed by electras are invisible to
human eyes. To make them visible, the Imeges
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are formed on a glass screen coated like a
television tube with material that gloas when
strudk by electrons. These are two besic kinds
of electron microscopes, both capable of
megnification of 1 million times or nore. In
transnission electron microsogpes, the electron
beams are transmitted through extrerely thin
slicss of the material being eanined. In scaming
electron microsogpes, a thin beam of electrons
sneeps back and forth over the specinen. The
electros scan the naterial without penetrating
it, 0 trere is ro red o slice it thin. This ndes
it possible to exanine and photograph very
small living dbjects. The images produced by
this irstrurent hae a stragly three-dinesiaal
darecter.

In video-intensification microscopy the
coupling of Image intensifiers and video
tedniques o light microsoopy systens mekes it
possible to amplify dim imeges a million fold.
Minute quentarties of fluoresoant neterial can ke
located ad It is possible to antine to eanire
lighttsasitive fluloresort material oer lag tire
intenvals using wesk illunination. The use of
aonuters hes develgped better ad more flexible
lens systems and also video-enhanced
microscopy systems where randon background
information is sbtrected electronical ly fran the
imege, giving greatly inproved quality. Lasers
have been employed to record three-dimensional
photographic plate-that is the goplication of
holagraphic methods, they may also be used to
vaporise selected parts of a specimen.
Seectraneters huilt into the systens aaly=e the
vapour and hence alllov correlation of structure
and chemical carposition. Recent innovations
include scanning acoustic microscopy, where
te dyject is scared by a tagtly fooussd acoustic
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beam, the method being capable of giving
infomation fran the interior of qocally gqege
material. In electron microsoopy, the use of a
variety of histo-chemical and immunochemical
methods allloas the identification of specific
demicals in their stbcellular locatias.

Microsoope is also helpful in the surgery of
minute structures (MiCrosurgery).

SPECTROSCOPY

It is the study of erergy levels in ators or
molecules, using absorbed or emitted
electromagnetic radiation. Inner atomic
electras give gctra in the xay regian ; auter
atomic electras give visible light gpectra ; the
rotation and vibration of molecules give
infrared spectra ; the precession of nuclear
magnetic moments gives radio-wave spectra.
Many types of spectroscopy exist, they are
often used to identify the structure of an
uknoan substance or to detect the presence of
knoan substances, drugs etc. It is widely used
in clinical damistry.

FI NSEN

It is a high power device to enit conoentrated
or converged and filtered rays which have
kectericidal properties. Uhteraviolet sectias of
anligit have strag bectericidal porer. Finsan,
a Dutth physician, is consiidered as the founder
of modern photo-dynamic therapy. Modern
treatments like radiation ad drug thergpy one
a lot to Finsen’s pioneering work with light
therapy. He was awarded the Nobel Prize iIn
Physiology on Medicine in 1903, in recognition
of his aotribution to the treatnat of disseses
especially lyos wilgaris, with cooattrated Tight
radiation whereby he has opened a new avenue

L AMP
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for medical science. Fran the age of 23 years
he was invalid and directed from his bed the
Light Institute which he founded in Copenhegen
in 18%.

AUDI OMETER

The new audiometer that can be operated
by the patient was designed by the Hungarian
scientist George von Bekesy, Nobel Laureate
in Physiology or Medicire in 1961 ad is based
on his discovery of the physical means by
which sound iIs anaysed and comunicated iIn
the cochlea, a portion of the imer ear. The
vibratory tissue, nost inportant for hearing,
is the basilar mnbrare stretching the length
of the smail-shaped cochlea and dividing into
two interior canals. Bekesy found that soud
traels alog the besilar mnbrare In a series
of waves, and he demonstrated that these
waves peak at different places on the
membrane ; low frequency to the end of the
ocochllea and hiigh frequencies near Its entrance
or base. He discovered that the location of
nerve receptors and the nurber of receptors
involved are the most important factors in
determining pitch and loudness. His research
led to the construction of o cochlea models
ad highly sensitive instrurents that nede it
possible to understand the hearing process
differentiate between certain forms of deafess,
ad select proper treatment nore accurately.

OPHTHALMOSCOPE

“In the whole history of medicine beautiful
episode than the invention of the
ophthalmoscope, and physiology has few
greater triumphs”, thus wrote American
ophthalmologist Edward G Loring in his
“Textbook of Ophthalmology Part 17 in 1892
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(London, England : Henry Kimton), 2 years
before the death of Herman Ludwig Ferdinand
von Helmholtz (1821-18%4)—the great German
physicist ad physiologist of the 19th Gentury.
Helmholtz first demonstrated that there were
three essential elements to the working of an
ophithalmoscope - a source of illunination, a
refectirg surface to direct light tovard the e,
and a means of correcting an out-focus imege
on the fudus. Over the last 100 years or nore
sinee his tine, the essatial elerents have been
achieved. In tre proosss cadle lap, oil lap,
ges lap were used for illuninationprists ad
lersss are ad for reflectirg the light. Methad of
correction nesded minrors ad codersing lenses.

An gphthalmosooee is besically an goparatus
for illuminating the retim using a battery ad
small bulb. For normal vision the
ophthalmosoope consists simply of a srall hole
o look through and a source of il lunination.
The ligtt is reflected into the eye by a mirror.
The dosenver lodks directly thraugh the hole in
the centre of the mirror. The gphthalmosoope
hes leses to conrect for vislal defects of ertter
the dosaver or subject.

MI SCELLANY

Human body is a physico-chemical consortium.
Hence the basic principls of physics and
demistry are wicely gplied in the detection of
any irregularity or aberration inside the
consortiun as well as In 1ts correction or
romalisation. Electrical activity is assessed for
diagnostic purpose : electro-encephalography
ES) for reordirg the electrical activity of the
brain, using electrodes gplied © tre salp, ad
usually recorded as tracing on a paper ;
electrolarygogrady for recording tre vibratias

171

of the vocal cords electronical ly-electrodes
are attached to the neck on each side of the
thyroid cartilege, ad the vocal cord as traces
on the screen—the rises and falls of the
fundamental frequency of the vibrations
(correspoding largely to the intonation of the
woice)-how widely used In speech science, In
relation t both nomal ad aoormal use of the
woice ; electramnyography to study muscullar
contractions which take place during speech—
muscles produce tiny amounts of electrical
actavity when they contactectivity recorded by
applying electrodes to the individual muscles
of the vocal tract ad displaying the sigalls an
a screen or ON paper-.

In December, 1896, W. B. Cannon
(1871-1945), still a student of Harvard
Medical School, noted that if bistuth salits were
fed to aninals, they alloned a visualization of
the gut on a fluoresoent screen. This tedmnige
was applied to humans from 1904, barium
sulphate being usad to gpecify the gut so that
structural abnormalities in the stomach,
duodenum and the rest of the intestine could

now be diagnosed.

Electroconwulsive thergpy (ECT) is a highly
successful treatment for patients with severe
mental depression In which a aunrent is pessed
throuch the brain of an aeesthetisd patdent. In
1937 Ugo Cerletti (1877 - ?) and Lucio Bini
(1908 - ?) of Rome first used an electrical
method (110 wolts for half a secod) to produce
conwulsion.

THE NUCL EAR MEDI CI NE

The use of radicective tracers in diagostic
and therapeutic medicine iIs widespread today
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since 1971. This new medical speciality
was recognised by the American Medical
Association through the establisiment of the
Arerican Board of Nuclear Medicine. About
oe in three hospitalised in a modem hospirtal
will have a diaghostic proocedure performed in
which a radio-active tracer has an essential
role, 1.e. assessment of haemodynamic
response of the heart during exercise in the
diagnosis of coronary artery disease, by a
scint Hation carera assessrentt of blood flow in
the lugs in pulmomary enbolian, plasma levels
of hormones o assess hypo or hyperactivity of
endocrine glands and so on.

The Hungarian radio-chemist-Gyorgy de
Hevesy (1885-1966), Nobel Laureate in
Chemistry iIn 1943, is the father of the
deveopmentt of techniques and methods for the
precical use of redioisotopes in aalysis. In his
Nobel Lecture Hevesy stated - “The goplication
of isotopic indicators opens new lines of
approach not only to the solution of knoawn
prablens but also by directing our attention to
trains of thought not previously considered.
Isotopic indicators open the only way to
determine the rate, place and sequence of
formation of meny nolecullar constituents of the
living organists. The very existence of such
methods wes instrurental in goening new trains
of thought In demonstrating the dynamicity of
metabolic processes In concentrating aur interest
on the problem of velocity of fundamental
biological processes’.

The use of radioactive tracersNuclear
Medicine rather Medicine of Radiophysics-haes
made possible an improvement in perception
and conceptualisation of disease In ways we
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never dreamt of only a few decades ago.
Nuclear imaging provides us with symbolic
representations of pattermn and dhanges in the
spatial and temporal distribution of the
chemicals that make up living organisms. To
picture a biolagical systan, including huven, at
a single instat in time is redeqate ; we nust
also concem ourselves with the perogption of
events that ocoour ane after the other ; motion
and dynamic change are the essence of
physiology. Limiting our perception to static
patterns is equivalent to assuming that
nothing ever happens. Therfore, our images
must be concermed with time, with the order
of events and their duration, with the
periodicity of body processes, such as the
beating of the heart, the enptying of the gall
bladder, ad so forth.

The distribution of X-ray densities as in
computerised axial tomography, or the spatial
and temporal distribution of chemical
susbtances within the body as in nuclear
medicine imeging or the distribution of body
surfaces that reflect sound waves, as iIn
ullrasmnics, the use of electraregetic spectrun
as, source of information about the patient’s
bodily structure and funcation are sare of the
gifts of physics to modem nedicine. Microsoopes
and biopsy techniques are the new essential
tools in the hand of clinicians to
precisely understand the pathophysiology of
diseases at the cellular level. Rediodemicals
(Technitiun-99m) and radio—pharmaceuticals
offer added advantage.

Advances in the field of medicine have
been along three lines : better chemicals,
better instruments and better quantification.
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Tomography in nuclear medicine is of two
types : single photon emission computed
tomography (SPECT) and positron emission
computed tomography (PECT). The latter permits
more accurate gquantification, but the former
provides significant inprovement over planar
inegirg, where the three-dinesical distribution
of radio-ectivity is projected on to a single
plane. Positron tomography has made possible
measurement of regional glucose metabolism in
regians of the brain, such as tre fratal ldoss,
aditory cortex, striatun, thalans ad visual
cortex. It has been possible to show the
biodemical evertts related to the psydolagical
processes of vision and hearing, a major
achievement in the history of psychology ad
phillosophy. In the study of brain, both SPECT
and PECT have their greatest inpect. It is now
possible to demonstrate by imeging dopamine,
serotonin and opiate receptors in the living
human brain.

PHYSI CS

State-of-the-art detal tedrology now offers
fester, better ad less intrusihve sarviass. Fhysics
and modern technology has made dental
procedures safer, more-effective, faster ad
hessle free for most patients. Rediovisiography
QRLG), Intra-oral carera, CAD-CAM, electronic
aneesthesia, fibre-gptic hand piece ad Lasers
are nov used to treat comon dental maladies.

RVG or computerised digital radiography
mekes use of an elctronic sensor insteed of a
conventional X-ray film. The electronic sensor
captures the X-ray and sends the sigal to the
computer. This tedvology gives an incredible
advatage over coverttioal X-rays in diagnosis

AND NEW DENTI STRY
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as a sharp and clear image of the concermed
tooth and periodontal structure is available on
the screen In seconds. The dental surgeon can
zoam in on a certain portion of the Imege ad
menipulate the imege In a wide variety of ways
to diagnose the underlying pathology before
comencing treatment. This technology also
aspicuosly reduces patiatt ad staff radiation
exposures and keeps environment green by
eliminating dhamical westes.

Ancther tedrology-driven diagnostic aid Is
the Intra-oral carera. It is a tiny video carera
which tours the mouth picking up images that
oould ke enlarged on a television or a coputer
monirtor enabling the patient to view his own
oral ean. Pericdmtal dissese, cavities, plage,
stain, fractured restorations and other oral
conditions can be diagnosed early with this
terrific tol. Intra-oral ineges kelp the patdentt
better understand his dental condition and
treatmant gotias as he can see what the dental
Surgem s describing.

Electonic anaesthesia uses a device which
hes a receptor placed on the patient’s gun ad
another unit held in the patient’s hand with
which the carfort level can be adjusted. The
system sends aut a “wave’” to block the body’s
raeturally coouring electrical pain sigals were
the dental treatnent is being dore. The patiant
doss feel a tingling sensation on the gum.

Electronic aneesthesia is the most modemn
datal Surgery process ad IS uter aosiceration
for future L2 In denastry.

The dental air turbine hand piece is a sire
qua non for the datal surgen. It is an equipEtt
that is Indigpassble In geerative dentistry. The
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airotor hand piece has a bur fitted into iIts
head. \When the hand piece is comected to the
motor, the bur rotates at a high speed of
370,000-430,000 rpm (depending on the
hand piece type). The bur is usually mede of
tungsten carbide or diamond grits. The hand
piece is held by the dental surgeon like a pen
ad is caria into tre oral caity o tre carias
tooth where the rotating bur’s firm cutting
action removes carious lesions In secods. The
airotor hand piece also has a water spray
directed tonards the bur tip to minimise the
heat generated during autting. The chic dental
hend piece mede of stainless steel body Is oe
of the most prized possessions of a dental
surgeon. The latest tedrological advancement
has been the development of Fibre optic
high speed air turbine hand pieces. These
classy equipment have fibre-optic lighting
systens which illuninate the cavity while the
detal surgeon prepares 1t Tre lights lok like
the heedlights of a car directed tonarts the bur
tip. Now, cavity cutting will be nore precise
ad fester.

Electronical ly pre-programed dental chair
is awilable were the patient can be positioned
in the ideal posture for a partiaular treatment
simply by pushing a button. The modem dhairs
are fully equipped 1o be called a nobile dertal
dinc.

Lasers are being used iIn dentistry to
perform periodontal surgery (like gingivectany)
to expose dental implants, to relieve the
pain of apthous ulcers and mouth sores, to
collect biopsy sarples and many such dental

procedures. It is presuned that very soon laser
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might be used to cut cavities where a flash
of light would be enough to remove caries.
Carbon dioxide and argon lasers are the
comonly used ons iIn dentistry.

CAD-CAM (computer-aided design and
camputer-aided machining) system is nonedays
being used In prosthetiics for cromn and bridge
work. A CAD-CAM system digitally records the
imege of the prepared tooth ad stores it in the
memory of a computer. The image data can be
retriead Imediately to grind a metal, aoposite
or ceramic prosthesis by computer control fram
a solid block of the chosen material. The
prosthesis can be fabriacated within minutes
and placed on a prepared tooth and bonded In
the mouth of the patient within one hour.

So technolagy s an integral component of
mooem dentistry. Application of the principles
of physics has ushered in an era of new
dntstry.

THE FUTURE

The angoing contribution of fundarental ad
applied sciences 1o the steady advancement of
contenporary medicine is going to usher in a
new era of excellence in this millemiun.

Mathematics, Physics and Chemistry form
the sheet anchor of any science including
Medical Science. The award of Nobel
Prizes in Physiology or Medicine and in
Chemistry in 2008 is again a glaring exaple.
Mathematical precision is the core of all
medical assessrets 1o ke perfect ad flavless.
The Hardy-Weingberg law (equilibrium)
formulated independently by the English
mathematician Godfrey Harold Hardy (1877-
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1947) and the German physician Withelm
Weinberg in 1908, estzblished the mathematical
basis for studying heredity In population.
Influence of heredity is, of course, recoghised
since prehistoric times.

The development of Magnetic Resonance
Imaging (MRI) 1is a breakthrough in medical
diagosis ad reseerch. Atomic nuclel in a stroyg
megretic field rotate with a frequency deperdant
on the stregth of the field. When such nuclei
retum to their previous erergy levels, radio
waves are emitted. For discovery of nuclear
megnetic resorence In olids, Felix Broch (1906
1983) ad Ednard Millls Purcell (1912-1997) of
U. S. were anarded jointly the Nabel Prize in
Physics In 1952, Megretiic resorance ves inttally
used mainly to study the demical structure of
ustanes. In recat years it is ussd suocsssfully
in nedical imeging ad for this, wo physicists-
Paul C Lauterbur (1929 - ?) of U. S. ad Peter
Mansfield (1933- ?) of England were jointly
awarded the Nobel Prize in Physiology or
Medicine in 2003.

They took a chemists” technique to study
solutias ad develgped 1t 1IN awaey to Inege the
bady, which, contrary to gopearance, is nostly
water (about 70%). Unlike CAT (Computerised
Axial Tomography) scanner which employs
radiation, Magnetic Resonance Imaging (\RI)
examines the body only with magnetic fields
ad radio wave pulses ad hes replaced invesive
tedmiques for eanining joints, the brain ad
other vital orgas. The tedmiqe Is 0 sasitive
that it an locate tre site whare different mental
tasks are performed in the brain by esstially
tracking the extra blood flov to the active
regios. Lauterbur dotained spatial information
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to builld an imege of the nolecules arranged In
a structure. Mansfield suplied a mngjor step to
meke Lauterbur’s aonogpt a practical reality. He
showed how to speed up the Imaging process
by deveoping new mathematical tedniques to
analyse the information fram rapidly varying
megretic fields.

Hurmen cells aosist of aoout 70 per cent salt
vater. Trangport of sakt (ions) and vater aut of
ad ino the cells of the bady is very inportant
in understanding many disease prooesses in the
body. For detailed study of potassium land
water chamels in cell merbranes by standard
oeretic tedniques, medically qalified Roderidk
Mackinion and biochemist Peter C Agre, both
of U. S. were jointly anarded Nabel Prize in
Chemistry in 2003. Their work has immense
inplications in uderstanding the diseases of
kidney.

Bioinformatics (use of camputers in solvirg
information related to problems in the life
sciences) involves creation and analysis of
extensive databases on genomes and protein
sequences. It is crucial to acquire massive
bilagical data sets. This includss protelin structure
cata, proteinprotein interaction cata, protein-
DNA interaction data, data on enzymatic and
biochemical pathways, webs of neurological
structures ad pathvays, popullationscale data,
large scale gere epression cata, ecological ad
enviroental data, etc.

Biological modelling used 1n solving any
problems in biology, require mathematical
modelling and camputer simulation. Modelling
techniques can be helpful iIn proposing and
testing hypothesis in molecular biology,
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such as inferring bilogical function, in
drug—designing and testing remote protein
relatiaehip.

Bioredical Engineering is getting more ad
more dependent on computer hardware and
software such as iIn modem pacemakers, some
artificial linbs ad inplanted instrurentation in
the muscles of paralytic patients. Modem
radiology, is, in fact, applied biomedical
engineering fully dependent on computer
hardware and software as used
ultrasoograpy, lgparacsopy, scaming, x-ray,
etc. Other felds are telesurgery, tomography,
virttal anatony and other medical visualisation.
Tele medicine, a big pramise in future health
care, also uses computers and Internet
extesiely.

in

Bioretrics is avther eciting area. It iIsan
automated method of 1dentifying a person with
his or her unigue physiological or behaviaural
cdharacteristics such as finger printing, had
goetlry, ear aotowr, hard wrirg, iris, retirg,
vein, voice and DNA.

Algoritim is a prooess or a set of rules ussd
for calaulation or problem-solving especially
with a computer. Genetic Algoritim can evolve
Cellular Automata which describes an n—
dimensional space divided into regullar cells.
Each el is daracterised by ae or saveral state
variables. The cells synchroossly dage state
based on information from the neighbouring
dk

Molecular biophysics, nanolithography and
electron Ithography constitute biamolecular
electronics, a promising aid in Information
Technology (IT). Analysis of an array of
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protein moleaules hes given rise to the idea of
development of computing chip containing
billion of protein molecules, offering the
possibility of developing very small but
an extremely fast computer. A biochip
woulld be able to perform thousands of
biological reactions such as decoding geres,
in a few secods.

A self-assarbled single metalllo-protein
transistor should be able to gperate at roan
tamperature ad Its performance is expected to
ke qyperior o those of sirgle electron trarsistor
based on semi conductors.

Nanotedology is the building of devices
on a molecular scale-micro-machines such as
gears smaller in dianeter then a huren hair. A
raot srell enough o travel  through the bload
stream ad Into organs of the body, Inspecting
or removing diseased tissue is under
development. The scaming electron microsoope
can be used to see and position single atoms
and molecules, ad to drill holes a nenareter
(illiaith of a metre aacss a \ariety of naterials
including human body).

Bio-electromagretiics is concermed with the
effect of use of cell phones on huren body. It
is a new hazard to youngsters among wham cell
phones are a “status complex” all over the
glde.

With the advances in genetic engineering
technology, large nunber of macromolecules
from various sources—plants, etc. have been
icntrhiad to hae thergpeutac prgoeries. Honever,
the development of dosage forms for such
noleaules ad treir peretration into the site of
interod ection irsice tre body (bio-aeulicbility)
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is a famidsble dallee for the gamecautical
industry. Transdermal lontophoresis is a
tsdmige (y wsing lov intesity electric asrait)
that can fecilitate the celivery of such noleaules
through the skin. A drug resenvoir is placed on
the skin yoon which an electiroce is placed. The
besic principle inohed is electroguulsion. The
drug ions get repelled by the electroce ad are
driven 1Mo the skin. Henoe a positive drug 1on
should be repelled by an anode (anodal
lontophoresis) and a negative drug ion by a
cathoce, (cathode lontophoresis).-

We seem 1o be advancing tonards the cenre
of the mystery of health ad diseese. Only time
will tell. Over-optimisn today may land us in
the den of disgppoirntment tomorron. A word of
wisdom from Max Karl Emst Ludwig Planck
(1858-1947), Nobel Laureate in Physics, 1918
is releat :

“Science camot solve the ultimate mystery
of reture. Ad tet is baaee, In tte kst aalysis,
we aurehes are part of tre rature ad therefore
part of the nystery we are trying to sohe’.

Let us be optamistic. But we should alweys
remarber our limitations.

Secodly, In spite of soectacular progress o
Tar, the message of modem medicine has not
yet reached every hearth and home on this
plaet ; the vest rural world (8% of popullation
live there) is still beyod its reach. It is a
formickble task in this century. It is the main
medico-socio-moral obligation to each and
everyore of more then 6 billion saulls on this
plaret. Health camnot be alloned to becore a
purchesable private camodity in a globalised
economy.
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Thirdly, the cardinal principles of medical
ethics in medical treatment—autonomy,
beneficence, nonHmaleficence (“do no harm'™)
and justice, carot be universally goplied at
present in the developed, developing
and underdeveloped worlds because the
North-South socio-pol itico-econamic divide IS
so wide. This gulf of difference needs to be
elimireted first.

THE EPI OLOGUE

The contribution of physics ad other besic
science to modem medicine is Imense. It has
gathered pace with the march of centuries.
Throughout our contenporary era, the science
of medicire is inseparable from the science
of physics and some of the other natural
Se SN

e have aore a log way-but still loger to
go- The contaporary state of affairs is best
expressed In the poetic words of the famous
poet—Thomas Steans Eliot (1833-1965), Nobel
Laureate In Literature in 1948 :

“Dust iIn the air suspernded
Marks the place where a story ended”
(Uttde Giddirg (192), For Qartets, Part 1)

But the past supplies tre key o the presant
and to the future. The longmarch is on.
Litterateur—Statesman-Winston Leonard Spencer
Churchill (1874-1965) Nobel Laureate in
Literature in 19653, hes alreedy infused a ray of
optimism for all of us while addressing the
Royal College of Physicians in March,
194 -

“The longer you can look back, the further
you can look forward”.
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ANNEXURE
HISTORY OF DEVELOPMENT OF MODERN / RATIONAL MEDICAL SCIENCE
[ HIPPOCRATIC (c460-370 B.C.)]

CHEMISTRY ANATOMY PHYSIOLOGY
[Hergohillus of Aleandria (c. 300 B.C.); [Erasistratus of Chios
Andreus Vesalius (1514-1564)] (c. 30-X0B.CH]

. Gastric Degestion
Fermentation - -
. Enzyme Chemisti [Lazzaro llawzani
[Louis Pasteur (1822-189%5] i (1729%_]&799)]
Blodlemlstry > MEDICI NE
PHYSICS > MOLECULAR >y MOLECULAR

BIO- PHYSICS/ BIOLOGY MEDICINE
GENETICS

Sickle Cell Anaemua

Inbom Errors of Metabolisn [Carl Linus Pauling
[Archibald Edward Garrod (1901-1994) : Double Nobel Laureate-
(857-193N)] Chemistry, 1954; Peace, 1962]

I NFOSYS FOUNDATION AND I SCA TRAVEL AWARDS FOR SCHOOL  STUDENTS

With a donation from Infosys Foundation, Bangalore, the Indian Science Congress Association
has instituted an award namely, “Infosys Foundation — ISCA Travel Award” from 2004-2005 to be
given annually to five students (upto Cllass XII) during the Annual Session of the Indian Science
Congress Association. The awardee will be paid TA (AC 1ll-tier/Chair Car Train Fare), local
hospitality, and a Plague for attending the Congress.

Five more deserving students will be funded for attending the Science Congress Sessions from
the amount accrued from interest on sale of the special volume on “Shaping of Indian Science”
published by ISCA on the occasion of the 90t Indian Science Congress. The students will also be
given TA (AC Il1-tier/Chair Car Train Fare) and hospitality for attending the Congress.

The selection of the awardees will be made by a comittee constituted by the host university
on the basis of a write-up on—\hat devel opnents in Science during the last two years have
i nfluenced you and why ?

Interested students (Upto Class XIN) are reguested to submit goplications with the above write-
up and brief bio-data (name, address, school, date of birth, class, phone/e-mail, extracurricular
activities etc.) Applications should be forwarded by the School Principal/Headrester to reach the
office of the Local Secretary on or before 15 November, 2005

Communication Address : Prof. B. Satyanarayana, Organising Secretary, 93rd Indian Science
Congress, 1-8-702/62/17, Behind Shankar Mutth, Hyderabad-500 044 ; Tel : (040)27098029(0),
(040)2761 6768/55166768(R) ; Fax : 91-040-27098029 (Attn. Prof. B. Satyanarayana) ;
E-mail : apas1963@yahoo.co. in/snbodla2004@yahoo.co. in
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DI MENSI ONS OF

STRESS RESPONSE

Amere S. Sreedhar®*™

Stress response i s a universal phenomenon. The term

or psychol ogi cal change that disrupts the organi sms bal ance or honeost asi s.

many systens in the body, however,

level. Al organisns, frombacteria to humans

changes in their external or internal environnents, that is,

“stress”, generally refers to any physical

Stress activates

through a defined nechani sm which starts at the cellular

, have evol ved nechani sns to deal with significant

stressors, though the bi ocheni cal

mechani smlies behind remains the sane. The foll ow ng di scussion focussed to understand the

significance of stress at mol ecul ar |evel.

ORI GI N OF STRESS

Primer of Stress-A Parable

Id days veras presait day - Udoubtedly,

evwlution is the process In which traits
suth as the stress respose are shgpad by ratural
selection. It would be very interesting to
uderstand how this natural selection gives a
selective advantage, over the dramatic danges
both in socio—-economic and environmental-
biochemical perspectives. Let us imegine the
ewolution of cavemen to chemist, which Is a
course eloring landmark techrologies on the
road to modem industrial civilization. In a
comparison with the old days, imagine that
cavemen come across with a tiger when he wes
hepily piding up barries in the willd. The sigit
of tiger, mekes him to respod imediately, as
his hypothalanus sends a message to his adreral
glands, and within seconds he responds to the
sittetian, G hear clearr, thirk faster, jup higer
than he coulld only seconds earlier. All this

* Centre for Cellular and Molecular Biology, Uppal Roed,
Hyderabed 500 007, India. Email : assr@oorb.res.in
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heppens In response to the biodhemical danges
within his body, ace he finds a safe place he
relaxes bringing back all his flexes to normal
ad cools doan. In the present day, despite of
the technological advances, the human body
did not dange, essentially modem men hes the
sare set of intermal body parts as that of the
caamrEen. Hever, there are certain evoluticary
adgptations, ance needed for survival, can now
work against us. For instance, we are no more
threaterd by camivorous animals, et the daily
anmpyane ad axieties that we encounter trigoer
the sare response as those of caveren spotting
a tiger do. This situation results in aur blood
pressure elevated. Bqposure to this kind of
aotinuos pressure/stress over the years leeds o
various civilization diseases, like cancers,
hypertension, etc. In a way, all these aonstant
stress eats reault in a date In gae eqressian
which is the noleaular besis for life.

EVOLUTI ON  OF STRESS

Cronic stress - There hasn”t been time for
us to ewolve physiologically fron the high-
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threat, short-duration stress situations that
primitive men faod to tre relatiely lov-threet,
log-duration stresses of modem society. Ghyaonic
stress can have an impact on the overall
effectiveness of imunizations designed to
protect egairst infectias diseesss. (hrnic stress
also associated with many cellular dysfuctias
ach as hyertasian, infertillity, atherosclarcsis,
etc. Chronic stress is kelieved to have evolhved
with modemization and speed of change In
every agxcts of life.

Acute stress - The best way to envision the
effect of aoute stress is o Imegire aexelf Ina
primitive situation, such as being chased
by a lion. After a sudden loss, injury or
aoplicated illness, a person ney go through a
periad where they experience feelings of fear,
helplessness or horror as well as saore physical
symptoms. Acute stress evokes immediate
resoponses in the cardiovascullar, endocrine and
imune systems.

Adaptive stress : The abillity of a cell, tisse,
or organism to better resist stress danege by
prior equosure to a lesser amount of stress is
known as adaptive response. Adaptive stress
has been extensively studied at the molecular
level how cells/organisms cope up with the
damege caused by erther enviromental factors
or trauma (for instance in post operative
aditias) etc. Tre differential resoee of stress
depends to some degree on individual’s
conditioning and on the amount of adaptive
energy that the particular individual is bom
with.

The word stress comes fram the language of
engineering meaning “any force which causes
an object to change”. The Austrian-Canadian
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Scientist Has Sley, first oired the word stress
in relation to humans back in the 1930°s. In
huren tems, It refers to the body’s regoose o
physical, denical, eotical or soritital forces
that mey called to adgpt to. Hoever, Stress is
hard to pin doan : fatigue, overwork, loss of
blood, physical injury, grief ad joy can all
produce stress, but none of them accurately
describes what it is. Thaugh the reflex of stress
response IS seen at the organismic lewel, the
infdatian ad the act of stress regoose coor at
cllular leel.

STRESS

The adgptive response of the early cell that
existed over 30000 million years ago adjusting
r=elf o tre eviromat resuktd in e evoluaon
of a spectum or nore orgenized life-foms, fram
the photosynithetiic bacteria to man. In this
process, nmore then 99% of all species of living
organists that existed at are tine or other are
now extinct and they have no present day
descendents. The ones that have survived are
more equiipped with transforming abilities to the
adverse conditions around and within their
enviromment. What enabled them 1 do so was
the evolution of stress respose gares, a set of
highly conserved and abundant genomic
SeqUENCesS.

Almost every organism (except, the fresh
water cnidarian Hdra o igactis and the atarctic
Tish, Trematomus Bernacchii ) responds to stress
ad synthesizes a set of proteins called stress
proteins. This response is highly cosened ad
hence the stress response is a universal
phenarenon.. The stress proteins (also called as
heat shock proteins) hereafter called Hsp-s,

PROTEI NS
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appear to be induced In response to a wide
\ariety of stressors such as heatt ok, metaolic
stress, hydration, genotoxic stress, oxidative
stress, asotic stress, radiation stress, denical
ad carcinogenic stress, etc. ad are associated
with protection fran further insults.

Hgp-s are assiged to gere families based an
their molecular weight, the high molecular
weight proteins, Hspl00, Hsp0, Hsp/0, HsptO
and Hsp40 folloned by low molecular weight
proteirs, tre srall Hp-s axh as alde-aystallire
and Hsp 27 members. The basic function of all
Hsp-s under normal unstressed conditios is o
fecilitate folding ad trangoort of deratured or
reMy synthesizd proteias, hence these proteirs
are also called “molecular dgperones™.

DI SCOVERY AND CURRENT RESEARCH

The dicswery of Hsp-s iN Dorsophila sal ivary
glands by Ritossa unraveled the mystery of
stress regoee theory ad further studies proed
that stress respons2 is a ininversal phenameon.
In the early days of research on Hyp-s, It wes
postulated that Hyp-s are mainly inohad In the
oytoprotection after stress, also protection fran
Subsequent stress. Honever, the discovery that
a large amount of these proteins presant in cells
under normal unstressed conditions (1% iIn
case Hsp70 and 2-5% in case of Hsp0 total
oytosolic proteins) supests that these proteins
are inwlved iIn the maintenance of cellular
homeostasis. In support of this delection of
Hsp0 is lethal in higher eukaryotes though
these effects were not seen in prokaryotes,
becteria (E coli). But, both In plants ad In
higher elkaryotes these proteins sernve as mjor
ceonstituents of cytoprotection and cellular
management.
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The bacterial stress response is a global
regulatory system required for effective
adgptation to dhanges in the enviroment. The
stress proteins, which are associated with this
adaptive—cytoprotective process are highly
oconserved among and between species. This 1S
e in case of plants too, where enviramental
adbptations have been extensively studied. For
instance, drought tlerance in plants In a case
study revealed that, loss of water in thelr
vaetative stae o the extranes of desiccation,
shgpes 1o the adgptation which involhves, rapid,
non-destructive drying of existing leaves ad
thelr susatt survinal after water is retumad.
Whatt mekes the decision In such cases for these
acgptine reporees? Interestarply, It is an inHwuikt
pre-existing protective system, which helps iIn
this process. The rgmair cgeecity, stored in the
form of R\Ps (ribonuclecprotein particles), is
believad to be the major effector in neking the
dehydrin transcript, a protein helps in this
protection which is similar to Hyp-s. Recently
tremendous amount of work has been done on
plant Hsp-s ad their role in adgptations ad
cytoprotection. In highly evolved systems,
honever, when the cells becore dehydrated, It
triggers a catabolic state acoompenied by mscle
westing, cell hypoxia (ayoen starvation), D\A
demage, and accelerated aging. Therefore, the
cell beaores nore sersitive o free radicals ad
more susceptible to viruses and autoimmune
diseases. Virtually all synptors of aging are
the result of cellular dehydration acoonpenied
by free radical darege.

In the early stages of a sucoessful adgptive
response, cells may have enhanced cellular
functian, vwhich is simillar to the stress respose
during pathgdysiolagical coditias. Thus, it is
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hard to distinguish between a patiologic resoose
Vis-a-Vis an extrane adgptation to an excessive
functional demard. Honever, the first ad far
nost nmportant thirg for a cell © o is o protect
itself fran further darege. There are nultiple
pathological conditions, which are associated
with induction of Hp-s. In nery instances, this
kind of induction does not correlate with the
protective efficacies, Instead may sene as a
kind of danger signal for the imune mediated
cell killing or escape fram the IMmure invasion
thereby resulting in malignant cell
transfomation. In such cases, the Hyps ed W
in erfancing the danger causing twors o soreed
to the by-stander cells. Other foms of stress
such as inflanmation, fever, W irradiation,
viral infection, malignancy, axidation, heawy
metal exposure, etc. also involved in the
induction of Hsp-s. Hgp-s play a housekeeping
role In Imune system responses and hence
have been inplicated In the autoimune diseases
such as rheunatoid arthritis, systemic lupus
erythmatosis, and ankylosing spondylitis.
Seematter? has shoan the relationship between
stress ad metabolic disorders.

Fever is one of the most comon forms of
stress experienced by most organists. Fever
occurs when either exiogenous or endogenous
pyrogens affect the synthesis of prostaglandin
E,, the modified fattyacid and the messenger
which is inohad In the Inflamatory responses.
Prostagladin E, sloas don the rate of firing
of worm sensitive neurons and results in
increased body tenperature. Fever induces the
productaon of Hyp-s, attcal for cellular survinal
during stress. Hyp-s goart fram treir fuction as
molecular chaperones also have an anti-
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inflammatory role. Hsp-s and the heat shock
response gppear to inhibit the activation of
transcription factor, N~kb, which is also,
involhved In the Inflamatory responses, thus
decreasing the levels of proinflaamatory
oytokines. \Wat mekes fever? Fever arises as a
result of alterations in hypothalamic
thermoregulation, with and Increase iIn the
normal body temperature value in the
themoregulation center of the anterior portion
iof the hypothalamus. Do we see the same
response in the modem human as our cavemen
ancestors care across the similar hypothalamic
responses? The answer IS, Yes, we do, and in
both Instances, the stress resporee IS bereficial.

CHRONI C

Chroniic stress is associiated with psydolagical
distress, where elerents such as unsatisfectory
social supports and poor coping skill may
contribute to the factors. The psychological
distress is associated with poor health hebits,
such as insufficient execrcise and poor diet,
besides a number of changes in body
composition and metabolism that are well-
esteblided nisk fectors for heart dissese. Ghronic
stress is also associated with aostant elevation
of Hsp-s. In an interesting study? frequent
exposure to radiation fram the comonly used
cell/mbile phones induce cancers, also induce
Hsp-s. In fact chronic expression of Hp-s IS
known to iInduce or promote oncogenesis,
metastasis ad/or resistance to anticancer drus.
Repeated exposure to mild stress wes also shon
10 enhance the resistance to bigger stress. The
most common example of chomic stress iIs
tdeo use, ad the rats fed with this srokeless
tdoeom are uder dronic stress exhibit elevated

STRESS Hsps



[ 1] O]

Everyman’ s Sci ence

VOL.

XL NO. 3,

[ ]

Aug. —Sept .’ 05

anunts of HgR0. In addition, chronic hypaxia
also Induces Hsp90 and helps adapting the
aurrant situation. Lov callorie diet ad eercise
also shovmn to Induce Hsp-s, where enhanced
Hypo-s protect cells firom the stress induced tisse
darege. In cotrast, althaugh short exqposure o
electraregretic field Induces Hsp-s protects
dhidk enbros, continuous eqosure reverses this
protective effect.

Acute Stress : Hsp-s

Acute stress iIs a immediate effect on the
physiological system. Acute stress iIs often
consiidered non-adgpted stress response, hence
at times considered as pathological it the
organism 1Is not ready enough to respond. As
thee flees for aaute stiess are O fast, ae cn
imegine/expect its role by neurological means.
Tre actie stress iduoers incluce such as isdemia
and reperfusion, hyposia and reoxygenation,
byperthemia and oxidative stress at the
physiological level. Whille chronic stress has
been shown in many studies to have a
suppressive effect on our body’s Immune
responses, new research dons that sort, acute
stresses might actually be good for our Immune
systam where a stress response which alters the
expression of Hsp-s and activates immune
mechanisms involving Hsp-s. There are several
reports regarding the involvement of Hsp-s In
tumor immunity and autoimmune disorders.
Arong many acute stress inducers, hyperthermia
is extensively studied. Hyperthermia, many a
tnes, is bereficial as 1t protect cells/tisses
fran further darege using Hp-s as lifeguards.
Post-gperative conditions, trauma are the best
example iIn this case. Only in a few cases
hyperthermia is associated with heat cramps,
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heat edaustion, or heat strde. It is fraqent in
hot working or living enviroments ad results
in auto-antibodies, probebly maintaining the
ADAPTI VE

STRESS Hsp-s

The adaptive stress response can be well
conpared to our day to day activities as to
adjust with the life style with aostant dages.
It can even better ke elained by the evolution
o gecies. At cellular leel, trere are nultaple
molecular interactions, which help iIn this
adaptation. We can draw “n” nunber of exarple
for adaptive responses from our simple
experiences how we changed ourselves to the
changes in our surroundings during our
progression. These changes are accunulated
over the years with constant adjustment and
accomodating to the situation, which include
lot of conpromise and sacrifice. Honever, at
cellular leel there are plenty of exaples how
these adgptations involve a dange in the gere
expression and contribute such an adaptation.
For example, how a mortal cell changes its
phenotype to imortal, the best exanple is
aultured cells, which can be maintained through
passages and are considered immortal
phenotypes aompared to their paretal origins.
It was shown that certain family members of
Hy-s called mortalins antribute for this dae.
Interestingly these phanotypes exhibit entarely
different type of cell gronvth progression ad
execution where they are devoid of normal
death (gooptosis) process, ad drives 1o a state
called senesoance, folloned by cell death. This
is the sae In ca== of cacer cells, were trese
cells are associated with high expression of
Hsp-s which contribute for the protection fram
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damage and helps in their speed of growth
which demands repid folding and transport of
various melocules between the cellular
compartments.

The evolution which deals with the gene
pool of the popullation gradually changes in
response to envirommental pressures, natural
selection ad geretic nutation, hes a mgjor role
in the adgptive responses, hence considered as
a log prooess. This can ke ellainad 1n a better
way saying that the ability or the cgoecity of an
orgenian to ewolhve, the evolvabillity. In case of
cellular eviromett, the adgptive resposes are
not stable and keep changing with the
enviromment as to fit to the need and mould
themselves o the requirenent. For example,
tumor cells need constant changes in their
phenotype to escape fram the imune attack,
where Hgp-s were shoan to play a major role in
these quick adgptatios.

SMALLER STRESS

VERSUS Bl GGER/

PERSI STENT/ CONSTANT STRESS

If ae ddates an the kind of stress, whidh is
bereficial, it is sall ad quidk stresses vwhich
helps cell o resod quidddy. In fact similar
the protective mechanism which is stored In
plants during dehydration in the form of R\Ps,
though the mammalian stress respoee s tightly
regulated at trascriptiael leel, te regoee is
very quick ad in fact Mosser et a have shown
that 3-5 minutes iIs enouch o have first stress
responsive Hsp mRNA synithesis. Bisht et al
have shoan that this response though quick, the
proteins are stable for more than 8 hours ad
the system maintains this inducible amounts for
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nore then this time. In contrast, bigoer stress
though shown associated with inducible Hsp
gynthesis failed to protect cells fron stress
induced damage or death. In addition, when
cells fails to get protection from Hp-s they ot
for necrotic death. In case of persistent or
arstat stress, cells try 1o adgpt o te sittatin
where Hgps plays a mgjor role In cotributing
for this prooess. Hoever, laer persistant stress
contributes for civilization diseases due to
accumulation of nutations and dareged proteins
with the help of Hgp-s.

Sunmary and Concl usi ons

Because so much investigation on Hsp-s is
going on these days, the question arises as
to whether and how frequently organisms in
nature undergo Hsp-inducing stress. Fram the
major three stresses, dyonic, aoute ad acbptine,
it is evidht thet stress is part of life ad evary
organism must have had experience of it
(Rgae-). As ve s old days stress is baeficial

Adgptive Stress
Aaute Stress é Chroniic Stress
Sl ow Process Ada)‘mtim
Qui ck Process * Sress

Nor mal

condi ti ons Stress Proteins/ codi tions
% Heat Shock Proteins — )
Cellular Cytoprotection

homeostasis \ Sress
. condi tions
Nor mal
condi tions Oel! Death _
Apoptosis/Necrosis

Fig 1. Depicting the role of stress proteins in
various cellular and adaptive processes.
ad is dort Ined, in attrast in tte amat days
stress is an integral part of day to chy activilties

Qutiick Process
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and exhibits deleterious effects. It is also
interesting to understand the functional
axtribution of retural variation in the quentity
of biodemical efficacy of Hp-s 1o physiolagical
stress tlerane as vell as respoee. In addiion,
the Innate and adaptive Inmune responses
regulated by Hyp-s al<o tell us the evolutiaerily
conserved phenomenon of Immune response
ad its role in civilization disessest. Acoording
to Prof. Peter Csermely, the accumulation of
stress proteins aotributes for the civilization
dissases. In addition, they also doan o act as
capecitors/buffers for norpholagical evolutia?
in Drosophila and Arabidopsis. Whether
orgeniSTs uderyo such stress in the willd is o
longer equivocal, having been demonstrated
many times In diverse species and natural
enviomments. Indeed, numerous Investigators
ad comercial concerms have begun t explort
this feature to assess biological and
anthropogeniic stress. We do not know i ratural
exposure to stress and consequent gene
epression is routine, fregquent, or rare; nor
whetter the studied Secies are typical or deviant
in their exposure o stress ad gee epression.

Such knowlledge is needed, because It is
fudarental In evaluating the effects of stress
ad their sigwhicae.
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MODERN AGRI CULTURE AND ENVI RONMENTAL POLLUTI ON

Koushik Mukhopadhay* Ranjan Bera*, Ratneswar Roy**

In this era, advances in nodern agriculture to neet the increasing food grain demands have
adverse effects on environment. Increasing chemcal inputs in agriculture, in ternms of inorganic
fertilizers and pesticides, along with the inefficient use of organic wastes wi thout carefu

handl i ng, affect adversely the biophysical environnent creating serious threats to human bei ngs.

[ ]

Li beral application of organic nmanure,

in addition to judicious application of inorganic

fertilizers and pesticides, should be encouraged as far as possible.

I NTRODUCTI ON
W With the present growth rate in
populatian, which is anticipated to acss
billion mark by 2020 AD, for which 325 million
tones food grain willl be required! against the
presant level of food grain production at about
2089 million tones during 1999-00. Since there
is no soope for horizomtal expansion of land
areq, to atieve the targeted leel of food grain
production, the major emphesis hes, therefore,
been given on iIncressing the existing level of
productivity of different crops through wider
adoption of aost effective tedholagies, bringing
nore aress uder high yielding varieties, hybrid
ad mporved varieties of principal cagss ad
incressing the argoping intensity with the help
of imigation fecility alag with use of denical
fertlizars ad pesticicess.

* National Bureau of Soil Sunvey & Land Use Planning,
Regional Centre, Block-DK, Sector—I1, Salt Lake,
Kolkata—700091

** Department of Soil & Water Conservation, Bidhan
Chandra Krishi Visnavidyalaya, Mohanpur, Nedia, West
Barpal.
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Since India’s independence in 1947 till the
mid-eighties, spectacular development of
agriculture took place, with the adoption of
improved agricultural techrologies by farmers
leading to green revolution in food grain
production and white revolution in milk
production. But, sinultaneously; It hes given
rise to pollution of rature in various vways thus
it is becoming nore diffiault In sustaining the
crop procuction.

SOURCES OF POLLUTI ON

The enviroment is plagued with different
kinds of pollutants. Cotinuous inbalanced use
of fertilizars ad indisorimirate wee of pesticidss
on crops and soil along with organic westes,
including darestic ad industrial senege sludge
and food processing wastes, cause serious
environmental pollution. A group of heavy
metals such as arsenic, cadnium, leed, meraury
have allso been proved to be toxic to human
being and other animals as they move along
with food dain. Salts ad acid rains are other
major sources of enviromental pollution.
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ENVI RONMENTAL EFFECTS OF

FERTI LI ZERS

Fertilizers play a key role In increasing
agricultural production. The fertilizer
consunption of India has Increased many folds
in recat years (Table1).

Table 1 : Al India Consunption of N, P,Q, and KO
innllion tonnes
Year N P,04 K, O Tot al

1951-52 0.0587 0.0069 - 0.0656
1956-57 0.1231 0.0159 0.0148 | 0.1538
1961-62 0.2498 0.0605 0.028 0.3383
1969-70 1.3%6 0.4160 0.210 1.9
1974-75 1.766 0.4715 0.33%61 | 2.5726
1980-81 3.687 1.2136 0.6239 | 5.5245
1985-86 5.680 2.006 0.808 8.473
1990-91 7.997 3221 1428 | 12.646
1994-95 9.510 2.4 1.0644 |13.5184
199798 |10.91 3.2 1.37 6.2
1998-99 [(11.35 411 133 16.79
1999-00 | 11.59 4.8 1.8 18.07
200001 | 10.92 42 1.57 16.70
200102 | 11.42 4.2 1.1 17.55

Source : Fertilizer News, Novenber, 1999.

Continuous, increased and imbalanced use
of chemical fertilizers, has caused alam
regarding possible side effects in relation to
environmental pollution in different states of
aur autry. Repeated use of demical fertilizars
without adding adequate amount of organic
manure is causing the soil to becore nore ad
more hard and inmpervious to water.
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Effect of Long Term Continuous Use of

Ni trogenous Fertilizers on Soil Properties

In developing countries, unabated use of
nitracaos fertilizrs hes tte largsst antribuian
to the deplletion of soil fertility ad its aderse
effects an physical prgeerties of sail It is ol
that whereas an gplication of 174 kg V& in a
fermer’s field increased the rice yield by a
factor of 2.9, it enhances the reroval of P, K
ad S by factors of 2.6, 3.7 ad 4.5 resectively?.
It hes been also proved that long-term use of N
causss reductaon in noisture aontent: at differant
s0il noisture tasias. Dearesse In total carbon
ad nrtrogen content and reduction in becterial
and fungal growth and population in 0-18 am
soil dgoth.

It is reported thet aontdinuous gplication of
nitrogen through amonium sulphate for 28
years at Kanke, Ranchi, reduced the pH of soil
by more than 2 units and increased the %
aluminium (Al) saturation to more than 60,
inprovised tre soil with respect to edageeble
catios ad reduced the aailability of Zn, Qu,
Mn, while NPK + lime and NPK + FYM treated
plots did not suffer fran such maladiess.

Ni trate-Ni trogen Contani nation of Water

Chemical fertilizers mainly N, P and sare
heavy metals like cadmium and lead cause
Enviromment pollution, nitrate-nitrogen being
most Inportant. Again with nitrate-nitrogen, the
focus is on pollution of drinking water or
surface water and elltrophication. Plant
nutrients, specialy NO;-N in solution form of
3 pom or above when added to surface natural
water, encourage the undesirable growth of
aquatic microflora and aguatic algee which is



Everyman’ s Sci ence

[ 1] O]

VOL.

XL NO. 3,

[ ]

Aug. —Sept .’ 05

temed as eutrgohicatiat. This uvated groath
eentually leads to acounulation of cosidersble
messes of dead organic materials that udergo
decomposition. Since decomposition uses up
axyoen in water, casing the other aguatic life
1o die ad near aneercbic condition to develop.
Higher concentration of nitrate in groud water
is ufit for drinking. World Health Orgenisation
(WMHO) recamended that driinking water should
not contain more than 11.3 mg NOy/L as
permissible for drinking water but upto 50 mg
NOs/L is aceptable in European Economic
auntries.

Ef fects of Excess Nitrogen (NGOG, or NH;) on

At nosphere and on Hunmus and Animal Health

Fertilizer-nitrogen contaminattion of water
increases the possibility of hazardous NO;
concentration. A high nitrate groud vetter (10
mg NG N/L) when used for drirking is involved
in the incidence of methemoglidbinemia or blue
baby disease®, which occurs in baby mamals.
High amunts of nitrate (100-150 pom) are also
allad o case birth defects, gestric cancer ad
nenous system impaiment.

Among the gaseous products of fertilizer-N
trasfomatians, NO (hitrous axide) is of major
concem. Nitrous axiide s capeble of praroting
destruction of the stratospheric azore layer,
which protects the biosphere fran the harmful
of nitrous axide fran agriaultural fields.

Envi ronnmental Effects of Phosphate and Potash

Fertilizer

The enviromental pollution due t leaching

of phosgratic aonpounds fran agricultural fields
ad the eutrgohication resuktaing fram i1t are in
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gereral nore localized and of minor inportance
compared with other sources of phosphatic
pollution in ground and surface water viz.
industriial detergent, washing ponder, phosphete
fectory efflants, etc.

It hes been foud that during the production
of S in the factory, byproducts like sludee,
which cotains dojectioreble amount of fluoride,
might cause pollution If and when mixed with
finished product syperpogtate as filler.

Available literature indicates that potassiun
does ot cause enviormental praollem at present.

Hazar dous Effect of Pesticides on

Envi r onment

Resticices play an inportant role in antrolling
different types of pests causing daneges to the
a plants. Resticidss ot anlly protect ar ags
ad livestodk fram insects, diseases ad weeds
but also helps t© sae Iives fran yellov feer,
encepralitis, malaria, plague ad other insect
tramsnitted dissesss.

Unforturately, exosss ad indiscriminate usss
of pesticides are nov-a-days causing serious
problem to the enviroment. The mgjor prablems
are—

(@ Some pest organists (particularly the
insects) have develgoad resistance to denicals.
This necessitates higher doses or develgoment
of new dhemicals to replace those demicals to
whidh the pests are resistat.

(b) Some pesticides are not biodegradable

ad terd to persist for years together in soil
resulting the movement of chemicals to the
other parts enviromenté.

(©) Detrimertal effects of chemicals have
been found on ecofriendly organian other then
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targeted grawp of orgenisns. It hes been proved
that as littde as anly 1% of the gplied pesticice
is used to knockdown the targeted organisms
where as the rest 9% moves Into the soil.

Pesticide Residues in Oop and its Effects on
Envi ronment

The inproper ad continued use of pesticides
over the years may pollute the enviromment.
The movement of pesticides between soil,
living orgenists, water ad alr can cottaminate
all the parts of enviroment. The residues in
the soil may concentrate into the bodies
of soil invertebrates and arthropods, and
fran these, they may get transported into the
bodies of higher organisms through the food
dain’. Further, pesticides are knoan to affect
reproduction in same species, both through
the reduced egg laying and decreased thiddaess
of eggshell. In addition, pesticides may
aoversely affect the soil microorganists ad
thus cellulose decomposirtion, nitrirfication ad
symbiotic nitrogen fixation in soil are
recuioed.

In recent pest, a suney carried aut by Indian
Caurcil of Medical Research, New Delhi, It wes
Tound that 51% of our food cormodities were
oontaminated with pesticide residues and aut of
this, 20% had pesticide residues above the
meximum residues limit.

Persi stence of Pesticides in Soil

Resticides gplied to ertter soil or ags are
sbjected to \olatilization, leaching, demical
modification and microbial degradation. The
persistane of pesticicke is tre legth of tine that
a pesticide (denical) remains active iIn soil.

189

The persistence of pesticice varies fran damical
1o chemical . Mgjority of pesticides gererally
degrace rapidly after goplication to soil or an
crop but which do not do so, have the
potentiality to build up of concentrattion of
chemicals in soil indicating the risk of
environmental pollution. Comon ranges of
persistence of sore pesticides are given in
Table-2. Those chemicals with greatest
persistence have the higher risk of bringing
about enviromantal pollution.

Table 2 : Comon Range of Persistence of Sone
Pesti ci des’
Pesti ci des Per si st ence
Arsenic Infinite
Chllorinated hydrocarbon 2.5 years
insectiicides (DT, Chlordare)
Triazire herbicides (Atrazire, 1-2 years
Simaezine)
Berzoic acid herbicide (Amiber, 2-12 months
Diuron)
Urea herbicides (Monouron, Diuron) | 2-10 months
Prenoxy herbicide (2, 4-D) 1-5 months
Organophosphatte insecticide 1-12 weeks
(Valathion)
Carbarate Insecticide 1-8 weeks

Contami nation of Soil and Envirnonment

wi th Toxic |norganic Heavy Metals

Public attention has been drawn during the
recent years on the envirommental pollution
through a number of iInorganic compounds
including those containing mercury, lead,
cadimium, nickel, copper, zinc, molybdenum,
flourire and boron.
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Effects of soe heawy metals on crop gronth
and humen health are as folloas :

Ni ckel (Ni)

Nickel content in soil eries from 4-55 pon
but 1t can be as high as 1000 pon. Nidel i1s a
stragly phytotoxic elerent, being several tines
more toxic then Qut. The normal concentration
of Ni in plait is 0.1-5 pan of dry weight but at
50-100 pon 1t becames toxic to plant.

Higher concentration of Ni causes skin
disease, dematatis, kidey ad Inver disfuction
of human being.

Cadi mi um (Cd)
Cadmium is a highly biotic elerent de  Its
close assoeiation with publlic health ad terdacy
to get accumulated in mammals and plant.
Cadnium contentt in soil varies from 0.06-1.1
pom, at 10 pom concerttration it becares toxic
to plait. Incressing level of Gd concentratiaon in
plant hes depressing effect on plat grosth. It
hes been foud thet P helps In counteractaing the
depressing effect of Gd on the yield of rice.

Cadmium concentration below 10 ppm is
toxic to human being causing pulmonary
disorters, remal disounction, hypertension etc.

Arsenic (As)

Arsenic was used for many years as an
insecticice an cotton, tdoeoo ad fruit ages. 1t
is still being usd as defoliat or vire killer an
lann. This heawy metal is foud as constituent
in geecific fugicide, herbicice, insecticice ad
tad to be cocentratad in dovestic ad irdlstrial
sweage-sluge. The toxic effect of arsenic
residues had been found in vegetable crops
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gron in the field. This metal eerts its toxic
action by attacking SH group of an enzyme,
therdyy irhibrtang eyre acdan. It also preatts
the gereration of ATP. The major action of
arsenic is coegulation of protein, compleation
with co-enzyme and uncoupling of
phosphorylation. The maximum permissible
aoncentration of arsenic in drirking veter is 50
uy/L. The averse effects of excess arsenic on
human health include perforation of nasal
spotum, black foot diseese, paralysis of rerves,
skin ad lug concem etc.

Copper

Sanege-sludge cotains “Qu” in the range of
840-4000 ppm. The EPM Himit is 4300 ppm
with a maximum loading of 1500 kg Cu/ha.,
25-300 ppm “Cu” of dry matter can be
phytotoxic. 25-300 ppm dry diet can be the
tolerable limit by darestic aninals.

(Cu)

Envi ronnental Effect of Organic Waste

The dorestic ad industrial senege-slude is
used freguently in different countries as argenic
manure for crop production. These organic
westes eert bereficial physical effects an soils
ad are significant source of plant nutrients.
But they comonly carry considerable amountt
of inorganic as well as organic chemicals
(Tabl e-3) , Which may have harmful effects on
environment. Sludge should not be used on
crops which are grazed (grasses, clowes) or
those eaten fresh by huren (lettuce, carrot,
radishy. The agss suth as leafy vegetebles like
spinach are most likely to be high in heavwy
metals when gromn on sludge treated soils ad
tre lesst effected are the grain aqgss, fruit ad
other seed agos.



[ 1] O]

Everyman’ s Sci ence

VOL.

[ ]

XL NO. 3, Aug. —Sept .’ 05

Table 3 : Average Consunption of Sewage-sludge

fromMnicipalities in U S A

Concentration on Concentrations
Conposition H enents

dry weight basis in ppm
Organic catm 4 ac 1740
Total nitrggm 33 Copper a0
Total gogdons 23 Chromiium 80
Total suldur n Nidel &
Calcium 39 Cadimum 20
Sodium 02 Led 50
Potassium 03 Meraury 5

Aic D

Source : Selected data fromL.E Sonmer J. Environ.

Quality, 6, 225-232, 1977.

The nost serious eviromaal threat causd
by food processing weste disposal is that of
weter pollution by nitrogen. If such naterials
are dutpad these erode Into surface water, they
also reduce axygen in the water because of high
chemical oxygen demand value and cause
eutrophication fram nitrogen and phosphorus
added by the westes.

Ef fect of Salts on Soil Environnent

Contamiration of soils with salts is ae fom
of soil pollutan, primarily agricultural in origin.
Salts acanulate In soills because nost of them
inolhve into the root zore of the plat ad then
move out. In high concentration, they hinder
plant gronth, speed up corrosion of metals,
meke drinking water unpalatable ad interfere
in many other uses of water. Salts move up
fran lorer horizon ad coentrate iIn the surface
il laers. Sore sanege-slude e sufficiently
high lewels of salts 1o cause ap plats darege
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when the sludge is applied. The control of
salinity degpends etirely on vater, 1ts qality
and management.

Ef fect of Acid Rain on Environnent

Scientist in Europe and North Arerica have
drawn attention to the marked Increese In the
acidity of precipitation over recent decades.
Rairnwater normally has a pH of about 5.6
owing to the presence of HC00; formed from
the CO, in the atmosphere. Acid rain is
goparently die to the axidation of nitrogen (N)
ad suHur (5) acottaining gesses that dissohe In
water vapour of atmosphere to form H\NO; and
H0,. Folloming reections are thought to ooour.
HO

2NO + O, P 2NO, P HNO3; + HNO,

HO

250, + 0, b 2S04

The effects of acid rain are more pronounced
o the acidity of vater, since most of tre figes
camot wlerate H leel belov 4.5. The effects
of acid rain on soil are less hazardous. But
antinued input of acid de 1o acid rain at (H 4-
4.5 hes significant effect on the pH of soils
specially those that are weskly buffered since
increased acidity can make them less fertile.
Many adverse effects of acid rain were seen on
forestland and on steep mourTtainous aress iIn
North America where gpplication of lime was
difficit

b 2H,S0,

CONCLUSI ON

It is quite evident that though we recuire
more food to feed our huge population for
which more and more crop production is vital
but not at the aost of polluting the eviramatt,
which in twm will cause health hezard of both
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human being and cattle. It is true that crop
production cannot be sustained if inorganic
fertilizers and dhemical pesticice are used In
indiscrimirete way resulting in pollution of soil
ad water. Further, it is true that we canot
achieve the target of producing more and nmore
crops year after year with the use of only
organic manure and phytobased chemicals to
aorhat vwar against insects, diseeses and weeds.
Sore of the egriaubtural tedrolagies gorgoriate
1o presene the eviromant gal ity with priority
are—

(@ Integration of traditional conservation
oriented farming techniques with current
scientafic tedrolaies.

(b) BEmphesising soil based practices (crop
rotation, green manuring, crop residues ad
animal resides use).

(©) Integrated pest management (cultural,
biological and biotechnical control of weed,
insect ad disease pathogens).

(@ Integrated nutrient menegament.
(© Coservation of natural resources.

Therefore It can be concluded that to boost
up the yield of the crop on sustaineble besis
without affecting evirament, liberal gplicataon
of organic manure, In addition to need based
goplication of inorgenic fertilizers, alag with
Judiciaus goplication of denical pesticide are
essential . Indiscriminate use of fertilizers ad
pesticides should be discouraged as far as
practicble.
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TRADI TI ONAL AND PRESENT DAY TOYS :

Usha Kothari and Nasreen Gazdar*

This article presents a critical appraisal of traditional and present day toys meant for pre-school

children. The study has been undertaken to deternine the safety aspect, cost, educational val ues,

appropri ateness and durability of toys. A purposive sanple of 100 nothers who has pre-school

children were selected within the nunicipal limt of Jodhpur Gty (Rajasthan). These nothers
were interviewed on a structured schedul e by the investigators at parent-teacher neetings and
at homes. The findings lead to the conclusions that maxi mum consideration in choosing toys
Saf ety,

majority said that weapon toys and

bought by parents is given to child s age, safety and the price of the toys. educat i onal

val ues and cost were observed in both types of toys. Overall

Bar bi e dol | s shoul d be banned, these stinulate feeling of aggressiveness, violence and sex at an

[ ]

A CRI Tl CAL APPRAI SAL

early age. Toys are sinply the best for pre-school ers. Traditional

are far better for children’s | earning than high-tech educati onal

I NTRODUCTI ON

“Let the child skip and play, Tip, tap, top,

Swing & Sway, Let his mind dance with joy, In

of toys”

a world full
A N eminet educationist oce said, “Just
as a poet carot restrain himself fram
writing a poem or a musician from singing, so
too the child cannot restrain himself from
playing’. Pertgps o other periad of life inolhe
as much significance and Importance In human
develgent as the early childood years. It is
this periad when the foudation for the future is
laid in a¥’s life. Early childod is often called
“toy stege” because at this time the chilld’s pllay
mekes use of toys in ane form or another.

Chilldren’s plays, down the ages are in all
historical documents, and excavations In the

* Kamala Nehru College for Women, JINVU, Jodhpur
Cajeshitan)
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bui | di ng bl ocks and pl ay-dol |

toys and vi deos.

ruins of ancient Egypt, Babylonia and
Mohenjodaro reveal toys, dolls ad rattles which
prove that play and toys have been a part of
child’s life since time Inmemorial. This has
been recognized by eminent psychologists,
educationists ad chilld seecialists like Adel,
Montessori, John Dewey, Gandhi, Tagore,
Madam Montessori, Rousseau, Froebel,
Pestolazzi ad others stress that tre sense are

the Pathways of knowledge.

Sore believe that play is a pure spiritual
acrtity at this stege. It gives joy ad a saese of
freedom.

POSI TI VE ASPECTS OF TOYS

Play is children™s work ad toys are tre tols
used in pllay. In addiian, tys can keegp chilldren
ooopied ad, properly dosen, should assist in
physical, mental, social and emotional
development.
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Toys can also help inegination and stinulate
inquiring minds. Through play, concepts and
ideas are taught and reinforced. Some toys
encourage social Interaction ad others suggest
“guiet time”’. Toys can be used in clinical
situations to assess mental development or to
prote psychological prablems in children who
may ladk vertal skill. With the right blend of
creativity and design, toys can enhance the
process of discovery, leaming ad imegination.

Toys can foster physical and motor
develgaent in chilldren ad stinulate areativity
when there iIs samething to create from the
aailzble materials. Tos ean antribute to dild’™s
social and emotional development. The
psydological meening of toys iIs considered In
terms of building of ego function and as
develgomental precursor o friendship especially
amng chilldren fran 3 to 6 years. They foster
language development perception, meaning,
thirking processes ad other aress of aoghirtion.
The educational value of toys is gererally
meesured in the ability to “tead?’ or reinforce
oconoepts and methodollogiies. Through toys, the
child leam rew ocolor, textures, movemrent ad
dyjets.

Toys that are part of the preschool life
eqeriae inuee diildren o leam treir sciety’™s
values and perhgps also to discover nore about
themselves. With chilldren thinking about toys
as product of culture they may realize that
“Toys are us”.

NEGATI VE

Chilldren are surrounded by a plethora of
present day toys. Parents worry about the

negative effects of hi-tech toys, weapon toys,

ASPECTS OF TOYS
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video gares. Carbative toys like fighter plares,
raoots ad tre range series pose bodily harm to
dhilldren ad stinulate feelings of competition,
aggression, violence and war. Continued use of
such toys may meke chilldren prefer violence in
setting anflicts insteed of trying peaceful nears
and may make them prefer warlike activities
insteed of relating with people ad reture. IF toy
makers continue to produce these toy wegpons,
they will have a negative inpect on children’s
emotional and physical gromth, ad in future,
may disturb the peace of our soceity.

Professor Hirsh Pasek, of Tample University,
Philacelphia said (2004) that nov-a-days, toys
we select for children are supposed to make
them leamn, but those toys do the goposite.

TYPES OF TOYS

Toys are of the folloving two types.

Structured Play Material : Structured
plaything that have more detail but lack
multipurpose, can be used for one situation
only. They are less flexible in a play ssttirng.
Most are designed for a specific play use - for
eample, a milk truk desiged with great detail
can be used only for milk delivery.

Mary experts worry that in today’s society
there are less ad gorotunities for or chilldren
to exercise fantasy. Nothing is left to the
imegination and thus, i1t iIs conceivable that
imegination and fantasy may decline in sare
groys for ladk of practice.

Unstructured Play Materials : As child has
more play choices with unstructured play
materials in which the reward lies In the
ecitaent of disooery ad in tre play activity
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itself. There are no preconceived goals
engireerad into unstructured play ad no adult-
imposed objectives. Most often such toys are
the raw materials of play ad include nursery
sdool wnit building blods, clay, sad, finger
paints, water poster paints, peg boards, design
aloes, oollage materials, scissors ad peste for
which there are o blugprints to follov. A child
gains pleasure and a sense of confidence In
herself everytine she mesters the elements in
her play world.

SOME RESULTS OF SURVEY

The result of aur suney shoas that most of
the respondents (73.34 per cent) had not
eqerienced havirg their children hurt by toys.
The study also poirted aut that toys like balls,
building bllocks, dolls/soft toys and house
utensils, in early chilldood offer good mental
exercises. Bven these toys are capable of
involving children in play for loger tinre ad
provide opportunity to assarble. Mothers were
the main buyers of toys. Fathers, gradparents,
friends ad any other ranked secod, third ad
fourth respectively. There were 34 peroent of
respondent donatting an old toy to a social work
organization, 30.66 percent of wom out toys
were kept somewhere in the house, Implying
tre possibility of re-use.

It is good to rnote that in the presat saaple
around 53.34 per cent of the mothers actually
mede traditional toys for the children. Many
mothers had made more than one toys from
varias weste materials like clay toys, oft toys,
paper toys, building block, wind chime and
puppets. 92 percent of the mothers said that
traditional toys help children in leaming the
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adult task. The nothers were garerally satisfied
with the toys they had bought. When a
carparison was mede between Indian-mede toys
and foreign made toys, 50 percent said they
would buy locally made toys and 50 percent
said that they would purchase foreign made
toys because their qality is very good.

Both the present cby toys ad traditical toys
are found to be safe. Honever, the biggest
prablem of locally mece toys is lov durability.
Many mothers suspected that some were made
aut of materials, hezardos to dhild health. These
toys were never worm-out and they were eirther
given to the poor, or stored in the chilld™s room.

Tre result reeals thet “tine” is ot specified
for playing with video games and watching
T.V. Wernever the children are free, they play
with video game and watch T.V. Parents are
worried about the negative effects of video
ganes on eyes and effect of T.V. on child’s
persorality. 65.34 percant of respondents said
they had purchased weapons toys i.e. guns,
taks, etc. The mgjority (/0-63%) of respodants
said that they bought the toys at the behest of
tre dhild.

Nearly halif of the resoodents (B3.34 peraant)
said that weapon toys should be banned, as

these toys tend to meke children aggressive.
Similarly, they felt that Barbie doll sould also
be banned because Barbie is more a gromn up
figure ad rot fit for a child.

RECOMMENDATI ONS
To refine the decision making process and
slect N age-gyrgpriate toy, the best guidelines

are “Comon Sense and read the label” Age-
appropriate means buying a toy without
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removable parts for a toddler who can easily
swallow and choke on a small item. Age-
appropriate means selecting a gare that will
cdallenge ad stinulate an older chilld. It was
found that the toys of present day were
goporopriate o thelr ages.

The range of packaging is broad and

aosurers can gererally fird the folloming types
of infomation on the lael :

Neme of Merufecturer, tradamarks, licensing,
etc., “Smll parts vaming” (e.g- toy parts my

present a doking hezard), Suggested age (e-0-
“Recomended for ager ¢+, “Not surtable for

under age 3°)
There may also be a mention about
vesrebility, safety stadards ad price.

Most accidents or injuries related to toys
usually assign the blare o the toys, not the
user or the purdeser. In fact, most accidents or

injuries are directly attributable to the ladk of

adlits gyeErvision. Statistics irdicate that in nost

Casss injury ocoours as a result of tripping oer

or bumping into a toy and the svallowing of

small toys or parts by ae irggargoriate children.

Sore safety tips will ke as folloas.

I Before purdesing the toy or gare, read the
label for detailed information. Determine
aurtzbility for age, interests ad eviramant.

I Monitor usage. All toys are not suitzble for
chilldren of all ages.

I Check toys regularly for broken parts,
ceterioration, defects, cleenliness ad gaeral
safety.

I Be alert. Toys dould not be left unattended
in potentially dangerous places, such as on
dais

I Qyervise play activities goorgoriately.

’----------

@ Cats, dogs ad horses.
(b) Monkeys

,_-_-_---

DO YOU KNOW 7?2

B.  Who amongst these can recognise themselves in the mirror ?

© Apes (Chinparnzee Orang-otang, Corillla etc.)

Q6. How do you call a mass equivalent of a dozen suns confined In a space as small as
102 an -less then a billion-billion, billiatth part of the width of a hair?

Q7. \What according to Aristortle wes the element of heredity?

----------\

\—-_-_---
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GLOBAL SCENARIO OF [INDUSTRIAL LOW BACK PAIN
WTH SPECIAL EMPHASIS ON [|IND AN PROCFILE

Ankan Gupta, Sanchari

Low back pain, a major occupational health hazard across the world,
di sorder associated with neurol ogi cal and other factors Iike work stress,
sex and ot her soci o- eco- psycho- physi ol ogi cal factors.

of | ow back pain are available fromnultiple sources including insurance and hospital

Sinha & Amal

interviews of questionnaires and clinical studies.

due to absenteei smand financi al

for many industrial sectors.

of the problem Proper awareness teaching by different audiovisual

conbat the problem

I NTRODUCTI ON

ow back pain affects lurbosacral region

of spinal cord, associated muscles
and nenves imervating the concermed region,
mostly sciatic nerve. Low back pain causes
disfunctioning of various body portions
such as lunber vertebrae, Imenertebral disc,
spinal cord ad renes, facet joints, nuscles
ad ligaments.

Occupational low back pain is clearly
related to lifting, carrying and repetitive
activites that require the change of working
posture every nov and then causing stress on
loner back. It has becare a gigantic problem
in the Industrial sectors where a huge fraction
of the workers are suffering from this
disese.

Multifacet studies have revealed that
the problem can lead to various socio-eco-
physiological setbacks, which In tum, may

* Regional Occupational Health Centre (E) I. C. M. R.
Blod D P Sector v, Saltlake, Kolkata - 700 091
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Roy Chowdhury*

is actually a nuscul oskel et al
nutritional status, age,
Information on the preval ence and i nci dence

dat a,

Productivity loss in relation to nan-hour |oss
| oss due to conpensation have beconme a very serious trouble

Managenent and workers both shoul d be aware about the spectrum

aids may be adopted to

generally affect our society. Based on
national data, occupational groups with
highest estimates of prevalence of low back
pain include mechanics and repairers of
vehicles, engines and heavy equipment,
operators of extractive, mining and material
moming equiprent, and people In construction
trades ad other construction cooypatians.

Therefore, it can be revealed that
different industrial sectors are very much
susceptible to low back pain in terms of
productivity loss as well as financial loss
upon compensation.

Our aim, therefore, is to identify the
industrial sectors being affected by lov back
pain and to evaluate the socioeconomic
determinants and inpact of lov back pain.

PREVALENCE AND EPI DEMI OL OGY OF
L OW BACK PAI N I' N GLOBAL AND
I NDI AN CONTEXT

Information on the prevalence ad incidence
of loner badk pain wes available from nultiple
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saurces including insurance and hospirtal data,
interviens or guestiaraires ad clinical studies.
Various industrial sectors, which were mostly
affected by coopatiaal loner badk pain, incluce
miners, construction workers, drivers & heavy
industry workers.

In the coal mining Industry of New South
Wales, 1t wes primarily foud that the Industry
gererates a considerable number of worker’s
campensation claims for back injuries, which
are arising directly from rough rides. An
epidemiological case control study taking
the workers engaged in contruction works
indicated that persons with the jdos reguiring
lifting objects of more than 11.3 Kg. (251b)
with an average of nore than 25 times per day
had a high risk for development of low
back pain. In this respect, 54% construction
workers In USA suffered from low back
pain of which 7% cases were severe. The
prevalence rate of low back pain was also
measured in the Dutch working population
shoned that a total of 27.66% of the workers
had low back pain. Drivers were mostly
suogptible growp in this regard. Prevalence of
low back pain in one moth of the suney was
50.3% in case of 153 truck drivers OF a
large chemical industry corporation. In USA,
52.9% drivers pointed out the relationship
between low back pain and work, which
inohes the vibration or roed shodk. Prevalence
of low back pain was iInvestigated among
1155 tractor drivers exposed to whole body
vibration ad postural stress. It wes foud that
the prevalence of low back pain was higher
in the tractor driver and this low back pain
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wes found to be significantly associated with
both vibration level and awkward postural
lced. Badk accidats ad ege were allso sighificant
predictors for lov badk pain. Another working
population very much susceptible to low
back pailn was Heavy industry workers. A
study done iIn American offshore petroleun
drilling company revealed that workers
performing the heaviest physical labor
were at highest risk of lov badk pain. 114 nale
workers of a concrete manufacturing plant
in Jgpen were investigated and the prevalence
of low back pain in the 12 months preceding
the Investigation wes foud to be 53%. A suney
anng 3 crare gperators of a steel factory of
K suggested that workers In sedentary position
with exposure to whole body vibration were at
high risk for lov back pain. An electronics
manufacturing plant in USA also showed a
srtong increese in low back pain incidence for
both males and females.

Althouch It wes goprehended that the variious
indstrial ssctors in Irdia are susogptible o low
beck pain, but since a huge fraction of tre total
industrial belt is uorgenized, doourentation of
overall camprehensive scenario of low back
pain was extremely difficult. However, the
industrial sectors in India susogptible to lov
back pain can be broadly classified into two
categories narely organized and unorganized
stors.

In case of organized industrial sectors, to
nominal studies had been made in this regard
among which software professionals are found
1o be susogptible to low badk pain. Considering
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all physiolagical risk fectors, it wes foud thet
2M of the professionals are suffering from
bedk pain.

Prevalence of low back pain in India was
nostly analyzed iIn case of uorganized sectors.
In case OfF Textile industry, a cross sectional
study among 514 textile workers of Sri Bgpurao
Desmukh, Girini, Wardha, India revealed that
57 workers suffered fram low back pain. Munbai
dockworkers were very much susceptible to
lov back pain. In the brick kilnindustry, Itwes
found that 8.56% workers suffered from low
back pain due to various awkward postures.
Gold sniths also suffered fran lov back pain
due to their fixed sitting posture. Most of the
milk vedors in our contry suffered fran savere
lov back pain.

A cross-sectional study among 167 employees
in a plastic noulding factory of kolkata revealled

that total morbidity of musculoskeletal
disorder along with low back pain is 28%.
Molasses producing workers are exposed to
hazards of both molasses production and
agriculture, where low back pain is quite
frequent. In North Bihar, it wes revealed that
39.2% workers suffer from lov back pain due
10 exposure to uaorfortable posture, Jdb stress
and long duration. Manual material handling
workers were very much susceptible to low
back pain due to their strainous working
schedule and awknard working posture. Out of
72 male workers involved In nanual nmaterial
handi ng at the central market area of Kolkata,
21% suffered from low back pain. In case of
Aut orobi | e transport workers, 1t was found
that aut of 239 workers been examined, 24.63)%
suffer from back pain. Study conducted anmong
3 workers in the FCI godoan, kolkata, explored
that 26.35% of these storage grain workers
suffer fran lov back pain.

TABLE 1 : Intensity of Low Back Pain In Different Occupations
Inlndia
Occupation Percent age Aggected Ref erence
Softwareprofessional 27% Ind. J. Occup.- BEnv.Med, Jan-Apr. 2003 ; 7(1)
Textile indstry 11% Ind.J.0Occup-Env.Med, Jan-Apr. 2003 ; 7(1)
BrickkiInindustry 8.56% Ind.J.0ccup.Env.Med, Oct—Dec. 2002 ; 6(4)
Plasticmoulding factory 28% Ind.J.Occup-Env_Med, Oct—Dec. 2002 ; 6(4)
Molassesproducing factory 39.2% Ind.J.Occup.Env.Med, Oct—Dec. 2002 ; 6(4)
Manual material handling 21% Ind.J.Occup.-Env.Med, Oct—Dec. 2002 ; 6(4)
Autamobi le transport 24.68% Annual-on going projects and New project
proposal 2000-2001.. Regional Occupational
Health Centre (E). IOR
Storagegrainworker 26.35% Annual-on going projects and New project
proposal 20002001 Regional Occupational
Health Centre (E). IOR
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SOCI OECONOMI C DETERMI NANTS AND

I MPACT OF LOW BACK PAIN

There are several sociceconanic determinants
of low back pain such as nutritional status,
fanily size, duration of work, etc which directly
influence yoon the causation of lov back pain
or passively result in the sare by altering
several factors such as psychophysiological
factors which include motivation, anxiety,
ecitation etc. Germerally it hes been dosernved
that a large nunber of bid binding female
workers at Murshidabad, West Bengal, are
suffering from low back pain due to the
maintenance of constant awkward posture
for a long duration. The nutritional survey
recalad thet they are nutriticel deficient ad
are anamic, the heemogldbin concentration being
as low as 6-7 mg/dL. Another study showed
that aggper deficiency may leed to the low badk
pain. On the contrary, female workers of high
socioeconamic group working in multinational
video terminal also suffer from low back
pain due to awkward sitting posture and
perhaps also due to obesity. Therfore,
socio-economically nutritional status is a
prime determinant of the causation of low
back pain.

Many workers are forced to take leave
temporarily or in the severe case permanently
fram their workplace due to the suffering fram
low badk pain. The absenteeism thus, hes beocoe
a serious problen in the socio-econamic aspect
as the productavity declines oming o It ad the
authority of the respective industry has to
provide corpensation to the sufferer. Various
data regarding the rate of aosence of workers
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and the compensation cost provided by the
various industries were abtained from various
studies on specific industrial populatios. Such
cata are useful in defining the megnirtuce of the
problem.

Various epidemiological information
regarding the absenteeism of low back
pain from different countries are considered
sgparately because the differing socio-econamic
factors of these popullations may influence
te rlts.

Fl ow Chart Soci o- Econom ¢ Det erm nants
Of Low Back Pain
Unorgenized sl High profiille work
Scale work
Bidi binding Muiaratiaral vido
instry tamiral
A= A=

Low socioeconomic  High

SELs socioeconamic
St s
= e
Nutritional Mal utridon Oer rutritian
status e, Qu deficiey)
= e
Anemia Coesity

N

v

4

LON BACK PAIN

N oA

Posture Amkward working CGostait sittirg
posture for lag posture for lag
duratin duatin
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G obal Scenario of the Absenteei sm

In the United States, lov back pain wes the
most common cause of decrease in work
capacity. An average of 28.6 days per 100
workers was lost in each year due to this
problem. In New York over a 10 year period,
lov back pain was second 1o upper respiratory
illness In tems of legth of sidaess dosence
period. The yearly siddess abosence per worker
wes estimated 1o ke four hours. Tt wes establised
that 2% of all employees in the US had a
aompansable badk injury each year. It wes foud
that the number of sickness absence episodes
per 1000 persons was 11 for women and 22.6
for men In case of United Kingdom. The data
dotained from National Coal Board, sugoest that
14.8% of the total work force wes absent fram
work because of back injuries. In case of
Scandinavian working population, 12.5% of all
annual sickness abosence days were related to
lov back disorders. This means that 1% of all
workdays were lost annually because of low
back condition. The average sickness absence
period wes 36 days. 49,000 subjects fran 20 o
66 years of ae in the district of Gotherburg In
Sheden were analyzed and reported a total of
7,526 sickness absence episodes for LBP over
an 18 month periad. Based on the 1978 to 1979
Canada Health Suney, it was found that the
total nurber of disability days exceeded 21
million ad the average sidkness absence periad
wes 21.4 days.

Conpensation Cost : An Overall Profile

In the United States, payments for direct
oosts of low badk pain care fran many sources,
such as worker’s compensation insurance
(ircluding feceral, state ad private Insurers),
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growp ad individual health insurance plants,
ad social seaurity berefits. These direct cost
typically include wage loss and wage
replacement, medical care, temporary and
permearent dissbility, rerebilitation eqenses ad
death berefits. The indirect costs associated
wirth production losses ad persomal suffering.
These costs include loss of production, new
hires, training supervision, adninistration ad
legal eqanses.

From a study of worker’s compensation
statistics of 9 states it wes foud that back
injuries averaged 21% of all carpensable work
injuries, ranging from 15% In Kansas to 24%
in Califomia. National Council on Compensation
Insurance found that cost of LBP
camrise about 33 of all carpensation costs.
In a rgoort, Social Seaurty Adninistration stated
that total cost of occupational Injuries wes
$ 8 billion in US, aut of those, compensation
costs for LBP was 33% of $ 8 billion i.e.
$ 2.7 billion in a year.

CONCLUSI ON

Management and workers both should be
anare about the spectrum of the problem. The
aurrent scenario reflects that the conoem over
the matter lacks behind, so, proper anareness
teaching by different audiovisual aids may be
adopted to combat the problem. Development
of training progranme 1o maintain proper posture
during manual material handing should be
adopted. Bvaluation of beseline data regarding
lov back pain in occupational and industrial
sectors of developing countries needs to be
made and last but not the least, proper
rehabilitation prograimes and preventive
measures should be taken.
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.

Name an animal that cannot junp ?

Who blinks more—men or women ?
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RAW  JUTE

( TOSSA- DAl SEE)

GRADI NG

M. K. Sinha, H.S. Sen, S. Mitra and S. Nandy*

Ei ght grades are recogni zed for each of the two classes of fibre viz.

‘t ossa-dai see’ (Corchorus

olitirious L.) and ‘white’ jute (Corhourus capsularis L.). The quality paraneters considered in the

nmarket are strength, col our,
the nature of ‘defects’ ;
themaccurately. In the primary markets,

assessnent by instrunent is not possible.

di scrimnating person intending to standardize his/her own ‘hand and eye’

the infornation provided in the pages useful .

lustre, density, fineness, extent of ‘root’

The buyer determ nes the grade.

(present in the sanple) and

besi des CRIJAF other institutes at Kol kata have facilities to neasure

‘hand and eye’ assessment of quality continues because

It is felt that a

met hod, may find

The nerits of the grading systemsuggested in this

article should be considered on its own and not a replacenent of the systemlaid down in IS:

271 of BIS

| NTRODUCTI ON
T he aurrent raw jute grading system wes
introduced in 1974. The parameters
axrsicerad for defining a grace incluce stragth,
olar, lsstre, dasity, fingess, edatt of “root”
(oresat in the saiple) ad tre reture of “defects’.
The Burean of Indian Standards (BIS) gives the
cetails in its pblication IS - 271-1980.

Thus, eight grades are recognized for each
of the to classes of fibre viz. “tossa-caisee’
ad “vhite’. The graces are buikt yp by a marking
system, according to which the T is to attain
100 marks. (Table 1) ; TD, dararnds 75, TD; 60
ad so on, After about 27 years, ae finds that
the marking system is seldom folloned in the
market. \We have sophisticated instrurents to
aoourately messure stragth, fineess ad dasity.
There is an instrurent even to measure lustre.
But such instrurents are available only with

* Central Research Institute for Jute and Allied
Fibres (CRIJAF), Division of Crop Improvement,
Barrackpore-700120, West Bengal, E-mail :
mohirtsihned8ghotmai l .com.

203

Institutes like NIRIAFT (\atioral Institute for
Research in Jute ad Allied Fibres Tedrolayy),
1JIRA (Indian Jute Industries Research
Association) and RIJAF. Henee, 1N the primnary
markets, “hand and eye” assessrent of quality
contnues. Largely, the inpression on the buyer
determines the grade. The grading system,
however, has achieved one important
achieaat  its addit ; it hes eliminated the
geographic bies. For exaple Bihar jute usad
be earlier condemed as “jungli” ; now one
finds gracke V or IV in good gquentaties in Pumea,
Birer.

Table 1 B.1.S gives a brief desoripton of the
quality characters demanded by each grade ad
allots corresponding marks in parentheses.
Hoever, no oe, not even the Jute Corporation
makes use of the marking system. In Teble 2,
the quality colums have been placed In order
of importance by the authors. Full marks are
indicated aove each colum in the third bar. In
colum 11 qualifying marks are given for each
grade and the quality expected has been
mentioned In rest of the colums.
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Table-1 : Requirenents For Each Grade OF Tossa and Dai see Jute. (IS. 217-1969)
Grade| Strength Col our Lustre Density Fi neness Maxi mum Def ect s Tot al
Root - cont ent
(by Weight)
TD,; | Very good |Very good| Good Heawy- | Very fire | 5 peroent Free 100
@ ® S bodied 0] @
o
TD, Good Good Good Heawy- Fire 10 percent Free
@ o O |bdied(®) S @
TD4 Strog Fairly | Lustrous | Medium- — 15 percent Sbstantially Fee
@ good @) bodied (€0))
0} o
TD, Strag Fairly | Sligdy | Medium- - 20 percent Free fran major 45
a aerae |lustrous| bodied tefects
O D S ©
TDsg Average Average - — - 25 percent Free fran major 0
@ (@) defects exogpt spesks
S
TDg Average Any - — - 3 percent Free from HUNKY 18
a O ad stids
%)
TD, [Weak mixed Any - - — 40 peroant Free from HUNKA 8
(7} o ad stids
%)
TDg - - — - — - Free from HUNKA 2
ad stids
Q
Table-2 : Assessnment System for G ades of Tossa Dai see Raw Jute
Gr ade Strength Def ect's Ma x i mum| Col our | Fineness | Density | Total Earlier
scores
Very good | Freedom from defects (4% Very |Very fine| Heavy 100
M = nmjor defects (by wieght)| good
m = minor defects
TD, 0 15 M -m 5 15 0 5 100 | TD, + TD,
W, 0 15 M -m 5 15 0 5 100 Wy, + W,
Very good Do (20% Good (Very Fine| Heavy
TD, 25 15 M -m 5 10 20 5 8 TD,
w, 25 15 -M —m 5 10 20 5 80 Ws
Aver age No centre root dazed, (30% Aver age| Aver age Li ght
entangl ed stick m xed
TD, 15 15 - - 5 10 - 45 TDg + TDg
Weak/ (30% (40% Bel ow Bel ow Very
Mi xed Sonme centre root, aver age| average hi gh
Hunka, entangled stick m xed
TD, - 5 - - - 15 TD, + TDg
W, - - - - 15 W, + W
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QUALITY PARAMETERS FOR

MARKETI NG

The quality parameters considered In the
market are given below :

Root Content :

\Wen a fibre saple (reed)  retains un-retted
or inoopletely retted barky bottom, it is called
“rooty”. It is essily detected by its brown or
dark bromn colour. As jute crop groas older
beyond 100 days or so a tough tissue called
periderm develops at the bottom and spreads
unards. The cells in peridem have tough vall
due to suberization. The usual enzymes
of retting bacteria comot break this wall in
12 to 15 days. Older the crop greater is
the extent of periderm. The capsul aris Varieties
develop more periderm than olitorius.
JRO-524 (olitorius) has the least peridem.
In fact, it is due to progressive incresse of
area under JRO-524, in replacement of
capsul ari s Varieties in many areas, that jute
market is getting progressively smaller bulks of
rooty fibre fran year to year.

Strength :

In the primary market strength of fibre is
assessed as per age old method i1.e., tearing
stress by hard ad firgeys. Gorrect rettarg retains
the geretic stregth. Over-retting weakens the
fibre, which hes a “dazed” lodk ad dulll oolaur,
Fineness and strength have some positive
arrelation.

Defects :

A Due to faulty retting :

a Dazed : IT over-retted, fibre loses shire
and has a dazed look ; such fibre is always
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weak. 1T jute stem bundles remain in
contact with the muddy floor of retting
ditch, the fibre often becomes dazed. Fibres
stored in damp godown for over a year,
lose the normal shine and give a dazed,
disooloured lodk.

Under-retted stem produces
croppy Tibre. Incaorplete immersion of jute
bundles may also result in croppy coarse
fibe.

b. O oppy :

c. Leafy : A sample of fibre, otherwise
good, may retain dark, papery pieces of
plant cdoris an It ; thee laafy dojects are plecss
of epidermal tissue or peridem, seldon-true
leaf. Proper washing, after retting, remwves
them off.

d. Sicky : Broken pieces of jute stick may
remain fast entagled with or loosely adhering
to fibre. This defect arises fran the beat-resi-
Jerk prooess of extraction. Careful weshing ad
cleaning of dry fibre with jerks reduces their
number. When extraction is done plant-wise,
sticks are aompletely absent.

In flood-prone areas,
adventitious roots of endogenaus origin develap
on submerged portion of the stem. These roots
persist even after retting as they are of
endogenous origin. Retting cannot eliminate
them. Fibre fran such roots remains entangled
with stem fibre ad gives a mossy look.

e. Mossy fibre :

Harvest above the water line is the only
renedy. Fortunately, with introduction of new
improved varieties (C capsularis and C.
olitorius-both) and improved technique of
ailtivatian, nossy fibre is fast disggpearing fran
the market.



[ 1] O]

Everyman’ s Sci ence

VOL.

XL NO. 3, Aug. —Sept .’ 05

[ ]

B. Due to insect and fungal attack :

A knots : The female iInsect pest Aapion
corchori lays fertilized egg on the node of
softer upper part of stem. The ererging grub
feeds on the tissues aroud, its faecal matter
subseguently gets mixed with tissue debris ad
gets bound with the gum of the plant. This
foms a bard kot which persists through retting,
resulting in kotty fibre.

b. Specky : Sometimes the female apion

punctures the noce to lay egg but the gnb faills
to emerge. In such cases a callous tissue as
“gpeck” is formed. These specks persist even
after rettirg.
. Fibre, which is more or less
soft and clean in ugper and loner region but
retains in the middle a hard strip, is koan as
“‘antre~oot” . This result fran plants infected by
stem rot, killing tissues at nodal region. Deed
tissues refuse t ret and hence an unretted
wsally broan portion persists.

c. CGentre Root

d. Hunka : Plants killed by root rot or
soft rot, do not ret. Thus the fibre bearing
bark of such plants remains hard throughout
the length and is termed “hunka”. Such reeds
are dark brown. Preretting elimination of dead
plants fran bundles is the only way to awoid
“hna’

Col our and Lustre :

When retting is perfect and washing iIs
thorough, the resulting “tossa” fibre is golden
yellowv, bright aeam or of yellov gloss. Though
it is not as inportant as “stragth” yet colour
influencss tre judprent. It is diffiault o jude
olor ad lustre separately.
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In Hooghly (West Bengal) and Kendrapara
(Orisa), ae finds “syamla’ or dark coloured
Jute thet hes good Iustre. The dark collour is de
1O IroHEamin reectian in rettdng water—.

Fi neness :

Fineress is essily detectzble ; fire fibre hes
sare positive association with strength. Fine
fibre uiaally hes a good lustre as vell, . Fineess
IS a geretic property, whose eoression depads
o perfectaon iIn retdng.

Density :

W\eight of unit volure of fibre, Including air
sk, Is the meesure of dasity. At field leel
darsity is jubed by the foroe required o lift a
given saiple ; if the feel iIs “heawy” the saple
is taken to be “heawy bodied” or of greater
crsity.

Depending on the present day necessity of
qality fibres in tre jute trade, reallocation of
sources in different grades is suggested.

Rational e for reallocation of scores :

1. Jute fibre In tte trace is nostly firee of root
aoments at present (Tessa jute fibre is free of
roots, 120 days crop does not produce root)

2. Fibre quality has assumed much greater
importance for producing all types of jute
prodLcts.

3. Defects due to incidence of pests

and disease are comparatively less than
before.

4. W3, TD3 and D4, W4 have been placed
in two separate grades as 70% of total jute
belongs to these two grades.
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Based on the aforestated observations
ad inferences, a new grading system (Table 2)
had been worked out for tossa-daisee raw
Jute fibre. The nurber of grades has also been
recuoed to five. It is felt that discriminating
person may make use of the grades proposed
in Table 2 to standardize his/her own “hand
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SHORT COMMUNI CATI ON
THE LEVI NTHAL PARADOX

D. Balasubramanian*

onsider a piece of saving threed about

ametre long, stresn about randamly.
Whet is tte prdxebility thet it wall coil o, all by
itself, into a conpact neat ball ? Hov long
would it take for it to padk itself ino this
ball ? The amsner iIs inmediate ad inturtive-an
astronomically long period of time. So long
that one can dismiss 1t as an inpossibility ;
the strewn about thread sinply will not roll
up into a ball until “kingdom comes”, as the
phrase goes. Ore estimate is that it will take
10® years ; that is oe folloned by 150 zeros.
Carpare this with the fact that the universe
itelf is only aout ten to ety billion years
(2" 10° years) old, or with the estimate that
it ey take the suoatanic particle, the proton,
about 106° years to disintegrate.

Let us move from a whimsical example to a
real life ae. The protein tropanyosin nekes Uy
our muscles and is shaped as a screw, wound
U iInto a right-handed spiral. Tropanyosin is a
polymeric moleaule, strug together using aoout
three hurdred amino acids, rather like a ned<dace
is strug together with hundreds of beads. Just
as the beads are more or less fixed but the

L. V. Prasd Be Irstitute, LV Prasad Marg, Benjara Hills,
Hyderabed 500034, e-mail - doala@liubly:itph.net. Article
pblished earlier in The Hincu, Reprodbced with permissian.
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attached string is flexible, the bonds
connecting two neighbouring amino acids
take on several corformations in space. The
final shape that the protein molecule
adopts depends on the individual bond
anformations. Abaut thirty years ago, Professor
G N Ramachandran and his students, Professors
C Ramekrishanan and V Sasisekaran, all of
whom are now in Bangalore, elucidated the
grammar or protein conformations, narely,
what shapes can a protein chain adopt and
what it camota megnificent feat that brought
forth a new paradign in bigphysics.

Now, let us consider a molecule of
tropomyosin that Is just being synthesized
inside a cell in the body and ask how long
will i1t take this noleaule to organize itself
into the desired right-handed helical shape.
This reguires each of the hundred bonds that
make the chain to take on one unique
conformattion out of the three or four that are
possible. This is similar to asking three
hundred people to fall In a straight lire ad
make a perfectly aligned queue, or to meke a
precise pattem of the type that athlethes do at
the opening ceremony of The Asian Games
meet. Each one has to search for the
appropriate position and, having searched,
stand at the correct posture. IT this were to
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heppen randamly, the patterm would take years,
decades or centuries to form !

The situation with the trogpanyosin molecule
is tre sae. I each amino acid residle vere to
search randomly In space before 1t takes on the
correct conformation, the helical shepe of the
protein would take until “kingdom come™ to
form ! Ad, unlike the people In the queue who
have minds, ideass ad the goal of forming the
queue, the protein is a molecule. It has no
idess, aim or goals. Yet, the protein folds In
the cell, ad does so0 In a secod or even less.
How It does so is the question that Dr Cyrus
Levinthal of Columbia of New York posed.
This gquestion is now referred 1o as “Levintral’s
Paradox”’.

Several scientists have attenpted to solhve
the paradox. The main thrust behind all these
attenpts hes been a single point ; nanely, the
protein does not search through alll shepes. Oe
solution is that it is guided in the folding
pathway by the formation of modular
structures which are put together by all the
blocks. That is, parts of the protein chain
fold into blocks first, like a meccano set
and the blocks assembled into the final
form. With such regional autonony, several
parts of the dain o treir thing sinultaneasly,
thus cutting dowmn on time. Another model
inplicates a guidance systam, of a “‘dgperone”
molecule to help in the job. Somewhat like
the doughty spinster of Victorian England
who used to accompany damsels to dances
ad ensure goprgpriate steps (ad behaviaur 1).
This of course begs the question of who
chaperons the chaperone ! How does the
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chaperone molecule know how to fold
itself into the conformation appropriate
for 1its function ? We tread dangerously close
to teleology or goal-directed behaviour
here, and that is not tenable In molecular
Systans.

A clue to resolving the Levinthal Paradox
comes now from Robert Zwazig, Attlia Szabo
and Biman Bagchi. They gpplied the principles
of statistical analysis to the properties of
moleaules, a branch of science termed statistical
mechanics. First of all, they enphasized that
noleaulles, or for that matter any retural systans,
do not ewolve tonards a goal. Instead, they
doey the lans of physics ad in partiaular the
thermodynemic principle that all systars terd
o move tonards a state of lonest erergy. If a
system or a collection of nolecules hes energy
higher than the surroundings, it would
spottaneasly relesse the extra energy Into the
surroundings and thus relax itself into a low
ey state. This is a winige principle.

The consequences of this simple law of
spontaneous downward path towards low
erergy are truly remarkable and far-reaching.
This is what makes a cup of hot coffee
became ungppetizingly tepid, the river Ganges
flow from the Himalayes into the Bay of
Bengal, and the stars, planets and moons to
arise out of the cosmic “big bang® of about
twenty billion years ago. In the case of
noleaules, this mears that the correct state, at
any tenperature and pressure, is the lonest
energy state under these conditions. When a
bond has several conformational states
aailsble o it, it will tae on that aonformatian
which has the lowest energy. That is the
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“correct” one (call it C) and the other
conformation shapes are “incorrect” (call
than /) ad eqersive In tems of eargy. In the
troponyosin nolecule, with several successive
bonds joining the amino acids in sequence, the
helical shape such as CC/CCCC/CC. .. would
break the helix and make the molecule
non-functional . The Levinthal Paradox
is then as folloas. Starting with an arbitrary
distribution of correct and incorrect bonds,
and some rules for making changes,
how does the protein get to the perfect
shepe OOCC. .. within seconds ? In other words,
what is the rule for making the change
fron/ t© C?

Znanzig, Szabo and Bagchi have suggested
that the rule is noe other then the stabillity of
the loest earyy state. Ay otter state is o be
“peralized” and given a loner weightage in the
statistics. In otter warts, tre bies In slection is
the natural law itself. IT the / state is only
sligtly higer in ey, the tire tden for it O
reach the C state iIs loger then when /7 is much
hotter then C. This is &kin to saying that vater
flons sloner when the slope is shallow, while
it rushes domn when the incline Is steep.
Gererally, iIn the case of protein noleaules, the
/ states that let the dain stray avay fran the C
states are anly half a kilo-clorie or <0 higer in
energy.- Hardly enough to vibrate a few bonds
like a utterfly. But the interestirg thirg is tat
even this little pealty acts as the slge that
hestens the path of the molecules tonards the
Q0XC.... state, or the fuctioal state. Qut of
several states, / and C available to the
bod ; the state C is preferred oer the / just
because 1t is loner In energy under the given

210

aoditias of teperature, pressure, aoncentratian
ad so on. The lonest energy principle biases
the system tonards C, tips the scales iIn its
favour and the C states are given greater
weightage.

The surprising thing that the three
scientists note is that this weightage
tonards the slightly preferred C state is
sufficent to cut the sampling time from
millions of years down to a second or two !
The loner the C state is In energy fran the /
state, the faster the system attains the aorrect
conformattion and folding. The only chaperone
or guiding light nesded is the loer enaryy state
prirciple !

We have clouded the issue somewhat here
by using the symbols / and C, which are
value-laden. “Correct’” ad ““incorrect’” are biasd
words and also goal-directed. How do we
know what iIs correct and what is not ? In
answer, we can only offer the statement
that the state C is the preferred State, being
lover In energy under the conditions and
circunstances that dotain. What C is at room
tamperature migit actually be Incorrect at ice
tenperature or steam tenperature. Since much
of biology gperates close to roan temperature,
the preferred state is usually the state
C (and hence the ““correct” state as well).
Thus, there is no telenomy here but just
thermodynamics. The Zwanzig-Szabo-Bagchi
analysis i1s model-free. It does not hold any
preconceived notions about which shape
is right or wrong ; It does not specify what
the C state lods like or tre /. All Tt doss is
to say that under physiological conditions,
the one-bond conformation might be
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enargetically preferred. This conformation can
be anything-elix, riboon, hairpin or spegetti-
sheped. But ance this preference is established
purely by erergy criteria, the systen will rush
into, or gush forth to, or fold into that
conformation as rapidly as water cascades doan
steep ridges ad slogpes ad forms a placid pool
or the Pacrfic Ooeen. This is the resolution of

the Levinthal paradox. It is an acaunulation of
small changes and not a de novo design.
Sporttaneous dovward movement to lov energy
states i1s the moving finger, 1o pargphrase Qrar
Khayyam :

The moving finger, having writ, moves on.

Nor all thy piety nor thy wit sall dage aword
dit

7

(ANSWERS TO “*DO YOU KNOW?”%

=

Inspection of the abdomen.

5

them.

presant days aottinants.
Only the gpes.

5 &

firan It
Bllood
The elepghant.

Women.

& X

.

Norwegian R Amundsen by a month During retum of 900 miles Scot perished with four
of his corpenions with in 11 miles of a bese cap with food & oil that coulld heve saved

When two full moons ooccur in the same month, the second is usually called the “Blue
Moon” althouch It is really not blue. Since all the months exoegpt February are more then
23 days log, it is possible t have two full moons In a month-this hggpens seven tines
in every nineteen years i.e. every 33 months on averge (1999 hed two bllue moons).

Earth’s aotirents vwere all joined together in a giant continent callled Pangeea surnrounced
by a single ocean, called Panthalssa before it broke up and pieces moved goart to form

A black hole where the gravitational pull is so high that even light cannot escape

J
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