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X* XOTftOCPCTXON

Increasing population demographic pressure and 

the demand for io r« food have put a heavy burden on 

the world‘ a working population (h indu,  1993) • India has 

a population of approximately 684 millions according to 

Kanorama (1982)* with such a massive ever growing 

population it should be possible to make a headway in 

a ll fields* ant malnutrition and i l l  health seema to 

be the debilitating factors in meeting with the various 

demands of our population* The development of natural 

resources must be geared to the people i f  the country 

Is to make progress and enable ue to be on per with the 

other developed nations* in other words importance 

should be given to the proper development of human 

element which la our greatest rsecures*

sadasivam end John (1979) opined that malnutrition 

laada to waataga of human resources and reduction of this 

loss would increase the social effectiveness of the 

population and contribute to economic development*

Gan sin (1976) reports that governments and 

enterprises in developing countries widely recognise the 

close relationship between a wall fed labour force end 

high productivity*

Poor nutrition can restrain productivity in terms 

of output per unit input but restraints may arias as



a

h iU  from increased a b M n t«ti«i lowered m titan c* to 

disease# lethargy and lock of drive* Poor nutrition 

also may cripple *  nation* productivity by more substie 

long range mechanisms {lS fB , 1972)*

widespread malnutrition has been cited to reduce 

productivity by Berg (1973) particularly in the 

developing countries there the use of heavy physical 
labour is common# Poor work performance and raducad 

physical endurance in undernourished subjects hsve been 

veil documented (Ramamurthy and Emkshyani# 1962# spurr 

et SU 1977).

There are indications that absenteeism and 

incidence of severe respiratory diseases among workers 

may be reduced by subsidised canteen feeding of nourishing 

food as stated in L lf£  (1972) • Absentee ism is  damaging

among skilled workers who often are in short supply In
e

developing nations* Aba ante£sm can result from Illness 

accident or lack of motivation which may be related la  

turn to inadequate nutrition*

Productivity la ralated to li fe  open* The economic 

implications of li fe  span la largely negated by the 

surplus of labour commonly sellable in developing 

countries* The productivity of a work force depends on 

quality as v e il as on nutrition that tend to lengthen 

li fe  span which appear inevitably to upgrade quality*



9

U th w  (1976) report* that improved nutrition oen 

be shows to hove • favourable effect on both per caput 

incase and improved quality of li fe  for people* viteri 
Mk etate that increaeed food availability for

t  e itockifig force ean reeult in sign ifleant and 

desirable change* in out of vox* behaviour# sometime* 

more meaningful in term* of development end well being 

than elmply greater wort output*

noth work capacity and wort output are influenced 

by the nutrient intake and the resulting nutritional 

statue of those who perform work* childhood malnutrition 

may also affect the future capacity of individuals for 

woxfe* i til a generally believed that productivity among 

workers in developing countries is  low* This has been 

attributed at least in part to their poor physique as a 

consequence of chronic malnutrition. Habitual physical 

activity was associated with higher work capacity per 

unit weight, at a l l  ages and a ll nutritional groups 

(aathyaitararana et a l. 1979)*

sathyaoarayana &  (1979) point out that the
attanpte to improve the nutritional status would thus 

not only be aaeoeiated with better health but also with 

economic benefits in terns of Increased productivity*

q
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sathyaraneyana at al# (1979) oplm  that tha lack<xotex̂ w-ĉ te ^ood.
cfAprol«Ki«d periods resulted in lethargy and sluggishness 

and alao reduced physical endurance, v itari (1971 and 

I $74) conducted physiological studies and indicated that 

tha maximal oxygen uptake as measured toy using bicyda 

ecgometer wae reduced in malnutrition and resulted in 

reduction in maximal work capacity*

According to Davidson and Passmore (1973) 

physical activity is the greatest single £ actor 

influencing the calorie needs* Physical activity is  

combined with an expenditure of energy which in turn is  

derailed from nutrienta supplied by the food# people 

consume*

Physical work capacity can toe defined as the 

potential of an individual to engage in activities 

involving muscle action* such activities range from 

strenuous exercise of short duration to mild exercise of 

long uration* individual performance in acute strenuous 

oxerciso leading to near exhaustion (maximum exercise) 

depends mostly on cardiorespiratory reserve, oxygen 

delivery and metabolic adaptation (s a t  as cornea with 

physical training)# A reduction in haemoglobin concentration 

decreases the oxygen carrying capacity of the blood which 

may reduce oxygen delivery to the tissues during exercise 

(who, 1973)* The more severe the anaemia, the greater the
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raiassism In near maximum wort j ai furmenao. Physical

l.mnipasitar when tissue oxygen demands cannot

bo met*

s je lia  (1981) points out that in AimUpAai 

countries the iaoidamae of icon rtsf Inlanry an awn la la

often extremely high compared with that in th« iaC a ttlaU as l
<$

part oi  tha world* Xt has bean satlasted that there are a 

total of 260 million anaaaic woman in tha dawelapdag world 

alone* IN  overall jnupagtiSNi o£ anaemic woman la  

highest in Asia* Oceania* followed in a n a a iiU i order 

by Africa and Latin America* In developed a w e t a *  tha
i

prevalence of anaemia ranges from 7 to 20 par cant in
ir

non pregnant woman and upto 39 par cant in pragnant woman* 

Assuming man urtail vrcly that 10 psr cant of the non 

pregnant woman and 30 par cent of tha pregnant woman 

are anaemic, this would make an «Mitiamal 31 million 

bringing the world total (outaide China) of anaasie woman 

batwaan IS and 49 years of aga to 291 million (Food and 

aatrttian Bulletin, 1979)*

!
iron deficiency la nnsrtdewed tha loading 

deficiency disease and tiha modem ageiwslant of scurvy 

and pellagra acccrdl.a* to fates (1979)* Iron daflaieaar 

is widely rec^Khlned aa a major causa of nutritional 

anaemia both in daaslnpim (who* 1968 and cook at a l*

1976) and in developed tiM tri as such aa tha Onitad atataa 

(aha council on rood and aaarl r t iy a M d Ite e  on iron 

datitlenay* 1968)*
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Iron deficiency anaemia with its  reductic* in 

haemoglobin lerola 1* s t i l l  a najor health pro*4,eta

lwolvliig hundreds of millions of people throat out the
)

world « «  stated by Bengo© (1974)*

kho (1975) point# out that "a great dual of i l l  

haaith capping energy and productiveness in many countries 

aiid causing tragedies in child birth ie du# to anaemia** 

Thu# It  i# obvleui that urgent atape are needed to 

prevent and control anaemia*

nutrition society of India (1968) analysed scene 

of the factor# aa the laaaauraa for eradication of anaemia
I

namely education to eaoans* production and oonaueption
of protective food* rich in theao nutrient#, tho end oho ant#

in

of food# with iron and die trl but ion of supplements of iron* 

Giving a diet containing an ebendance of food# rich in 

iron, each a# <aoot# eggs, legumes and some vegetable* 

also incapoaaa# the haemoglobin content of tho blood# 

but rather slowly* It  does not produce imaadiata results# 

nor is it  feasible for a large population* The therapeutic  

administration of ferrmte sulphate sub#tantially raise* 

the hocnoeiofedA level within a few wo&s (Layrlose, 1970)*
i

awpplementation with iron is often the only 

feasible approach when there la a large deficit to bo made 

up in a relatively short short span of time according to

Jr



T

WHO (1975) * INACCG (1977) and aayer and DeKayer (1979) •

Finch &*(1974) report that the moat effective way of '

dealing with a population where the diet ie d ifficu lt to 

manipulate ie by the uae of medicinal iron involving 

treatment with iron salts*

Thua iron supplementation can be an effective way 
of combating anaemia and helpa in increasing the work 

output of population groups* This w ill indirectly help 

in increasing the groaa national product*

Having these points la  mini the present study was 
designed with the following aimsi

1* To find out the relationship between 

nutriticn and work output with special 

reference to iron deficiency among adult 

man and wosan doing specific activities sad 

. also adolescent boys*

2* to supplement the anaemic volunteers withV
suitable doses of Iron in the foam of ferrous 

sulphate and observe the impact of supplementation*

Zt is hoped that the results of the *tu<fr i l l  be 

of interest to those involved in increasing the work 

capacity of. population groups*

i 7
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XX* RSVX8W or LXTBRATOR*

Tha review of literature pertaining to the study 

or *Ana«ala and «ork output* la discussed under the 

following heads*

X. importance of l a e rw tag productivity 

2# Productivity m  related to the nutritional 
status

1* Prevalence of anemia

4* Ans^mia and work output

$• Rood for iron aupplementatlon

6. impact o£ iron supplementation on work output

India is a fast rrrwiwj country v&th a population 

of 684 millions (Haneesma# 1982)» The human elmnont 

necessary to fu l f i l l  our ideas is abundant, Paris (1966) 

stated that man mods to build up his strength and 

knowledge i f  ha is to taka tli6 firs t  stop from a stats of 

nsar starvation towards a land cf plenty, Copalan (1974) 

raportad that bitter nutrition can be the cause besides 

balflQ the result of soclo-economic development* Farrla 

(1966) quoted Thacker and ramindad that It is tha human 

rsaourcoa s t i l l  largely untapped t*>ich conatltutaa man*a 

raal hope for the future* Paris (1966) quotas# u*Thafcamt 
ubt termed it  "a ca ll to focus sttsatlan on nins •  tenths



of the icaborg that la  submerged* so the human element 

must taka precedence i£ development la to prove effective*

Governments and anterpriaea in developing 

countries have recognised the eloaa relational!ip between 

a va il fad labour forca and a high rata or productivity 

aa atatad by Ganain (197*). laprovad production raiaaa 

the droaa National Product aa la pointed out In LIFE (1972) 

tha consequent Increaaa in income would tban provide 

automatically fear batter nutrition* sai (1972) reported 

that ovary country dependa on ita working groupa for ita  

economic development and it  la almost axiomatic that 

a hungry nation cannot achieve Ita fu ll potential*

one of tha key factora in economic development 

ia tha output of tha workers# which in turn la influenced 

by their dietary intake* sadaaivam and John (1979) found out 

that » 3  a wall fad worker contributee nearly five tioaa 

more to production than a malnourlahad worker*

Aberg (1972) opined that a higher production of 

food par hectare brings with it  a batter nutritional 
status* Improvement of nutritional atatua la  ona of tha 

fact or a lraprovino the conditions of work and aa a result# 

increasing capacity for work (Report on Food and work# 

second international Meeting# 1974)*



I

sffielaney of *  uell fed worker results In greater 

1« m  IU m m  and absenteeism and l«v  accidents 

and it  should alao iaprovt the living standards of h is  

dependants, raisins both their current food consumption 

and the future health and production of children aa 

raportad by FAO (1976)*

Tha next chapter be 1 nos out tha relationship 

between producitivfty and nutritional status*

*• »t(KlUCttYity ** »««»»

Nutrition is one of the many interrelated  

determinants of human performance* Malnutrition leads to 

wastage of human resources* Reduction of this lose would 

increase the social affeetlvanees of the population and 

contribute to its  economic development (sadaslvmn and 

John# 1979) * Adequate nutrition is. an indispensable base 

for economic development aa stated by Faria (1964)* 

ttutterworth and Krumdeik (1970), Correa and Cummins (1971) 
Cal^and bongburst (1971), Cams(1971), Yudelman (1971),

Berg (1973) and Joy (1973) have focussed the economic 

implications of e poor nutritional status*

Edmondson (1979) opined that under nutrition may 

retard work productivity and economic growth of specific 

social classes in soma urban areas and soma over populated 

rural regions of the developing nations*
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Although the inter-relstionshIp between food end 

work efficiency are widely accepted in industrialised 

countries* they have hitherto received coaparitivsly lit t le  

attention in many developing countries, according to 

reports of PAO (1976)* fao (1976) reports that work
t

efficiency is  defined as the level at which the worker 

performs his task and is  measured as work produced in a 

unit of time and the quality of work must meet the 

accepted standards*

Many developing countries are faced with the 

problem of how and where to break the vicious circle of 

undemutrltion —  low work efficiency —  low productivity 

end lade of suitable food*

severe form of malnutrition and specific vitamin 

and mineral dafieienciee impair work capacity and 

performance (V lteri a* t * . 1974 and Pas 197S) to a great 

extent* According to pad quoted by v lteri (1981)

insufficient calories produce results that are socially 

undsdirabls*

The pad (1973) has contanded that poor diet 

reduces the working efficiency by increasing absenteeism# 

decreasing resistance to disease and causing lethargy and 

lade of drive* i.l£E (1972) reported that lethargy or the 

inability to maintain a sustained rate of work can result 

from poor nutrition* Any programme that w ill provide one



omal a day w ill grsatly increase the productivity of 

th« «tpl(ya«s»

Sathyaranayana j i *  (1979) conducted a stufy on 

96 rural Hyderabad boy® aged between 14 and 17 year® of 

age* He opined that impaired work efficiency in under­

nourished adolescent beys was partita the result of 

current undemutritioa than a consequence of early 

childhood malnutrition. Poor tfork performance and reduced 

physical endurance la aeen in undent our lahed subjects aa 

reported by Areakag id* (1949)# Pariakova (1973) and 

spurr §t j&* (1977) who found no reduction in work 

capacity in under nourished boy® and young adults*

Busina a l» (1979) reported a study on 665 
adolescent® of 16 •  19 year® which indicated that i f  the 

nutritional status la adequate short-for-age adoleacent® 

perform physical work capacity teats and v ita l capacity 

taats aa wall aa their ta lle r pears* when standardised by 

height physical work capacity# increases with improved 

nutritional status* Body mass index and relative body 

weight ha® a much higher connection to physlaal working 

capacity than did body weight*

Chaves &  (1972) opined that the physical

activity of the supplemented children (from early pregnancy 

to one year) was significantly greater than the noo- 

supplemented one and the difference net-sen the group®
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ifter t m d with age upto the point d  being six fold at 

th« age of 3 years* Vi tar 1 and raeuia (197$) reported 

that the work intensity and laiaure activity were 

higher in the nutritionally supplemented agricultural 

workers than in their non-eupplora^nted counter*parts*

Haywood (1974) atudiad the relationship of 

certain nutrition factor# to tha productivity of Jamaican 

sugarcane cutters* weight for height was chosen os the 

measure of nutritional status an index of fatness or 

thinness and therefore of energy stores* on tha 

Psmsesu£ estate where increase in energy 1 rrtWce(supple** 

mentation) was provided in the second half of the season* 

there was a significant affect of weight for height on 

productivity* The cutters whose ***** below 85 per cent 

cut significantly less can© than those whose was above 

95 per cent* There was a significant increase in 

productivity when supplementation was given*

B elli (1871) has remarked that productivity 

decreases when the workers do not eat enough * spurr a l* 

(1977) Indicated that the productivity in 46 chronically 

under**nourished sugarcane cutters (18*34 years) is  affected 

indirect/ toy the nutritional status through its  influence 

on the height# fa t content and '

Satyaaarayana f& (1977) reported a study on 
57 male industrial workers engaged in the production of

detonator fuses* Body weight* height and lean body mass 

ware significantly correlated* Correlation coefficient
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btifd as high m  0*72 (P <  0*001) tilth work output* The 

total daily output was alonUleantlf higher (P <  0.01) in  

those with higher body weight and loan body weight* I t  

m o  also observed that tho rata of work Increased after 

the provision of 'a msal.viteri (1971) and Spun sfc j i *  

(1974) oplnad that tha naniam work capacity la dlraoUy 

m l a tad to tha body weight or loan body weight* spurr 
gt el (1974) observed that work output in auger cane 

cutters waa highar aftar lunch than before lunch* National 

institute of Nutrition (1977) conductad a stu<Y on 70 

women working in an Industry whara tha work inrolvadi 

soldering of fuse heads* Tha body weight waa significantly 

related to tha productivity* wamen whose weights ranged 

between 90 •  40 kg turned out more work as compared to 

those with Weights 30 -  40 kg# 40 -  SO kg and 40 kg and

above*

satyanarayana $£ a l» (1972) determined the effect 

of food supploeent on the working efficiency of coal 

irdnere in the singarani coUeries* one group received 

a oupplcaent Which provided SOO calories and 11 g . 

protein daily* The other group received no sudh 

supplement* and served as the control* At the end 

of 4 months no significant difference was observed 

between the two groups either in their attendance or par 

caput production*

v
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sdnondson (1971) opined that peasant farmer* in 

East Java were often aa productive as workers with high 

Intake and the relative efficiency of the ten subjects 

with the lowest energy Intake was 80 per cent higher 

than the high Intake group* A selected simple of the 

same Individuals were examined In 1977 and It  was found 

that low levels of energy Intake do not necessarily 

result In low levels of human performance (Edaundson, 

1979).

Nutritional surveys in New Guinea by Oamen (1971).

Norgan £t (1974) and McAruthur (1977) confirm that low

levels of energy Intake In the order of 1.700 K.Cal/day 

or less for adult males and 1.400 K*Cal/day or less far 

adult fen ales who were physically active and led active 

lives with relatively minor and Infrequent signs of 

malnutrition.

Apfelbaun gt a l. (1971) carried out a study on 00 

subjects who were required to consume a dietary supplemsnt 

of 1,500 < .calories above the normal intake and forty one 

subjects were restricted to a semi-starvation diet of 

200 K.calories* After 15 days o f  over eating the fir s t  

group showed an average decrease in work efficiency of 

12-29 per cent* The group in the serai—starvation diet 

showed an average increase in work efficiency 12-17 per cent.
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Durnifk a i  M, (1973) pointed out that individuals 

In some loos developed countries ere active end healthy 

on intakes considered inadequate toy current published 

etenderde* Reports of email population existing in 

reasonable physical oquilbrium on 1m  energy Intakes 

while maintaining active l i fe  style may be found in 

numerous v illage nutrition surveys (Schofield a l. 1973)• 

seemingly f i t  individuals perform heavy work load with 

much lower energy intake (Morgen s& Mk* 1971)*

satyanarayana j£* (1978) reports that the 

majof effectof under nutrition on work capacity would 

thus appear to be mediated through its  influence on 

growth $ resulting in young adults with low body weight* 

undernourished subjects must be considered to have e 

handicap since those with lew body weights had 

significantly higher heart rates for e given work load 

as compared to their heavier counterparts indicating 

that they had either low cardiopulmonary capacity or 

that the capacity of their muscle to extract oxygen was 

lowered*

Thus poor nutritional status adversely effects 

the productivity which In turn retards the economic growth* **

** Pgwalancg-of

who (197S) suggested that haemoglobin concentration 

of leee then 13 g/100 ml of blood in adult males and



12 g/100 a l at blood in non-pregnant women of child 

beating ago is likely to indicate anssmis*

16

osuberliah (1976) considered haemoglobin loss than 

12 ** 9/100 ml def lclent in tha cass of males above 16

/oars shlis haemoglobin values loss than 10 o/100 ml 

deficient in case of females above 16 /ears*

values below 12 g/100 ml and 11*5 g/100 ml in

females are taken as indicative of anaemia as per the
•» »

norms ot Dee (1980)*

who (1973) has reported an overall anasmia 

prevalence rate of 20 per cent among the world population 

taken ee e whole* I t  has baen estimated that 20 to 60 

per cent of the individuals in oilfecent countries have 

eisb-dlnical or clin ical evidence of iron depletion 

according to Nutrition Reviews (1976) • Cook (1960)

opined that iron deficiency anaemia affects 10 to 20 

par cent ot the world's population*

Ftvf (1978) stated that iron deficiency anaenia 

la the eonmonset in a ll parts of the country* sven in 

developed countries like Britain* iron deficiency forms 

92 per cant of the total anaemias (Including a ll types of 

anaemia in female population* baker (1978) pointed cut 

that the incidence of anaemia has been reported to vary 

from 10 to over 30 per cent and three fourth of the cases 

have ise« preecrlbsd to Iren deficiency even in developed
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e0w n d ii«  ran n  ( ! • » )  wpcnaS thot mono 

collage aodm ta IS per cant ar® anomic in the united

In a atadf in Burma Aung T**n-s«fcua£ (1972) 

found thn prevalence of Ivon deflclencr anemia to fee 

S to IS par cant m<w* cowan « u J l  toJ  ptt cant anon# 

faan iunifle tha tcaM 9 l«U » oancantration of 11 «A®0 nit 
srh itrcrU f aa the out o ff point for anaemia and senam 

icon loan than 90 ng/ioo ml an deficiency >•

who (1974) reported tha prevalence of anaemia in 

India ta^jw icltii and vallara) haeed on tha a n  standard 

of lose than 12 g/100 mi for non pregnant woman aa follows, 

in dam ftattii in a sonpio of ®  non pregnant woman. 44*3 

par coat once anomic* while in volloro. in a oampla e* 
loo non pregnant m an  SS par cant com anaemia la  

volloro tha man cam 4 par cant anomic in a total of

W .

Hallttocg fife j&* (1979) stated that 2ft to 29 par cant 

of woman in tha child dead03 age ( nam»pccoaont) ware 

critica lly  111 from iron deflclencr anaemia. sand Clf83) 

reported the preyalanee of anamia mans malaa < 19-24 faaraJ 

to ha 4.12 par am t while in females Uftv24 fears) i t  caa 

foand to ha 44.7 per cent Carina a sa lt fortification  

eeHaheretive staffer 1974 -  1941.
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Datta (1982)* Rao (1982) and Haider (1982) 

reported the percentage prevalence of anaemia in the 

«q«  of 13 *  24 /ears for males to to* 9 par cant in 

Madras# 42.5 par cant in Hyderabad and 92 par cant 

in Calcutta*

Thus as aaa that anaemia ranks as ons of tha 

most common maladlas affecting mankind a ll osar tha 

world* According to slwood (1973) iron deficiency 

is  tha believed to be an important hasard to health* 

Greenwood and Richardson (1979) opined that iron 

deficiency is  undoubtedly one of the most serious 

public health problems during adolescence*

such s states of prevalence of anemia reflects a
woifk-

poor nutritional status affecting the total ̂ output of 

the papulation which is  vividly shown in the following 

chapter on anaemia and work out*

* •  *1TTfintT fffif w°«*  o n w ^ i

WHO (1973) reported that physical work capacity 

can be defined am the potential of an individual to 

engage la activities Involving muscle action, such 

activities range from strenuous exercise of short 

duration to mild exercise of long duration and maka us# of 

different mechanisms of physiological adaptation*
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Individual p«rfom «0oe in acuta strenuous exereis# 

leading to naar eahaustlon depends mostly on cardie 

respiratory reserve# oxygen delivery and metabolic 

adaptation*

Physical endurance d iffers from productivity in  

that the fotoar refers to the ability to perform 

certain physical tests under an a rtific ia l environment 

end the latter refers to the output of physical work 

in a real situation as stated by soeklraan (1974)•

who (1977) classIflee that iron deficiency anaemia 

occurs when looses of iron from the body are not balanced 

by absorption of sufficient iron to compensate for both 

normal and abnormal losses*

iron deficiency anaemia affceta the physical work 

capacity lay reducing the availability of oxygen to the 

tissues which in turn affects the cardiac output and the 

heart# eventually leading! to death in severe cease* 

baste (1977) and Who (1977) reveal that world Bank has 

Identified iron deficiency anaemia among the possible 

factors limitting work output and physical capacity of 

stale agricultural and road construction workers under 

tropical conditions*
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Bdgerton at *2 (2979) conductor e itu^r on the 

effects o£ icon c^ ic itn e f on worker productivity in *  

too plantation aetata in Kami/ area of sri Lanka* The 

quantity of taa picked/day was studied before and 

after Iron 8Uff»leMntttt<M« After one month's treatment, 

sign if  ie anti/ ear* tea was picked when the haemoglobin 

concentration was increased by iron supplementation 

(200 eg ferrous sulphate) than khan it  iwas not* 

the degree of impressment was greater in the wore 

anaemic subjects*

The economic implications of Increased work 

productivity with Ivon treatment are evident, 

particularly in developing countries* These results 

also provide strong evidence for the clin ical impression 

that people with iron deficiency anaemia suffer from 

tiredness and weakness (sdgsrton et si* 1979)*

A study was carried out in Sweden (1979) to find 

the effected iron eupplemeiitatlon on the working capacity. 

Healthy women in the age range of S8 to 71 yeare wera 

chosen for the stud/* Half of the women were given iron 

supplement# twice dally for a period of three months and 

a half of were given placebo* The average work perfocmanoe 

on an exercise bicycle was improved In both groups* Tho 

Improvement was about four times greater in the supplemented 

group*
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Gardner at al (1977) exaalMd the performance of 

7S womii plantation vockart in s r l Unkt on a treadmill*

The women van  grouped in a atap ladder fashion, aeaordiqi 
to their haemoglobin levels in their blood from 9 o/XOO «1  

(aailOM anaaiata) to 13 g/100 s i .  with each atap# dom 

the ladder* the work performance dropped* subject* with 

haemoglobin concentration 11*0 and 11*9 g/lOO ml showed 

approximately a 20 per cent decrease in the work tolerance 

whc* compared to subjects with haemoglobin concantratlon 

greater than 13 g/100 ml*

Gardner et al (197S ) conducted e study in  

Venezuela on 29 adult iron defeeient aubjecte with 

haemoglobin levels 4*0 to 12*00 g/100 ml* Haemoglobin 

levels for the iron treated groups after 83 days Improved 

from 7*7 to 12*4 g for the women end from 7*1 to 14*0 g 

for the men* The results support the concept that 

performance requiring high oxygon delivery is significantly 

affected by haemoglobin levels since 4 of the 29 anaemic 

subjects were unable to complete the 9 minute stepping 

task*

Lath an et al (1979) conducted work output studies 

on 281 road construction workers in the highland district 

of Nyerl and the coastal districted Kwale# Kenya* bow 

body weight for height was strongly associated with lower 

productivity end over time* low hemoglobin was associated 

with low productivity*
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The high Inna population m u  given a drink fo rtified  

with auger (supplying ?oo calories of energy daily) since 

those workers were on the average around 80 per cent below 

the recommended weight for height name* while the other 

half received the sane drink containing saccharine* After 

4 weak a the outputs were measured* It  waa found that those 

given energy drink increased in weight as compared to 

those given saccharins but no detectable difference between 

the two groans in terms of work output*

The world sank undertook a study with the A ll India 

institute o f  Medical sciences (A lim )* in New Delhi*

Northern India during (1974) • A survey of about 200 road 

workers in northern Uttar Pradesh revealed that the outputs 

of one of the two populations studied warn correlated tilth 

the haemoglobin levels, output waa measured as the amount 

of earth hauled and dumped over e fined distance* In both 

the population there was s close relationship between 

output and dietary iron and folate levels*

Bast* and Churchill (1974) carried out a study on 

male construction and plantation workers in Indonesia*

Iron deficiency anasnia was prevalent among plantation 

workers and on administration of Harvard -tap Test* an 

Inverse relationship was established between anaemia and 

physical work capacity* to teat the effected supplementation
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(100 mg of elemental iron ), two typical plantation Jobs 

«ora diosan* Tappara and wsadsrs vara a pi it  into anaemic 

and non anaamlo aroupa* iron p llla  and placebo acre 

administered on a double blind basic to both groupe*

Anaemic tapper output wm  10 per-Centrelow non anaemic 

output* weeder anaemic output was 20 per cent below 

non anaemic output* After supplementation the output of 

both tapper groups waa equal* The placebo enaamic group 

experienced increased output but wee s t i l l  IS per cent 

belcm the non»anaaroic «nd aupplemantatlon groups* The 

supplementation or placebo did not increase the work 

output In the non*anaemia tappers*

In  weedera, no difference was discovered between 

the output of supplemented anaesle weedere and placebo 

anaemic waedara* Anaemic men who received supplementation 

demonstrated a dramatic increase in serum Iron transferrin 

saturation and txbc levels* Anaemic groups receiving 

placebo showed no ohange*

Finch et al (1977) reported that fatigue and limited 

ability to perform muscular work have long been recognised 

as accompaniments of iron deficiency* A low oxygen carrying 

capacity of the anaemic blood has been assumed to be the 

major reason for tha low work capacity*
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Vlteri and Torua (1973) reported thatjtn 

sugarcane cutters there was a d lr«et relationship 

betveen haemoglobin concentration (or) packed coll, 

volume end eeoro on th« Harvard step Teat vhieh ensures 

cerdlo respiratory reserve with near maximum exercise*

According to Gopalan (197$) the work output 

depends on physical efficiency and anaemia profoundly 

affects tho work performance, since to perform energy 

demanding tasks, blood must be able to transport oxygen 

at a rate and level required by the effort* uhlch In turn 

depends on circulating levels of haemoglobin*

ohira (1979) opined that haemoglobin and

work time increasedslgnif icantly within four days after

iron treatment and continued to increase upto sixteen days

in six anaemic men and fourteen anaemic women after e 
dosage

total infusion of iron dextrsn toy vein (3 0 -3 0  m l)•A

Karyadi and baste (1973) carried out a study in 

Indonesia Nutrition Research institute among road 

construction workers in Java* The workers belonged to 

18 — 39 years. About 41 per cent of the workers were 

iron deficient (URO haemoglobin standard) and cut of them 

about 10 per cent were alec thought to toe suffering from 

folate deficiency* The results shoved that moderate to 

severe anaemia (11*1 g/lOO ml) present in 33 per cent of
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samples « m  closely associated with poor performance la  

Harvard Step Test (Kst)*

Another study by Sasta et a l (1674) n w  undertaken 

la  west Java with the Indonesian Nutrition Kesearch 

Institute* The daily work output, of about 600 rubber 

plantation wotkere was measured* Two types of work wee 

measured namely tapping# and weeding* la  so far as the 

weeds were concerned during their five hour work day 

the anaemic worker* cleared an area about 20 per cent 

less than the non-anowra1c workers* The intervention 

programme wes carried out for 6 weeks* After 6 weeks# 

work output measurement* snowed fchatjtho previously 

anawaic tappers were procucidg Just as much latex ss non 

anaaaio on»a* The haemoglobin levels of both groups were 

then similar*

Basts qt al (1679) conducted another study on 

rubber plantation workers in west Java Indonesia* Forty 

five per cent wera ansemle as judged by haemoglobin 

below 13 g/lOO ml* Haemoglobin values and Harvard step 

Test (hst) performance for tappers end wseders were 

significantly correlated* The rubber tappers were paid 

by their work output# their earnings were correlated 

with haemoglobin values* Morbidity end haemoglobin 

values were also correlated* Treatment with IOO tag 

el omental Iron for 60 days significantly improved
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h in te lflB iC ii tutiia of the antiilo men and their 

Harvard stsp Test performance# week output and Morbidity* 

Traatmant with placebo groups, received a dally incentive 

payment of 19 rupiahs equivalent to S to 7 par cant 

minimum dally vagee* The atm spent largely on food# 

raaulted in added intakas of 2 to 9 mg available iron 

and 90 mg vitamin C. Thia la believed to axplain a 

sign If icantbut smaller imorovemantjin haemoglobin# Harvard 

step Testperforrasnce, work output and morbidity in the 

anaemic placebo group* In an untreated subeastple to 

whom no payment was given no change in haemoglobin, 

hasnatoerlt# work performance# Harvard step Teat acore or 

disease morbidity occured* After Income supplementation 

was stopped haemoglobin and hamaotoerl t  values and 

related changes reverted to in itia l valuas within 30 days 

in the placebo c ro p  but dLd not change In ttm iron 

related group* The coat of iron supplementation was 

email compared with the conomlc benefits of inoreaeed 

productivity and lowered morbidity*

mho (1979) stated that severe anaemia Impairs the 

Maximum work capacity* baste (1977) reported that iron 

dsflcieney anaemia impar, a aha work output and energy 

expenditure of an individual*

since iron deficiency anaemia is  highly prevalent 

among adults# many of dies are engaged in agricultural or
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other physical work, this affect of anaemia on week 

performance may be of great significance on the economy 

and productivity*

cardiorespiratory functloai

Anderson and aarfcve (1970) have reported that iron 

deficiency anemia impairs tha working capaoity of 

individuals by placing an excessively increased load on 

their cardio respiratory function* They fe lt that highar

ventilation equivalents (Ventilatlon/axygen uptake)
>

found in anaemic subjecte was due to the lower level# of 

hemoglobin*

Davie et al (1973) found no reeplratary ehangee 

but significant cardiovascular changes in 17 subjects 

whose haemoglobin ranged from 9*0 *9*2 g/100 ml blood* 

Anderson and fiazfcve (1970) reported a higher exercise 

and recovery heart rates fee anaemic subjects* Delano 

at al (1972) opined a high incidence of s-T segment £C0 

change# in anaemic subjects*

S. a—d tor Iren Suonlw iw fttgai

iron la an essent ia l nutrient and a common 

substance seen a ll round us in evaty day life *  sharraa 

(1973) reports thatjiron deficiency ia tha cauee of 

widespread lllhealth , inefficiency and unhappiness.
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who (2975) ha* pointed out. that "*  groat dual 

of illhealth sapping -nergy and productiveness In many 

oountriaa and causing tragedies in dtild  birth is  d i« to 

anaemia, so immediate and urgent stops ars nsadad to 

prevent and control anaemia*

it»s education of protective foods rich in iron is  

«h« best way* Nutrition sduoatlon is essential for 

combating i t  (Devadee, 1973, 1977 md Burgess and 

Burgess, 1976)* Tho enrichment of foods with iron is *  

potential method for preventing anaemia* studies cm i t  

ars few so fo rU fica ti o  of foodstuffs with iron cannot 

form the basis of a public hsslth programme for the 

prevention of anaemia at this stags* Fortification  

appears batter but is a sera d ifficu lt, long tern 

solution to the rrobios*

According to NIN (1908), WHO (1971), inacQ (1977) 

and Baker and DeMsyer (1979) the raoet obvious and 

feaalble approach to the prevention and control of enamels 
in a large population, to be made up in a short span of 

time ia through the supplementation of iron*

NIN (1968) and Krause and Mehan (1979) report that 

tria ls  in several centers have shown that iron supplementation 

to anaemic people can effectively control the problmn of 

iron deficiency* the prophylactic dose of iron should be
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tip mg of elemental iron par day. The actual compound 

to bo used should bo either forrouo sulphate or ferrous 

fumarate*

Tho root majority w ill improve with simple dietary 

supplementation and additional iron preparation* Ferrous 

sulphate i» quite effective and the rise In haemoglobin 

level is directly proportional to the amount of 

elemental iron administered ttpto a dose of 200 ng/day*

Any severe anaemia takes about 6 - 8  weeks on dietary 

supplementation and medication to reach normal aa pointed 

out by Das (1980)*

nxm (1878) undertook e study on $ human volunteers 

and 6 monkeys* she iron tablet used in the nutritional 

anaemia prophylaxis program * containing 60 mg o£ iron 

aa ferrous sulphate end 300 mg fo lic  acid was investigated* 

After the experiment it  wee concluded that as by eight 

hours after dosing serum iron values had returned to 

almost baeal levels in monkeys* in human subjects however 

the baeal values were reached only after 12 hours of dosing* 

Ttiis experiment also gives an index for bio»avsllability  

of iron tablets as represented by the rise of serum 

iron to the peak value*

autothan Batu at al (1872) reported that after 6 

weeks of iron therapy given orally aa ferrous sulphate



n

containing 120 mg elemental non dally the serum icon
/

values 1ess than 90 yug/100 ml had a significant increase 

of 2 gm/100 ml In mean haemoglobin concentration in  

contrast to 0*2 g/lOO ml la  thoae given pscabo*

The treatment of Iron def iciency by aupplamentat ion 

la a eaay and quick and effective step. There la a 

vida cholca of preparation varying greatly in price but 

the leant expansive each an ferrous sulphate, ferrous 

gluconate are entirely satisfactory* XH&co (1931) 

reports that gastrointestinal aids effect® represent 

the main limiting factor la  oral iron therapy* These 

often disappear if  treatment is continued or may 

be tolerable i f  dose la reduced*

There la evidence to show that iron in medicinal 

tom is better absorbed and hence iron supplementation 

la useful In eradicating anosmia*

Oupalsn (1929) rsported that more severe the 

anaemia the greater is the reduction in near maximum 

work performance^

FAG (1977) reveals that the World bank has 

Identified iron deficiency anaemia among the possible 

factors limiting work output and physical capacity of
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of agricultural and road construction workers under 

tropical condition*• To make b a t ma of the readily 

available human resources, igpploMftUtlon la  on 

effective step In combating anaemia and increaslng 

productivity*

iron supplementation has an important beneficial 

impact on the work output aa reported by sdgerton at a l 

(1979) ,  Lath an et al (1979) t Beets and Churchill (1978) 

and Baata « t  al (1974)*

Gardner et al (197S) opined that iron supplements-
^  _ ,!j ' A *

tion haa an improvad effect on the work performance*

The coat of iron supplementation ia email compared 

with economic benefits of increased productivity end 

lowered morbidity aa stated by Baste t  a l in (1979)*

i
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m «  w w n w a m a *  psocsehsub

The procedure pertaining to the

stut* on “Anaemia end work output*1 la  dealt with under 

the following heedlnooi

U  selection of the eree

U  selection of the volunteer*
3* neseealog the nutritional statue of the 

volunteer*
%

•) coaduUno -ood uetdhnent e w e r

b) Recording heights end weight* of the 
volunteer*

e ) carrying out blodhomical satinstlon*

4* Rtoocdng pul** rate and blood pressure

S» aetlmatiag the energy expenditure

6« Quantifying work output for speeifie activities

7* sstlnatins physical work capacity with an 
esgoueter

8* tiuppleneatatiofi with iron

and *• evaluating work output after supplaaie**.atlai»

»• saltation of ttm m tm i

Two different piece# were ohoeen as the venae fo r  

the research work* The i iret one was an industtr " t l T  

o#L<«H«idu Ind^ury and the second one use Sri Raraakriehae
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s4»ool of Agrlculttara in PorlanaicKenpelaym* Thesa 

tw  pitot* were dh ow  M it  v m  easy to roach the 

places and whole-hearted cooperation waa extended toy 

tfi* management# and authorities in both tha places*

Tha wckors in tha c.D.tiaidu Xnchjtry and tha students 

in tha Sri aamakrlahns school of Agriculture* promised 

thalr cooperation Cor tha study*

*• g ^ y t lo n  ot tb* V o l*»t**a i_
•I

i t  was daoidad to choosa a oat of adolaaeant bays 

and a aet of working adult man and woman an volunteers 

for tha study* because there is  a need to find out tha 

work output of adult man and woman and also adolascant 

boys who form a big proportion in tha working 

population*

Accordingly IP adult woman and 18 adult man who 

weca anaemic were dioeen for tha study and 4 man whoaa 

haemoglobin levels ware satisfactory served as controls 

from the G*&*Haidu in d a  try. There was no control 

group available for tha woman*

Thirty sight anaemic adolascant bays ware 

available for tha atudy from s r l Raaakrishna school 
of Agriculture and 14 beya who ware not anaemic were 

diossn aa controls*
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3* s**e**lm  the

ft) conductlnct food welahment mxx&J.

food welchment survey 1« euppoead to be meet 

accurate iooqb the vtriow  otthodi of Otot iw o ift  soft 
hence it  wm  proposed to conduct food weigh ment iorv«f 

on ft subsamplft of 30 volanteere 8 adult men# 10 adult 

women and 7 icon adoleecent boys a ll of whom were 

anaemic* Two adult men# and three adoleecent boys from 

non->anaeralc group were also ohoeen for walghiwnt aurvey• 

Tasker &  S i (19G0> points out that a 3 day waighment 

survey would be sufficient, ae the dietary variation in 

d ^  to day li fe  ie not large*

A ll the raw food Items were weighed before cooking. 

Then the total cooked weight of the food wae recorded. 

After thin the volunteers were requested to consume the 

food* as soon as the eating wae over# the quantity of 

food le ft  unooneumed wae weighed and this wee subetreetod 

from the total cocked weight of the food* free the above 

data# the quantity of cooked food consumed by the 

individual wae obtained*

Hie raw ingredients used were computed frem the 

cocked food consumed* from this figure# the nutrients 

available from the diet per day wee calculated using the 

"Nutritive value of Indian foods"(copalan s i l l .  1982)*
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b)

Heights and Mtghfea ware races1 dad fo r a ll tha 

volunteers and the volunteers ware a aloe tad in such a 

nannar that the differences in height and weight batwaan than 

waa not statistically significant.

The height waa measured using a fibre glass tape 

fixed to the wall* The voluntaara were made to atand 

arraet and upright on a firm level floor bardfootad 

againat tha tape with a m  hanging freely at tha aidao* 

h wooden aeala waa placed gently on tha head, perpendicular 

to the wall and the height waa measured from the tape 

nearest to 0*1 an*

The weights were measured with tha help of a spring 

balance. Before weighing tha balance waa checked fo r its  

accuracy with tha help of standard weights* Tha i«£ghino 

scale could read nearest to 250 grams* spring balance 

was used as transport o£ heavy lover type balance waa 

d ifficu lt. Gurna? U£6@) points out that a spring balaao 

is adequate to measure tha weights# provided the balance 

la checked frequently for accuracy*

biochemical estimations are accurate means of 

assessing the nutritional statue of the population groups*
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i )  igj&gat

Four to £ lv« mi o£ venout blood uee collected 

fro i a ll the volunteers participating in th« study and 

the a erum was separated. >erum iron was measured by tho 

Dipyrldyl method of varloy (1969) • Tho dotallo for tho 

estimation of a arum iron aro given in Appandia (1) •

h fingor prick was made and 0*02 ml of blood v m  

oolloctod with tho help of a raiaro pipette, Tho blood 

waa bioea out into a f ilt e r  paper and stored after 

labelling* The concentration of haemoglobin was moat 

reliably measured after accurate dilution of tha blood 

sample in a aolution that converts haemoglobin to cyanmot 

haawaglobin which ia than quantified speetrophotemetrlcally 

using tho msthod of croaby ^  (1964)* The value* thus

arrived at were compared with those of ssuberlidt (1976) 

and a ll those telco the range of 12*0 g/100 ml mere 

termed anaemic In case of man and adolescent beys and 

a ll those leas than 10*0 g/100 ml mere termed anaemic 
incase of adult women • TKe procesU^e £=>v estiwnafc-e*>.
of (ocL€.w\̂ _̂ /obi'w Co giVevv < a f2j

4* gflfiarAfla...^£flli6L-ee»6-6ttd..Pl6Cd Pressure»

The pulse rate and blood pressure were recorded 

before and after the different activities*



The pules rate ‘./as recorded for the varlow  

activities before and after the supplementation to see 

the effect* of activity on pulse rate*

For raeordlng the blood pressure the a object* were 

made to lie  in a comfortable politico and the blood 

pceeaure wee recorded using a sphygwnmancwwter Uphygmoo *  

pul**) by auscultatory method*

in the indirect or clin ical method (fir s t  suggested

by vieradt in 1035) the height of a column of mercury «•
*

or other force -  required to euppreee the pulsation* in 

m  artery ia employed ae a measure of the pressure in the 

blood in the artery* The instrument constate of an 

inflated cloth-covered rubber beg w'ich f  ite anugly 

around the upper atm chief) ia held in position by 

wrapping an extension of the cloth covering over the bag 

and about the axm tile* a bandage* The bag communicates- 

with a mercury manometer and can be inflated by a 

preeaure bulb* on the tube leading from die bulb to the 

bag there in a needle valve which can be opened gradually 

to allow air to escape and the preeaure in the bag to 

fa ll*

To measure the pressure the cuff is  wrapped tightly 

around the volunteers arm in the region of the brachial 

artery* Air la pumped into the cuff until the air pressure 

is  great enough to compress the artery so that no puls# is
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heard* the stethoscope i «  need to u *t«n  to the poise 

e* the brachial artery at the elbow* Then the valve la  

opened slightly so that the pressure In the cuff beings 

to fa ll*  soon a distinct sound is heard as blood spurts 

Into the artery once again* The pressure at that instant 

la read ea the aytollc pressure. The sound gets 

louder end then changes In quality, and finally  becomes 

inaudible* Pressure et the time the sound is no longer 

audible la read as the diastolic pressure*

The blood pressure was rscordsd for a ll tha 

activities before and after supplementation with ferrous 

sulphate tablets.

Tils energy expenditure of the volunteers during 

activity was recorded using an apparatus called Kofrenyi *  

Micheello rssplromstsc* The apparatus is  mads of rubber 

and utualy of 100 litres  capacity* It  is light weight 

portable reap irons ter whidt can measure directly the 

volume of expired a ir and simultaneously divert e smell 

fraction into e foot ba ll bladder fee subsequent analysis* 

The instrument can be worn at the bade like a haversack*

The expired gas in the rubber bladder wee analysed for 

its  oxygen content* The oxygen consumption was converted 

into kilo-calorics using the formula given by Bratton (1959)
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which is  given bslows

Cubic centimeters of 02/mlnut*

1,000
X 4*86

Dstails for the conversion of resplronster data 

to oxygon units is given in Appendix (3 )*
f

The major equipment used tom ths study was

1) Kofranyi Michael is M ^ p in s iU r

2) Beckman oxygon analysor

KafiKiffifl .m stosia.tm pJkM m tim iz
simplified and compac^unlt which is  fa irly  m all 20 x 2? x 

11 cm and weighs 3 leg* I t  is  dolicato and portable*

Ths parts of tho rospiroswtor aro Rubber Bladder* 
boss clip* Rubber tubing* Mouth pises and value*

Thors aro exit and entry parte one on each aida 

of tho reeplrosttter* The operation of the Kofranyi 

Michael la Roopironotor involved the following atepe.

1. saturating the rubber bladder with the

vxpietd a ir fo r two to three hours in order 

to f i l l  in the air apaeea of the bladder* 

thus preventing diffusion of air#

2* Placing the reaplrometer on the back of ths 

subject*
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3f Attach loo the rubber bl«dter after emptying 

to the exit part of the raeplrometer with 

•  ec£»w clip*

4* Fixing the none d ip  and south piece

9* Turning the tep on the reepirometer (right 

hand aide of the subject) to the position 

required to extract either o«4 or 0*3 per cent 

of the total air axpired passing through the 

meter*

6* Noting down the reeding on the meter scale at 
the raaplrometer.

7, Turning the tap on tha reeoirometer (le ft  

hand aide of the subject) to vertical 

position*

0* Noting down the time# room temperature and 

the barometric pressure*

9* Turning the tap to the horlaental position 

at the end of each teat period*

10* Noting down the reading on motor d ia l of 

the reepicemeter*

11* Renewing the itoee clip  and mouth piece

12, Hamowing the rubber bladder after closing 

it  tight with tha screw clip *
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Amlyslns the g w  content in the rubber 

bladder

and 14* cleaning the mouth piece end the noee d ip *
t

ggaaauthanat** soma of the precaution® lieted  

below ere etated by coneolasia (1971) and followed in the
•i

present a tody*
■* v

1* Prior to the collection of expired air# i t  

wu tea ted fo r leaka through the noae clamp 

of eecpired air* tha reap irome ter valve wee 

checked for leaka.

2* the aliquot baga were checked fo r leaka* itie 

sample of. expired a ir waa removed with the 

eyringe oa acock am possible to alnlmiaa 

errors introduced by diffusion of gaaea 

through tha rubber bladder. The qlicjuot 

bladder waa always atored fu ll of eocptred air 

in order to eaturate the rubber with carbon 

dioxide* Prior to uee# the bladder awet
7

be evacuated with a vacum pump end cloee 

off with a pinch d ip *

U  The equipment wee operated for a few minutes 

price to chc beginning of the measurement*

4* whenever possible, the expired gee wea 

analyaed dlractly from tha bag# and waa
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tw U lii that th« expired a ir had reached 

equilibrium at coos temperature prior to 

analysis*

tiatfwm  M W  i f i f ly w ir  * * * * * *  oxygen 
analyser war used for detain ining the percentage of

oxygon preaant in the expired air*

the following are the stepst

i* connecting the rubber bladder to the

sampling tuba after removing the protective 

rubber bulb*

2* Loosening the screw clip on tho rubber bladder*

3* Pressing and releasing the cespironetsr bulb 

t i l l  e ll the air in the bladder enters tha 

analyser*

4* Koting down the percentage reading on the 

meter scale of the analyser st once*

Other accessories are stop-watch* notroncsn* 

thermometer and barometer* a stop-vatdh was used to 

note the tine taken for a ll the activities* A metronome 

controlled the speed of the subjects while perfecting the 

activities* A theoacmeter graded in centigrade and a 

barcNaeter graduated in millimeters were used to record 

the room temperature and atmospheric pressure*
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Tho «b« v  oxpondituro incurred during v«rlcw
•etlflfeiM  toy th« annotate group m i compared with that 

of tho flMKWBMilc group*

•• oamttftriM ««*fc cutout t a r  sp«cH 1b JwtlTlU— i

Tho activity performed toy olx non and nino woman 

woo profits w illing ond milling of oloto roopoetlvojy • 
tho no«h lno wood woo o production milling * manually 

oparated with manual footing in tho standing pool tion*

in profilo milling tho piece woo clampod in tho 

collot than tho flo t  earfaeeo woro millod to o rodluo 

of 4 n cm by an** oftor indexing (rotating to ISO*) 

tho piece woo than removed from tho collet holdor 

oftor loosening tho collot* tho milling of oloto 

involved milling two oloto in o olnglo oporotion on tho 

foes of o goar blank*

Tho othor activities pocformod bp e oot of oixtoon 

non in tho same industry woo match lopping and rough 

lopping* Thoro woro aim man in oooh ontogeny and two 

controls in each* Tho Job roquirod tho worker to stand 

at o place and manually food tho olootrieolly oporotod

Match lopping involved fining tho noodlo and borrol 

in tho collot* than removing tho borrol* applying tho
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paste on the needle ana then lapping the barrel and 

finally  removing the piece from the collet* Rough

lapping required fittin g  the lapping bt»h on the
* *

a e itd  applying the paste and then lapping t i l l  the 

bore in barrel va« 1y«i*

Lapping was performed by ten woman# bet here the 

nessle need waa parkins* The activity required th* 

worker to ait at a plana and carry out tha following 

operations fining the tone in the Jaws# applying tha 

paste in a 60* angla and lapping tha bottom of tha 

seat (noaale)*

The work output in an eight hour ahift waa measured 

la  terms of number of pieces tallied or lapped and could 

therefore be precisely quantified* The workers ware 

given an incentive pay according to the number of 

planes milled or lapped after fu lfillin g  the minimum 

output to earn their basin wages*

in nase of tha a ll tha adolescent boys the length 

of the single furrow made for sugar nans plantation la  i 

specified Urns was taken as tha activity# The

work output for different activities l
tarjg&ved before and after supplementation*

"d
&

'.■ ■ AX
"i M -1
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Tha method used m s  that developed ly  sjostrand 

(1947) Shidh basically involved m a H N M t  of heart 

rate at known levels of fliwiaralluart work aa performed 

on a bicycle eapmaabar* An m p m m i  ( « cqo •  vod(« 

meter *  measure) ia an iaat rem—t in which the amounts

of maufctm&sal work par unit of time axe n g U M M U
<

Heart rates of the subjects were e waiter ad while they 

were cycling at a speed of 40 t e n k H t a i  per minute 

against known atouate of reelatanas in the witting 

position on a venky s l s e t l  eel aryaanter* The a E jecta  

ware ancrwragart to pedal iipto complete e*i suet trie. in 

the present study the amgemsear was used to study the 

physical week capacity of the wn l eat ear a. Figure A 

shows a volunteer working on the eegamstar*

A ll the 19 ease 1c women* id anaemic men end 38 

anaemic artrriaeaets were supplemented with ©lamenta 1 ires  

of 40 eg of ferrous sulphate per,day for 128 days* The 

naa eaaesie vgimnteaue were given a placebo tablet to

tablets every day after lunch break#
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** ayaimtanff th? i r w  rff

The h oamogloHn a N  tamiB icon lavala wore 

estimated after iron mpplwtnUtioit and was r rtjparort 

with in itie i values* The energy expenditure in  

milling * lapping and in making a furrow was found and 

compared with the earlier value#, similarly the ' 

differences in work output in the number of pieeee 

milled and lapped wee determined* Also the physical 

work capacity with an ergometer was measured end 

compared with the earlier valuer.
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XV. RSSUltfS AND GZSCPSSXOlt

<Rm r ««o lt «  and dlacuaaiona pertaining to this 

•tudr on "Anaonla and woe* output* ia  dlacuasad under 

tho following heading*!

i* Nutritional atatua of tha voluntaara

a) naan food and nutriant intako of tho 
voluntaara

b) Naan height* and waight* of tha voluntaara 

e) Maan aarua icon lavala of tha voluntaara

d) Maan haanoglobin level* of tha fo lait tw t

2m Pulaa rata and blood praaaura of tha voluntaara

%m snarger aapenditur* of tha voluntaara an
estimated with icofranyi Michaalia reap lroaa ter

4« warn output in carrying out tha specific 
activities

5* Physical work capacity with an elaatriosl 
ergoawter .

6* impact of iron supplementation on tha 
voluntaara*

U  nutrition*! 9WMI Vt YolWMMtl

•) fw n ,r 'r*’ and mfeil«nt lntafc* o t TOlantntPLl

Table Z tarings out tha naan food intaka of tha 

voluntaara participating in tha atiufer •
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Tile food intake of the adult males both anaemic 

and noo~ana«Blcs was adequate with respect to only milk 

and Milk products* The totako of aU other foods wore 

inadequate. Howpftif the Intake of arson leafy vegetables 

and Ja®a«*r were higher among the nof»»aaae*ie aisles than 
aaong the anaemia males. .

The mean food Intake of the anaea&c women was 

Inadequate with respect to  cereals* pulsas* green leafy 

vsgatables* other vegetables* root* and tutoars* fate* 

neats* fish , eog* auger and Jaggery* I t  was adequate 

only with respeet to fru its and n llk and milk products.

The mm  food Intake of the anaealc adolaseant 
b< ŝ was inadequate with respaet to s l l  the foods add 

gre«i leafy vagatablaa wars tota lly  mlssltv* Tha mean 

food Intake of tha non*»anaeaie bcy« was adequate with 

reapaet to actuals and fru its* Th«* had conouaad sons 
amount of greens at laaat*

M  ftgtoisnt Intfke oC the volunteerst

Tatis IX presents tha mean nutrient Intake of the 
volunteare*
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The nutrient intake of the anaemic man wee 

inadagmste with reference to a il the nwtrl nntn when 

compared with the meaanandad dietary allamaaoes*

However the fflffew w a waa marginal* The nutrient 

intake of non anaemic men waa better end their intake 

with s iN e n a t  to calcium, iron and thiamine waa even 

above, the caaeaM aM  dietary ajjbmaeea* '

Calculation of the mean nutrient intake revealed 

that the intake of energy, iron and retinol was iaedegwmta 

for anaemic woman While the intake of protein, lae la  

and vitamin C waa only slightly inadeapaake when

Xn case of anaemic aMammant boys the intake of 

protein, energy, calcium, retinol, iron end vitamin c , 

fe ll  below the scow m ind e i l « e « S n  the intake of 

a ia im gp la i waa much batter with wmtmamamm to protein, 

calcium and iron and ta llied  well with the

These results on food end nutrient intake reveal 

that the intake of iron rich foods in low aaong anaemlee 

end the ease ia better among anaaaagda* among the 

dUSH&atek groups studied* This lew intake of iron rich 

foode ia acf&aaksd in the nutrient Intake where the iron 

obtained from die diets of m iadaa are lower than the 

values recorded by the S P M ip iQ tc
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Individual d*t* pertaining to the food and 

nutrient Intake la given in the Appendix 4*

w  the volant—ret

Table XXIhlghlighta the mean height and weight of 
the volanteere*

TABLE XXX

MJSA1I K SIGHT AND W SIGHT CV THE VOZJffNTS&lS

Mean •t# Mean
croupe Number Height value weight value

in cm bw /ê. ' Vfc- *

Hen«

Anaemic IS 165*6
0*80

48*3
0*58

Non Anaemic 4 166*2
, 50

aaani
Anaemic is 131*1 * 44
Non Anaemic — — — —

SiSlBiH^tr f r W f l
Anaemic 38 165*6 0*67 47*0 0*775
Non Anaemic 16 166*8 47*8

The volunteer* for the preeent etudy were eo ehoeen 

that the age group in each category wee comparable* The 

male volunteer# were in the ege group of 24 ~ 2S years*
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The mean height of the anaemic men wee 165.6 cm against 

166*2 cm recorded by the non-anaemic men* in caee of 
woman volunteers the age group chosen was 20 •  21 /ears* 

They recorded a mean height of 151.1 cm* and a ll of them 

were anaemic* »on»ansamic woman volunteers were not 

available for the study* Adolescent boys in the ege 

range of IM 8  years were selected for the study* The 

anaemic bays recorded e mean height of 165*6 am against 

166*8 cm recorded by the non^anaenlc group*

The mean weight of the anaemic mole volunteers was 

48*2 bg as against 50*0 bg registered by non~anaamlc 

group* The mean weights of the anaemic female volunteers 

wee 44 bg* The anaemic bays recorded s mean weight of 

47 bg* while the nen anaemias recorded a mean weight of 

47*8 bg*

The mean weight of the men both anaemic and non* 

anaemic wee lower than 55 bg* the weight of an average 

Indian man* However the mean weight of women wee almost 

near the average weight of an Indian women who weighs 

45 kg* The mean weight of the adolaswnt  boys wee lower 

when coopered to the mean weights of an average adolescent 

boy •

statistical analysis of the heights and weights 

revealed that the differences in heights and weights between

I
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anaemic end noo»eia«nie men end anaeaic end jMHMmiMile 

boys wee not statistically significant. Thie ie 

essential for the study as greet differences in height 

and wort output may influence the work output end energy 

expenditure of the individual. To attribute the 

difference# in energy expenditure to the state of 

anaemia, their heights end weights need to be statisticsUy  

insign if leant* ,,

a

individual date about heights end weights ere in 

the Appendix 5.

c> Meao^asrum Aran .levels. of the volunteersi

Table TV putaforth the mean serum iron levels of 

the anaemic end non-aneemic volunteers at the start of 

the study.



56

MEAN SERUM IRON LEVELS OP THE VOLUNTEERS
i

TABLE XV

Mean serum
croups Nrnaber iron levels 

in^ug/100 ml
*fc' value

Mem

Anaemic 18 54*9
4.366**

Non*»anesmic 4 16.0
Women1

Anaemic 19 49,3
Non-anaeaic — —

A^lasoant bovsi

Anaemia 38 54.3
4.650**1* on-anaemia 16 69.5

**signlf leant at 1 par cant level
*

According to the Institute of Central America and 

Panama Nutrition Programme (1972) (INCAPNP) serua iron 

levels lower than 45 uo/lOO ml indicates high risk , 45 -  59 
ug/100 ml indicates moderate risk and above 60 ug/100 ml 
low risk#

The anaemic men in  the present stud/ registered a 

mean serum iron value o f 54*9 ug/100 ml against 66 ug/100 ml 

recorded by the non anaanlo group* The serum iron mem
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levels of ths anasmlc woman was 49*3 ug/lOQ ml* The 

anaemic adolescent boys registered 54*3 ug/lOO ml against 

69*S ug/lOO ml registered by th« non-anasmlc beys*

camoarlng these values with INCAPMP values a ll 

the anaeaic groups the men# woman and adolescent boys 

wars at moderate risk*

statistical analysis between the values registered 

by the anaemic ami non*anaeraic men and between the values 

registered by the anaemic and non-anaemie adolescent boys 

revealed that there was a significant difference at 1 

per cent level# between both the groups* I-wcLV' cL ^ i se^ur^
Ul&V* \Z’o£u.&̂> GiTffZ. î w "the pVpjoCwdL-X <o

«> s/LstXL.

Table V presents the meen haemoglobin levels of the 

volunteers at the beginning of the investigation*

*
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M£AM HJUSMC01«08Ztl LSViSLS OF WS 
volurtmrs

TAILS V

Croupe
►

Humber
Mean Haemoglo­
bin levele in  

g/lOO ml
•t*
value

went
Anaemic 13 9.7

Non* anaemic 4 13.3 16.867**

sauberlloh (1975) 12.0

BSBEU.
Anaemic 19 8.8

NoiMajM^e —
sauberlich (1976) 10.0

XdQlMCMt bfflW t

Anaemic 38 10.0

won-anaamlc 16 12.9 19.14**

sauberlich (1976) 12.0

•*81gni£ leant a t 1 par cant le v e l

A ll the la admit men ware anaamlc aa per the 

valuer o t sauborlirfi ( 1976 ) who consider* leve le  below 

12 g/100  ml to  he anaemic* The mean value registered  b f
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the four noo»ana«ftlc non were oboiro tho 12 g/lOO ml 

confirming that they worn non-^maenic# Tho anaemic 

ijoyi had registered lO g/100 ml and noiwanaamlc boye 

had registered 12*9 g/lOO ml* Tho anaemic woman had 

registered a mean Value of 8*6 g/lOO ml which waa 

really a wary low value against 10 g/lOO ml of 

^auberllch (1976) tho minimum they aro expected to 

have*

statistical analysis between tho vaiuoa rogiatorod
v

lay tho anaoalc and non*anaoaio non and tootwoon tho valuoa 

rogiatorod by tho ai&oilc and noo-aneemlc adnloaeont 

bcye rovoalod that tho valuoa wore aignlflcant at 1 par cant 

level* Zt waa important to chooao aiteh volunteers with 

significantly different valuoa oo that it  w ild  bo 

pooolblo to attribute tho differences in tho aotvitioo 

to tho differences in the haemoglobin levels*

Zndivldual haamoglobin Valuoa aro given in the 

Appendix 7m

2. M f  and mood f t w w n  at tn * voXw o c t i

Table VI high lights tho moan pulao rata of the 

volunteers participating in tho study before and after 

tho activity# recorded at tho be inning of the study*
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MEAN PULSE RATS OP THE VOUWTESRS BEFORE AND AFTER THB
ACTIVITY

TABLE VI

■ i
a 

&
aa

Rate
croup Number *

Before
activity

After
activity

Hem

Anaemic 18 81 115

Non*»anaemlc 4 77 111

saaaLfti
Anaemic 19 82 120

Hon»enaemlc — — —
Adoloscentfrysi

Anaemic 38 76 124

Non~&nasmlc 16 75 121

Ae ie evident £com Table Vt - there was an increase

in pula a rata altar doing activitiaa Ilka profile milling# 

raatd~. loping and rough lapping in taunt alot milling and 

lapping in case of women, and making a furrow for sugar 

cane plantation in the case of adolescent bops. lha 

difforanee was obaerred among a ll volunteers irrespective 

of whether they were anaemic or oon-enasroic, However i t  

was noticed that the rate of increaee in the pulse rate 

was more for the anaemic men and anaemic adolescent bays
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whan compared with their non-»ana«mic counterpart*• itila 

increased pula* rata among anaeaic man and adolescent 

boya may indicate that they had to put in a higher 

effort to do the name activity, because they were anaanlc* 

Individual pulse rates observed before and after the 

activity la given In the Appendix 8*

Table v il deplete the mean blood pressure of the 

volunteers before end after the activity for a specified 

period of time*
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TABUS V I I

new ©loop vnssmrats BEFOftS MSP AFTER WS ACTIVIt*

Blood pressure
groups number 1

Before After

Meat

activity activity

Anaemic la 120/81 133/98

Non*anaemic 4 121/79 130/33

m m & s.

Anasmle IB 118/79 133/94

Non* anaemic „ — ' — SMM»

Mala— Bt M W i
. Anaemic 38 118/80 13//81

Noo»an amnio IB 130/83 129/83

Both the systolic pressure and diastolic pressure 

apposrsd to increase on performing tho activity irrespective 

aC whether they were anaemic or rton-anasmic adults or 

adolescents*

individual blood pressure observed before and after 

tho activity are given la  tho Appendix 9«
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The energy expanded for the different activities by 

adult man volunteer* both anaanlc and non-anaaralc la ah own 

against their haemoglobin values in Table VZXX*

TABLE VZXZ

aNBBQnf EXPENDED BY HALS VOLUNTEERS FOE THREE SIFFBRSNT
ACTIVITIES

Mean Mean energy
Activity Number haemoglobin expenditure

level In In Kcal/nt
0A<*> «1

Profile milling 6 9*7 4*196

Rough lapping 6 9*6 3*391

Match lapping 6 9*7 3*934

Profile milling me —

Rough lapping 2 13*9 3*028
•r

Match lapping 2 13*2 3*33

Table v i i l  clearly shows that e mean energy

expenditure of 4*196 Kcal/rat wee required to undertake 

profile milling by anaemic men whose mean haemoglobin 

level wee 9*7 g/lOO ml* A $ean 3*391 Keal/mt wee required

to carry out rough lapping by anaemic men vhoat mean
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haemoglobin level was 9,6 mg/100 ml. on the other hand 

only 3*028 Kca1/mt was required by non*enaeralc men whoee 

mean haemoglobin lv « l«  wee 13*3 g/100 ml* It  la evident 

from this table that men «*to have a higher haemoglobin 

level and Uho are not anaemic expend relatively leae 

energy to perform the same activity when compared to 

those who are anaemic* This confirm* the facta that 

energy expenditure ia reduced with an Increase in 

haemoglobin levels# which might indirectly mats it  

possible for the individual to work for a longer time*

table lx  shows the relationship between energy 

expended and haemoglobin levels for two activities by 

adult women volunteers who were anaemic*

TA2SLR IX

m m si sw&mm  wohsx votom m sa '

Activity
number haemoglobin 

level g/ioo 
ml

Mean energy 
expenditure 
Keal/mt

Anaemic women! '•i
slot milling 9 8*8 4*140

Lopping lo 8*8 3*604
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The mean haemoglobin level of 9 adult woman who 

wara doing slot milling and 10 adult woman #>o were 

doing lapping wan 8*6 g/lOO ml and the energy expended 

to carry oat thaaa nativities wara 4*140 Kcal/nt and 

3*604 Kcal/mt reeeaet i  vely. since thara wara no 

oontrola -  that in no nem»ineptly woman doing thaaa 

aetia&tiaa it  waa not poaaibla to camper© the quantum 

of energy expended, with hnamnglohln lowaln*

Table x praaanta tha energy aa$>andad by adelaeaem 

boya for preparing ridge© of K2 foot height and one foot 

width of mm final n art length in a apaciflad time duration

* TABLS X

s a m e *  w s * m m s >  by iimnnai iwt boys for p t m u r n m  furrows

Group© Number
Mean Mean energy 

haueagl nhlw expenditure 
level Koal/mt 

g/lOO ml

Anaaoic boy© 38 1 0 *0 4*129

nem lanaaetr boy© 16 1 2 .9 3*801

Zt in evident from table x that there appear© to 

Joe an inverse ralatinnehip between tha mean 

level© and the energy expanded* ,**•-

<r -*'■ ■ r



leve lseco a* the hi—np 1 niitn

liter— * there is a decrease la  the amount oC energy 

raqulrad to carry out a specific activity* zn this 

atu<%r th« i in In— at, boys who ware anaemic (10 g/lOO ml) 

spent 4*129 Kcal/nt while digging the furrow against the 

i — 11 beys <12.9 g/100 ml) Who required only 3*801 

Kcal/mt for carrying out the sane activity* It  la 

possible that those who upend mere energy would get 

exhausted faster than those who spend leas energy* in a 

a— etrted  time*

i*ha individual energy expenditure fo r  a ll the 

iViffae— t  a c t!v itie a  by the d iffe ren t troupe o f 

— I d il i f  la  given in  the Appendix lo *

table x i brings out the mean work output of the 

anaemic and a— enic adult man and woman during a 

specified  time*
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HSAN WORK OUTPUT OF THg VOLUNTEERS

Croupe
Activity during a work output

No eight hour Shift interms of 
number of 
pieces

*t' value

Wan

Anasmie 4 Profile milling 274
Anaemic 6 Match lapping 104 1*84
con-anaemic 2 Match lapping 128
Anaemic 4 Rough lapping 149

3*017*
Non-anaemia 2 Sough lapping 222

women

Anaemic 9 slot milling 1100
Anaemic 10 Lapping 21

*signi£ leant at 9 per cent level

Table XZ reveals that in an eight our shift 276 pieces 

were turned out 1 p ro file  milling by anaemic men* Hie mean 

number of pieces turned out in match lapping by anaemic men 

were 104 against 128 turned out by non-anecaic men« similarly 

rough lapping could be dons on 16S pieces by anaemic men 

againet222 pieces by noi»»aaaamie men in the specified time 

peeled* These results Indicate that non- anaemic men perform 

better end their work output was highar when coopered to the 

anaemic men* For slot milling 1*100 pieces* and lapping 

21 pieces could be completed by anaemic women* No compariaona
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for this wu pcs si bio In itia lly  as there wars no non* 

aneeale women, performing thaaa activities*

statistical. . analysis revealed that the 

difference* in tha number of piscos turned oat was not 

a ion if  leant far match lapping* However tha differences 

for rough lapping was statistically significant at 

9 par cent level*

labia XXI shows the mean coverage in tarns of 

length by tha e<*>ie»oent buys both atasmlce and non* 

anaemic** •

TABLS XXZ

XSAN LENGTH COV£RSD BY TH1 ADOLESCENT BOYS

Activity work out*
Groups Number for 10 put in

mlnutee tense of *t*
. length value

covered 
In feet

Anaemic 38 Preparing
furrows

34,8
14.90**

Non-anassic 16 94*1

“ significant at 1 per cent level
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During a specified period of 10 minutes the 

anaemic boy# prepared furrows of 34*8 feet lenght vhile 

for the sane time non»aiM<nic bay# could prepared furrows 

of 14*1 feet length which was about one and half times 

more length cowered than that covered by the anaemic 

boys* Again here it  appears that the work output by 

non-anaeraic beys is  considerably higher than that of the 

anaenlo beya* indicating that anaemia affecta tha wort 
output*

Difference between the length covered by the 

anaemic and non^anaeoic boys was statistically  found to 

ba significant at/l par cent level*

The individual work output by a ll  tha different 

group# of volunteer# la given lnAppendlx 11*

*• ..??<*& caam tvt .with w  a l«ctrtc «l aeon— f r t

Table XIX X deplete the physical work capacity and 

pulse rate before and after ergomstry*
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TABLE XXII

PHYSICAL woAJC CAPACITY AND PUIS8 RATE BEFORE AND AFT BN
BROOKSNOT

Number
AMtlUlKW 
applied in

N «ttl

Time re» 
qulred
for <w»* 
hauetion ' 

lneoeo- 
nde

naan pulae

before After 
ergo* ergo** 
matey metry

iiflO.
Anaemia 6 275 88 78. 148
Non-anaemic «B — — — —
woman
Anaemic 8 68*75 s All 77 148

Non-aoeealc - — — — —

AffeihKtgmtJaaa
Anaamlc 38 275 101 “ 78 144
Nan-enaamic 15 275 118 76 141

while the reeiatanoe applied wee 275 « » t t « , the 

anaemic man got waft ousted In an esganstxy in89 eeconds* 

Tha anaemic woman got eahoueted in 08 seconds with a 

reeiatanoe cf 66*75 watte* Tha anaemic adoleeoent bora 

for whom a reeiatanoe of 275 watte wee applied got 

emanated in lOl eeoonae of recorded hr non - anomic boy a*
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This again goes to prove that for non-anoomlca enduring 

physical capacity la mare than tho anatroics.

The pulse rata had increased for a ll the groups - 

after ergowstry# irrespective of whether they ware 

anaemi or non-anaemic.

The Individual pulse rate and the tine required 

for exhaustion on an ergomater is  given in the Appendix 12*

6* impact of icon supplsmentatignso the ygltfptfl«£l

Table XXV puts^orth the mean serum lroplevsls before 

and after supplementation with iron tables*

TABLE XXV

HSJM SSffiJM IRON LEVELS »S#ORS AND AJFTSR SUPPLSHIMITATION

Groups

Hen-
Anasmic

Anasmic

Adolescent bOVS 

Anaemic

Mean serum icon jag/VJO ml
number

Before
aupplsman-
tation

After supple* 
mentation

value

18 54*8 75*6 12.12**

18 49*3 70.3 13.02**

18 54*3 74.7 9.585**

**signif ifiant at 1 per cent level
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Adult MMnie mw recorded *  moan a arum iron valua 

of 34,tyuo/ioo ml before supplementation thich roan to 

75,6 yug/100 ml altar supplementation* For adult anaemic 

woman the valoa increased from 49,3yug/100 ml to 70,3^ug/ 

lOo ml, and for adolesoant anaemic beys the value Increased 

from 54*3yap/100 ml to 74,7yng/10O ml, statiatioal 

anal/ala of the data revealed a significance at 1 par cent 

Ive l# between a ll  the groups# before and After supplementation*

This confirms the beneficial effects of iron 

supplementation for a ll the groups with roppect to their 

serum iron levels*
>

the rise in serum iron levels ia given in Appendix 13,

s

Table XV presents the mean haemoglobin levels 

before and after supplementation with iron t a Lists*

N
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TABLE XV

MSMI HAVtOOLOBZM LEVELS BEFORE AMD AFTER SUPFLEMSMTATZON

WITH IRON TABLETS

Kean Haemoglobin 
level In g/100 ml

croons * Number *t* value
before eupp- After supp­
lementation lamentation

Anaemic la 9*7 13*2 11.6**

sauberllch (1976) 12*0

Hasm

Anaemic 19 9*3 11*9 20.31**

sauberlidh (1976) 10*0

Anaemic 39 10.0 13*4 7*79**

sauberlich (1976) 12*0

•*&iyni£icant at ona par cant level

ao Is evident In table XV the mean haemoglobin levels 

had increased for anaemic men from 9*7 g/100 ml to 13*2 g/

100 ml for anaemic women from 6*8 g/100 ml to 11*9 g/100 ml 

and fo r anaemic adolescents beys from 10 g/ioo ml t l  

13*4 g/lOO ml* statistical analysis revealed that tt* 

increase wee statistically significant at 1 per cent level 

for a ll  the groups* This brings out the beneficial effects of
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nippl<n«flt«Uon of iron to th« anamic man# uonon and 

adoleacont Ixya with thair haaraoglobin lavala, Tha a m  

i «  «wn evidently in iigura B.

similar increase# in haemoglobin aftar eupplaraentaticn 

with iron haa boon reported by fiastn (1979) who

found that aftar *0 daya of aupplementation tha 

haaraoglobin value • inoraaaad algnif icantly.

fha riaa in hawtoglobin lavola in tha anaamlca la  

given in tha Appendix 14*

Table kvi brings forth tha moon difference* in tha 

pulaa rata fcafora and aftar activity # bafora and eftor 

aipplaMn tatl on*
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TABLE XV2

mean m n s&  rats o r  voumrsiRS

Pulse Rat«

Before After
croupe Number upM oM nuties supplement at ion

Before After Before After
Activity activity activity activity

>ieq
Anaemic 18 81 119 78 111

s m .

Anaemic 19 82 120 80 118

Anaemic 38 78 124 73 122

it  is natural that the pulse rate increases after any 

physical work* i t  was interesting to note in the present 

study that in a l l  the groups studied# the rate of increase 

in puse rate after eupplementatlon was lower after performing 

the earns activity as compared to the rete of increase in the 

pulee rate before supplementation, This probably lndioatee 

that the body exerts lees when normal haemoglobin and serum 

iron levels are achieved, for performing an aotvity and has 

to exert more to perform the same activity i f  ansmaic*



Iron supplementation may be benefleal in maintaining th« 

pulse rate normal*

n

The isdiviautl pulse rate after iron s upplementat ion 

is  given in the Appendix IS*

Table XVII highlights the blood pressure levels 

before and after activity* before and after supplementation* .

TABLE XVII

MJEAM BLOOD PRSSSURK BEFORE AND AFTER SUPPLEMENTATION

Blood Preeaure

Groups Nimbor Before
euppljnentaton

After
supplementation

Before
activity

After
activity

Before
activity

After
activity

m .
Anaemic IS 120/81 133/88 120/02 130/88

Anaemic 19 118/79 133/84 119/77 127/04

Anaemic 30 118/80 134/81 121/81 131/81

There may be a mild change in blood pressure after 

activity* in the present study the change in blood pressure 

ess cooperatively lees after supplementation than before 

supplementation for a ll groups studied*

»
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The individual blood pressure after aapplanontatlon 

is given in th« Appendix 16*

Table AVI 11 brings out the impact of supplementation 

on the energy expenditure of the volunteers*

TABUS XVIIZ

IMPACT OP StfPPLSM&ITATZON OF THE EN1RGY 
EXPENDIT0R8

Mean energy enpen* 
diture 

Kcal/mt.
Activity Number *t* value

before After
supplement supplemen** 
tatlon tatton

Profile milling 6 4 *m 3*928 4*39**
Rough snapping 6 3* 381 3*084 3*00*
Heto * lapping 6 3*934 3*239 3*76**

m m to u e a m
slot milling 9 4*140 3*924 5*133**
Lapping 10 3*604 3*200 8*92**

feasi.. 38 4*129 3*701 8*704**

** significant at i per cent level* significant at 9 per cent level
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The mean onergy expenditure In K«cal/alnute was 

lees for a ll the groups studied for the various 

activities whan compered with the before eupplane; tation 

values* And the differences between the inform 

supplementation values and after supplementation values 

were sign if leant at 1 par cant level for a ll tho group# 

and for a ll activities with tho taea>iioi) of rough 

lapping where tho significance wan at $ par cant* Thaaa 

result a Indicate that the iron supplementation may be 

helpful in conserving energy and postponing exhaustion*

Individual energy expenditure after supplementation 

ia given In the Appendix 17. .
r-

Table xxx tabulate# the Impact of supplementation on 

the physical work capacity and energy expenditure on an 

ergofflster*
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The anaemic adult mao and adolescent boys got 

exhausted In an ergometor in 39 and 101 seconds 

respectively before icon supplementation and the same 

man and boys after iron supplementation and improved 

haemoglobin levels got exhausted In the same ergoneter 

applying the same realatance of 275 watts only after 122 

and 140 seconds respectively*

The anaemic adult wasen got exhausted In an 

ergomster In 63 seconds before iron supplementation and 

the same women after iron supplementation and improved 

haemoglobin levels got exhausted in the same ergometer# 

applying the aame realstance of 63*75 watts only after 

82 seconds.

This ability  to perform en actvity under resistance 

for an Increased amount of time in a ll  the groups may be 

attributed to iron supplementation. Gopalan (1973) endorses 

this view by reporting that work output depends on physical 

efficiency and anaemia profoundly affects the work 

performance.

The energy expenditure while working on the ergoneter 

was also recorded and the results revealed that in a ll the 

groups studied the energy expended was more before iron 

supplementation and the same reduced after supplementation*

Tor adult men it  was reduced from 3*188 Kcal/mt to 4*736# 

for adult women from3*134 to 4.731 :*cal/h*t and for adolescent 

boys from 5.os7 to 4*393 xcal/fot respectively*
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statlotical analysis revealed that the onecgy 

sspsndsO before and after supplementation in adolescent 

boys and in woman was significant at 1 per cent level while
i)

in the man it  was significant at S per cent level*

it  is evident iron the foregoing analysis that to 

perform the cans activity for the same amount of time the 

anergy value can be reduced i f  the haemoglobin levels could 

be Improved* »

The energy expended the time required for exhaustion 

on an orgometer la given in the Appendix 18*

Table xx brings forth the impact of iron supplements*
0

tion on the war* output by the different groups of 
Volunteers studied*

■ ■  i

■j-
, J v ' :

Vm?(I .
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TABLE XX

IMPACT OP IRON MiPPLmWTXnQN CM WORK OUTPUT

Mean work output 
la  tarns of 

pieces
Activity Number • • • * • • • « « . • *  *t* value

Before After
supplamen- supplement 
tation tation

Profile milling 6 276 350 4.40**

Rough lapping 6 165 237 4.75**

Match lapping 

Anaemic woman

6 104 141 4.66**

slot milling 9 1100 1208 2.699*

Lapping 10 21 31 4.52**

Preparing a furrow 38 34 60 16.18**

•significant at 5 par cent level 
•♦signIfleant at 1 par cant level

flea who wara anaemic at the start of the study and 

subsequently became non^anaenic because of iron supplementatlcn  ̂

turned out 390 places In profile milling in  an eight hour 

shift against only 278 pieces turned out before supplementation. 

For rough lapping i t  was 237 pieces after supplementation 

against 165 pieces before supplementation, and for match
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lapping i t  « m  141 pieces altar supplementation against 

104 pieces before supplementation*

82

wojfan Wio wars anosmia at ths start of the study 

and subsequently became nosenastio because of iron 

supplementation turned out 1,208 pieces against 1,100 

in slot milling and 31 pieces against 21 pieces in  

lapping after supplementation*

Adolescent boys cere anasmlc at the start of the 

etu& but subsequently became non-anaemic because of the 

iron supplementation prepared a ridge of 60 feet against 

34 feet before supplementation* statistical analysis 

deplete a 1 par cent significance between before and ' 

after suppleoentation, among the different groups except 

for slot milling where it  was significant at 3 per cent 

leal* Figure C shows the increase in wort output 

dt egramatlcai ly •

This view that iron supplemental!on increases the 

wort output is  endorsed by Edgarton £& a l.

These results bring hema the feet that iron 

eupplemo tatlon is definitely beneficial in iaproring the 

work output of adultraen, women se well se sdoleeoent boys*

Ttm Individual increase in work output on iron 

supplementation is  given in the Appendix* <9



V* SUMMARY AND CONCLUSION



V, SUMMARf AND CONCUJSIW

The study on 0Anosmia and work output * was 

carried out with the objective of finding the relationship 

between ana on la and node output and the impact of icon 

supplementation on selected anaemic man# woman and 

adolescent volunteer*. Non*ana«nic volunteer a wav* 

available and studied fo r men and adolescent bar*.

The anaemic volunteer* were studied with 

reference to their dietary intake# haemoglobin and 

serum iron levels# work output In term* of number of 

place* turned out# pulse and blood pressure rstee# energy 

expenditure and physical work capacity on an argometer.

The values achieved by the anaomica were compered with 

the nooHmaonks*

d&dh of the anaemic volunteers were fed 60 mg of
u

elemental iron every day for 120 days. After this period 

of supplementation the volunteers were studied again for 

th* various factors mentioned above# and compared with 

before supplementation values. The results of the studp 

indicated the following facts*

U  The mean food intake of the non-onaenics was 

. better than the anaemic volunteers# apedaly

with reference to iron rich foods. However 

in general the Intake of a ll  the foods and 

nutrients were below recommended allowances 

far both the groups*
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2* The mean serum iron and haemoglobin levels 

increased after supplementation for a ll the 

anaemic groups and had recorded normal values*

1* The extent of increase in pulse rate and 

blood pressure vers relatively less after 

supplementation w ile  performing the asms 

kind of activities# indicating probably a 

batter cardiac and pulmonary efficiency*

4* Iron auppleraantatio&‘Conserves energy end

haemoglobin levels seem to have an inverse 

relationship with the energy impended*
* .

5* The sock output wee increased after

supplementation suggesting that iron deficiency 

anaemia decreases the productivity and 

supplementation with iron improves work 

output* This wan clearly seen in regard to 

their different activities*

4* The physical work capacity on an etgoaster
improved significantly after supplementation*

j

These results lead us to the conclusion tha^Ur.on 

supplementation is definitely beneficial to working 

population groups and their work output can be remark ably 

increased by suitable supplementation*
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APPXNGCX -  1

jastxMATioM or ia.jtm imm *» piztRimt, mem op

gfijflg.Sg.tfil

Ferrous iron g lv «« • pink color with 242 

tilpyrld^l* A solution of dipyrldyl in acetic acid la 

added to aortao followed toy a reducing agent* Protein are 

removed by heating in boiling water and then centrifuging*

M m
1* 2#2 dipyrldyl *  0*1 percent acetic add  3 percent v/v

2* tiodium sulphate 0*1 a 

3* Chloroform

4* standard aolutlon containing 200 mlcrograma of lron/nl 

3* working standard -  dilute 3 ml of the atook aolutlon to 

100 ml with water to obtain a aolutlon containing 3 mg/ral*

r .m m m

Mix equal volumes of serum* 0*1 m sodium sulphate# 

and dipyrldyl reagent In a glass stlppered tube which can 

be centrifuged. Meat In boiling water for five minutes*

Cod and add 0*1 ml of chloroform# stepper and Shake 

vlgoursiy for five minutes at 300 r*p*m* I f  the aupernatent 

is not completely clear# repeat the shaking and centrifuging* 

Read at 320 m !t standard in the a am* way*



-  •{ 1 =  ^ ^ - 4*1 l/1-*1'

<?ig<siAftUaa
Micrograms iron per 100ml of the serum

„ x 300
RoadltiQe of standard

Th« readings ar« linear with concentration to at 

laaat 300 per 100ml* To obtain acalUnration curve# dilute 

S a l of the stock standard to 100 ml with water and aet up 

tubes containing 0*4# 0*8# 1*2# 1*6 and 2*0 ml of this# make 

eadh to 2 ml with water and develop the color as described 

above and read against the blank. Theee correapond to i00# 

200# 300# 400 and 100 ug per 100ml* „

’ r ■-

-*/1 
- 'i 'r



APPENDIX -  2

■U>Ti.MATIOM OF MAEMOOLOSIW-g* CtA?<M̂ »̂8»>Qg^>sIN

The haemoglobin la treated with aicoagant 

containing potassium earricyanids# potassium dihydrogen 

phosphate* the ferricyanide Coma mathaaraoglobin ’ihloh 

la converted to cyanmetheemoglobin by the cyanide#

asAsjasa

1* prapitin* a diluent solution
sodium bicarbonate l  g

> potassium cyanide 0*05 g

■ potassium ferricyanlde 0*2 g

D istilled water 1 litre

This solution is  preserved in a dark bottle

and preferably under cold storage* Its preparation and 

handling should be done with greet care* Thie solution 

should not be used after It forme a precipitate at the 

bottom of the storage bottle*

1* exactly 5 ml of the drabkln'a diluent solution la 

maaaured in to a dry teattube from a burette (or) a 

pipette with auction bulb*
2* exactly 0*02 ml of blood is transferred fro * a standard

haemoglobin pipette into a diluent solution*

Usual oare In fillin g  and cleaning of loaded haemoglobin 
pipette must be observed*



3* Ths pipette la rinsed three times with the diluent 

solution without allowing the formation of air bubbles 

in the solution*

4* The blood and the diluent are thoroughly mixed by 

rotating the tube*
5* Ten minutes time is allowed for the formation of 

cyanraethasmoglobln*

6* 5 ml of diluent solution is  used as blank*

7* The readings are taken in photoelectric colorimeter 

at 540 r̂ q*

uihUJ^
1* Total blood iron is  determined by W>ng*s methodA would 

give absolute amount of haemoglobin*

2* Exactly 0*02 ml of this known blood sample is measured 

into 50* 7*5* 10*0* 12,5 and 15*0 ml of diluent solution*

These are now equivalent to blood samples containing 

respectively 100* 67* $0*40 and 30 percent of the original 

haemoglobin concentration

3* The Intensity of the color is read using s green fitte r

at 540 mty against a blank set at zero optical density*



Determination of Iron and Haemoglobin -  wong*s Method

Pjilas ĵalSLi
4 15The Iron detached from the haemoglobin molecubes.

by treatment with concentrated sulphuric acid in the
1

presence of potassium per-sulfate without heating. After 

removal of the proteins by tungstic acid, the iron in the 

£iltnate is determined coloriraatrically• From the total 

iron content, the haemoglobin content is  readilly obtained
j

since the haemoglobin content is 0.34 percent of iron and 

only 1 to 2 percent or less of the total blood iron is 

nonhaemoglobin Iron.

1. 10% sodium tungstate
2* Saturated potassium persulphate solution

3. Potassium cyanide

4. standard iron solution

5. working standard.

Procedure.!
with an ostwald (or) micropipette, accurately 

transfer O.lral of well mixed oxalate whole blood Into a 

30 ml volumetric flask . Add 2 ml of saturated potassium 

persulphate solution. Mix and dilute to about 25 ml with 

water. Add 2 ml of 10 percent sodium tungstate solution.



Mix and cool to room temperature under the tap, and dilute to 

voluae with water* stopper and mix by inversion, filte r  

through a dry, paper, collecting the filtra te  in a dry 

flask* Prepare a standard in a second 50 ml volumetric 

flask by addition of 2 ml of concentrated sulphuric acid,

2 ml of saturated potassium per sulphate and 2*5 ml of 

standard iron solution containing 0,1 mg of ferric  iron 

per ml* Cool to room temperature, dilute with water to the 

mark and mix* Prepare a blank similar to the standard but 
omitting the standard iron solution*

blank i f ,  nacessary into separate test-tubes* To each 

add 0*5 ml of saturated persulphate solution followed by 

2 ml of 3 N potassium thlocyanids solution* Mix by inversion 

and read within the next thirty minutes, setting the colorimeter 

to zero density with the blank at 480 mu.

Measure 20 ml of unknown fliterate , standard and

Density of unknown
x

Density of standard

Grams of haemoglobin per 100 ml of blood
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a p p s id z x  •  s

i n p i y i p j a i , h e ig h t s  w p  n b ig h ts  ow m u p

aiumrIc group i Non Anaemic group -

N u m b e r
Age til 
yoara

Height weight 
in cm in kg

Age 1ft Height
Rusher .years in cm

Height 
in kg

1 24 169 49 1 25 165 SO

2 23 170 45 2 24 161 49

3 24 162 46 3 25 165 45

4 23 163 52 4 24 165 46

5 25 165 50

6 24 168 44

7 24 164 30

a 25 167 < 46

• 25 165 49

10 25 166 51

n 25 168 30

12 24 166 48

13 25 166 49

14 24 156 47

IS 25 165 50

16 . 25 160 47

17 25 169 48

18 24 172 53



1
2

3

4

5
6

7

8

9

10

11

12

13

14

15

16

17

INPIVIPUAL HEIGHTS AND WEIGHTS OF FEMALES

Aaaemic group

Age in Height in Weight in
y ears on _____Hg.

21 150 40

21 163 43

21 155 41

22 152 42

20 155 44

21 163 46

21 158 40

21 157 45

21 156 47

21 153 47

20 156 48

22 155 45

22 154 46

22 157 41

21 160 43

20 159 43

21 158 46

20 162 45

21 163 44



Individual Haight, and Weights c£ the Adolescent Boys
I . '

Anaemic group Hon-*Anaemic group

Number Age in 
years

Height 
in cm

Weight 
in leg Number Age in 

years
Height 
in cm

weight 
in kg

1 17 164 43 1 17 164 49

2 17 163 45 2 17 165 50

3 17 160 47 3 17 167 46

4 17 163 42
!

4 18 169 48

5 17 161 44 5 18 167 46

6 17 164 45 6 18 165 49

7 17 167 49 7 17 165 49

8 i lt 166 50 8 17 168 52

9 18 171 53 9 17 164 46

io 18 164 51 10 17 165 45

11 18 166 46 11 18 166 46

12 18 161 47 12 18 166 48

13 18 165 49 13 18 167 49

14 18 169 43 14 18 165. 48

15 18 162 42 15 18 165 46

16
1

18 165 43 16 18 165 48

17 18 166 48

18 17 169 52

19 17 163 46



Anaemic group

Number Age in 
. years Height 

in cm

3e»t-.:̂ *iw*ic gxaap

Weight 
in kg

20 17 170 43

21 17 16S 47

22 17 164 48 '

23 17 170 55

24 17 164 47

25 17 168 52

26 18 167 43

27 18 164 44

28 18 169 49

29 18 165 50

30 18 168 46

31 18 165 45

32 18 162 44

33 18 167 45

34 18 171 53

35 18 169 52

36 18 165 45

37 18 168 51

38 18 164 45



APPENDIX -  4

INDIVIDUAL S&RSfM IRON VALUES OF THE MALES AT THE START
OF THE STUD*.

Anaemic group ft an»Anaemic group

Mianbeur s « r «  ironyug/iooml Number Serum ironyug/lOOmi

1 SO 1 98
2 54 2 65

3 58 3 70
4 58 4 72
S 50

6 45

7 54

8 54

9 31 -

10 60

11 62

12 4$

13 36

14 39

13 37

16 59

17 54

18 59



INDIVIDUAL SSftUM IRON VALUES OT THE REMALES AT 
THE START Of WS STOUT

AitMnic group

Number serum iron y

1 49

2 44

2 43

4 SO

5 S4

6 52

7 45

8 49

9 44

10 54

11 45

12 49

13 50

14 44

15 54

14 51

17 40

18 52

18 49



INDIVIDUAL SSRUH IRON VALUES OF THg ADOLSSCSNT BOVS AT

THg START QT THE STUEV

Aftaonie g r o # Non Adaiale group

Humber Serum iron  ytaQf/l00ml him&ar serum iron  
yug/lOOal

I ss 1 65

2 50 2 61

3 S3 3 62

4 52 4 70

5 58 5 75

4 48 6 44

7 49 7 62

8 SO 8 65
9 S3 9 70

10 57 10 88

u S3 11 70

12 54 12 63

13 55 70

14 SI 14 71

IS 56 IS 75

14 52 14 82

17 58

18 51

18 34

20 91



Anaemic group

Nunber 34TIIB icon ̂

21 40

22 S3

23 S3

24 30

23 S7

26 $0
27 $7

20 52

20 S3

30 60

31 61

32 63

33 60

34 32

33 57

36 56

37 62

38 SO

ijaa/lQO ml



APPBW&IX 7

IMDIVIUOAL HAEMGCbOSXH VAWJSB Of THE MAl*SS AT WE 
START C* THE STWtflf

Sitaemio <?roup Mon Anaemic group

Number Haemoglobin 
g/lOQml

Number Haemoglobin 
9/I00 ml

l 8*2 1 13.0
2 9*4 2 13.5
2 10.0 3 13.1
4 10.1 4 13.9
S 9*0
e 9.5
7 9*8
8 9*4
f 10*1

io 9*5
u 9*8
ia 10*9
13 9*4
14 9*8
IS 9.8
14 10*4
It 9*1
18 9.3



I # 1* .

tm m wsm  nhmmmm valuss or ths wtawm at

TH* STARS’ or TH* 3TUD*

»m b»r M*»»o0lobln a/ioo Ml

1 «»0
v  .

* .  ' \ «.®
- ^ ' V '

"  r  IT ,  * . >

■;
v. '..

• 3 a#?
4 a* a

• J,'X . • '
^ - ' IVT-O j u  1

S 9.1
-  - - c  . - ' y s ^ 4 9.1

£ ' "  7  ■ 1_W

' •

7 8.7
1

8 9.3
' ■ ': 9 8.1

. -  -Jr-; - : ' 1•• 10 9.0
a 3 . _ _  ' 

-  >.

.

•i u 3.3
- 7 ;7 v
. n v J  ' [■ 13 8.9

k . .

= .-J 1

' ” . : 13 9.0
v ,

< - - x  •• -. f
> 14 9.3

•' v .  .  •'•lit
-r̂ 13 9.1

' 16 8.9
ff* ■ ■ ■ ( . tr» 9.0

.18 9.1
i® 8.4



INDIVIDUAL HAEMOGLOBIN VALUES O f THE ADOL8SC2HT

BOfS XT W E  START Of THE STUB*

Anaemic g ro u p non Anaemia group

MERbor HMnogloteia
g/XOQm l

Munbe* Haemoglobin 
g/300 nl

1 10.3 1 12.9

2 9.4 2 12*0

2 10*3 3 12.5

4 9*1 4 13.0

5 10*4 9 13.5

4 9.3 6 12.7

7 9.7 7 12.1

9 9.9 0 12.0

t 10.1 9 13.1

10 11.0 10 13.9

11 10.5 11 12.0

12 9.8 12 12.7

13 10.9 13 13.0

14 9.4 14 12.4

13 10.0 IS 12.5

14 9.9 10 13.9

17 10.7 ■

19 9 .6

It 10.3

20 10.1



V
.4



Anaemic group

Mtaabcr Haomoglobia e/iooml

31 9*6

22 9*7

22 9*1

24 9,8

25 9*2

24 9,7

27 19*5

29 10 '°

29 9*9

JO 11*6
31 10*5

32 11.0
33 10*4

34 9*9

35 9,6

36 9*4
37 10*5

3& 9*1



APPENFZX 8
INDIVIDUAL PULSS RATg IN MALSS AT THg START 

OF THS STUB*

Number Profile milling

Sefoc* activity After activity

1 84 UN

2 82 U?

3 74 n?

4 78 u s

5 84 120
8 82 118



XHBXVXGML PUU»S RATE ZN MALES PSRF0RM1R9 HATCH 

LAPFIHO AT tHS START 4* «H * STOTT

Anaaadc Host Arwusale

Hitabar Ba£ora
activity

Attar
OCfcivitf Ntsaber ftaf ora 

activity
Attar
activity

1 82 US 1 73 112

2 83 US 2 74 110

3 7» 113

4 82 114

S 60 114

4
•

73 113

INDIVIDUAL POUHfi HATS IN WALES PSftfOftttXMO BOUm EAPfZHO
AT TH8 START or ihk sTuwr

AttMOie Hon Anaooic

n tabor Stfcc*
activity activity Ntsobar iaaiara

activity
Aftar

activity

1 83 US 1 74 109

2 83 113 2 74 110

3 81 113

4 7® 111

5 83 US

4 83 . US



ZBDXVZVOAL P9LSS RATS Û TSMAMSS AT Off* START OF THE
mmxr

Number slot mil ling Nisabur Lepplmg

Before 
activi ty

After
activity

Before
activity

After
activity

1 BS 12? 1 30 113

a 82 12? a 83 112

a 83 128 3 81 112

4 82 124 4 80 l i t

S 81 128 3 81 108

4 83 ias 4 80 112

7 83 127 7 80 112

8 81 128 8 80 113

• 85 130 9 78 109

10 83 US



xn&ivjiajal rat& m w ob<s& csgn aora m  th*
3TA K T car T H 8  6Tltt>5f

ao hb I o iioa Anemic

H lu m V n ir ramber a c tiv ity
A fter

a c tiv ity
A fter

a c tiv ity

l 74 122 1 75 122

2 80 1S6 2 72 123

3 76 123 3 76 123

4 80 126 4 76 123

5 74 124 5 73 11*

to 79 123 6 74 122

7 73 124 7 79 126

8 76 127 8 76I 122

9 76 123 9 75 118

10 74 122 10 70 119

u 74 123 11 76 122

12 77 127 12 76 122

13 72 123 13 75 121

14 77 128 14 77 119

15 73 123 15 77 123

1* 76 127 16 77 119

n 73 124



Anaen&e

Number Before
activity

After
activity

16 72 122
19 74 123
20 76 126
21 77 197

22 77 124

22 00 126

24 77 1?2
23 79 125

26 77 133

27 74 123

28 76 122
29 76 123

30 70 121
31 72 123

32 74 122
32 74 122
34 76 123

32 78 122
36 79 125

37 74 123

38 80 126



APP8NJ5IX 9

iRCZVXDQMi &UOGD PR8SS9RS IK MRI»BS PE.Rf5&RHItB PROF XliS 
HILLING KS THE START OP EHE STUCfif

Mmtmm Aftar
Kunbar activity activity

1 110/8P 130/04

3 120/02 133/90

3 120/93 140/90

4 130/90 130/94u
3 113/25 130/93

t 130/90 134/93

%
'i '



INDIVIDUAL BLOCS) PRESSURE IN MALES PERFORMING
HATCH LAPPING AT TO! START car tob stout

Anaemic Non Anaemic*

Number activity
After

activity Number Before
activity

After
activity

1 120/35 132/30 1 115/75 130/80

3 133/74 134/82 2 120/80 128/80

3 130/30 134/80

4 134/84 134/82

S 122/78 135/82

4 130/80 135/80

INDIVIDUAL BLOOD PRESSURE IN MALES PERFORMING
i/jovm LAPPING AT TH1 START Of* iff! oTunr

Anaemic Non Anaemic

—
M o re

activity
Alter

activity Number Baforo
activity

After
activity

i 115/75 132/34 1 120/80 132/82

a 134/80 135/83 2 125/78 130/80

3 124/80 135/85

4 120/80 135/83

3 115/75 130/84

6 118/80 130/83



XN&IVXDUAL BLOOD PRSSStfJUS XM FSHA18S AT 1KB 
START OF TUB STUD*

Numb** slot milling Number Lacminc

M o re  ACM  
Activity activity

Bafara
activity

After
activity

1 120/90 128/82 1 115/75 134/82

IU
110/70 . 124/80 2 114/82 138/84

115/73 120/84 3 122/90 134/82

4 120/70 138/90 4 120/80 138/82

3 112/98 134/83 S 120/78 138/90

4 120/80 128/32 4 125/75 136/85

7 108/75 128/84 7 120/80 138/84

120/80 128/82 8 128/84 134/82
■ * '  *. 113/75 128/84 9 124/82 132/92

10 120/80 125/83



'  ■ “ T i 4 ^  r

im d iv ie o a j l  i m d  n m s a n  a, TO«  m w m s c s w  b o y s  

AT TH* START Or TH* STOW

10

u
13

13

14

13

14

17

ia

14

30

AiHknic groyp

ACfc«r
Activity Activity

Mon A n ««ie  orouo 
• • • * ► « * • « * * *

timber **WK€tP9
Activity

Aft«r
Activity

110/90 130/86 1
US/90 136/80 2
110/79 132/90 3
120/30 130/30 4
130/70 130/36 9
120/90 138/190 6
110/70 130/90 7
110/79 132/93 8
119/79 139/82 4
130/99 140/90 10
129/99 136/93 11
130/30 139/36 13
113/79 140/82 13
119/70 133/82 14
110/93 130/92 IS
120/30 139/96 16
110/90 138/02
130/90 133/92
114/79 136/30
132/30 135/86

119/79 138/90
120/90 130/80
119/40 138/40
139/49 130/90
120/80 128/99
132/93 130/80
124/44 128/80
120/43 128/94
119/70 130/90
138/70 133/92
123/79 130/80
1X9/70 130/83
119/78 130/94
120/40 128/86
130/80 138/96
130/79 133/92



aiumuIo group

Number Before
activity

After
activity

a 120/00 132/80
2* 128/84 132/84

23 124/78 132/84
24 120/90 135/84
25 115/75 134/80
24 110/80 134/80
27 123/75 138/84
28 115/80 135/84
29 120/50 135/84
20 122/80 144/80
a 120/90 134/80
32 120/80 140/80
32 124/90 138/84
34 124/82 135/84
a 125/75 130/34
34 115/75 132/34
37 / 120/90 132/K>
38 115/75 130/84



APPatDXX 1 0

SMsaw BtPcnwa at maus ivsam  p» om w  miiximo at ma
START OT STUDY

AfUMMie group

Nittbor Snargy expaiiasd in

l 4.372
2 4.189
3 3.672
41 4.086
s 4.365
4 4.297

ENsRCY SXRSNDSD BT MALES DUR1M0 WATCH LAPPZJtG AT TH*
START o r TH« STUDY

Anacmie g r o ^ )

Nurabar ft n a r g y  oxpondvo in , SM hm sqf expanded
W llo aa lo rt«/ a it Humbar * . .

1 3.479
2 4.337 2 3.194
2 3.637
4 4.172
S 3.844
6 3.698



SHSRCnr EXPENDED BY MALBS DURING ROUGH LAPPING AT THE

START GT THE STUDY

Anaemic group Non Anaeraic group

Number Energy expended in
*&XacalQ?iVto Ntnber Energy expended in 

x U o u lo rii/ »t

i 4*094 1 3*145

2 3*840 2 2*051
3 3*001

4 3*552

S 4*147

6 4*035

ENERGY SAP ENDED DY f^RALSe IN L̂OT BILLING AT THE START
OP THE STUDY

Anaemic group

Ni*al>*r Energy expended in KilooalorlaAit

1 4*175

t 4*145

3 4*190

4 4*145

S 3*054

4 4*182
7 4*144
8 3*075

5 4*474



SMifiRCy BXFSXDm m  fshalss CORING LAPPING AT ths start
OF THE STGDT

Am nia QtfXip

Ntanbor €*p^nd®d In
Klloealaria/itt

1 3*563
2 ■ 3*324
2 - 3*633
4 3*334
9 3*471
4 3.499
7 3*623

■• • 3 3*373
f 3*429
lo 3*864



sRsncnr cxpehdsd zr prspamiic a furroh snr adolescent bcys

AT THE START OF THt5 STUE*

AAMOkle group Non Anaonict, group

Evtorgy wqxmCoC
in  K ilo c a lo rie Number Sooruy q:.per. dud 

in KjUoealorie
/at /tat

1 4*047 1 3*872

2 4*289 2 3*885

3 4*172 3 3*857

4 4*004 4 3*754

5 4*081 S 3*476

6 4*349 4 3*888

7 4*267 7 3*814

8 4*392 8 3*809

8 3*934 9 ’ 3*842

10 3*743 10 3*697

11 4*075 11 3*744

12 4*132 12 3*856

13 3*987 13 3*729

14 4*248 14 3*841

IS 3*967 IS 3*875

14 4*125 14 3*442

17 4*051

18 4*244

19 3*996



Anaemic group it
i

Number » w  * 1 8 8 8 * 2 K llo e**

20 4*425 i

a i 4*271

22 4*121
i'!

23 4*341

24 4*072

25 4*262
1
1[

24 4*125 I *i'
22 4*071 t •

!129 3*954

29 3*955 r
30 3*772

i
1

31 3*948 1

32 4*041
i

33 4*197 i:

34 4*101 l
35 4*099 /

36 4*194
\

39 4*225

34 4*314



APPENDIX IX I

WORK OUTPUT IN TERMS 07 THg NUMBER OF PI0CE3 HXLLSD 
(PROFILB MILLING) « AT W I START Of THI STUDY

Antonie gcoiip

Mentone Pious output

1 238

2 243

3 270

4 310

f 306
4 230

WORK OUTPUT IN T&mS OF THE NUMBS* 07 PIECES LAPPED̂  MATCH 
LAPSING)AT TKS START 07 THS STUDY

Antonie group Hon Ansomlc group

Numbee' Pises output Mfubsr pisos output

1 104 1 132

2 80 2 124

3 116

4 94

3 116

4 117



WOftt OUTPUT IN  T8RN9 OP TUB SUMflBR CP P1SC3S IAPPBD  

{ROUSH ZAPPING) XT T H I START OP f t f *  GTUCT

AflMMlo group Mon Anaemia group
Nunbur Pi«CNB OUtpUt MUnJtM

1 152 1 215
3 174 2 228
3 142
4 209
S 143
4 196

--

MONK OUTPUT IN TERMS op number op pxaess m um  (slot
NZiaJUiO) AX' TUB START op thb stud*

Anaemic group

Number
(D PlOCO output

1 850
2 1197
3 1000
4 1042
5 1200
6 1229
7

J 1170
8 1040
# 1082



WORK OUTPUT HI TERMS OP THE NUMBER OP PIECES LAPPCO 
AT TH1 START OP THE STUD*

Anaemic group

Number Pieee output

I 22

2 IS

3 u

4 25

5 27

6 24

7 21

8 22

8 21

10 14



WORK OUTPUT INTSRMS OP LENGTH COVERED ZM PPffMHW
furrow s b y  adqlebcsrt b o y s

at THI START OF THE STUDY*

* * m i c  g r o u p  Ron A im m U a  iroup

» m b « r I*•noth cov«r«c 
in £«K»t Mttt&HT **n0«t> m n d

1 30 4 92
2 30 2 S3
9 34 3 SO
4 29 4 ss
S 34 S 40
4 29 4 S3
7 32 7 49
0 33 8 94
9 34 9 94

to 42 40 44
U 38 44 92
U - .. 3* 42 S3
93 40 • - 93 99
44 32 94 94
IS 40 49 90
44 34 44 44
99 40
18 32
49 38



✓

Anaaolo group

Number Length covorod in foot.

20 35

21 33

23 34

23 28

24 33

25 30

24 32

at 38

28 34

28 33

30 45

31 38

32 42

33 38

34 34

35 32

36 30

32 33

38 28



APFBHDIX 12

INDIVIDUAL PULSE RATS DURING SRGONgTIOf AT THS START
OS' TOR STUD*

*alo* rmnaiee

Number Before
activity

After
activity Number Before

activity
After

activity

1 79 132 1 79 148
2 77 149 2 79 149
3 73 138 3 01 134
4 73 142 4 79 ISO
3 ao 133 3 73 143
6 78 130 4 78 147

7 79 ISO

8 77 146

9 81 154



TITlff TBTTHi P U LS * BATS BORING SRGGHSTKY AT THg STAR? Of THE
stout xn Aimssciarr boys

Aftaeale Son Anaemic

Mtsaber Before
A c tiv ity

After
Activity fflaber Before

activity
After

activity

1 T4 140 1 77 142

2 79 152 2 75 143

3 75 142 3 78 145

4 T9 154 4 76 140

S 7S 143 5 74 135

4 79 152 6 75 144

7 77 148 7 79 148

a 76 145 8 77 143

a 7S 143 9 75 138

10 72 135 io 73 132

u 74 140 u 75 142

12 75 147 12 75 143

13 7S 137 13 76 140

14 77 144 14 75 142

IS 73 136 IS 78 145

14 77 146 16 72 130

IT 73 138

18 77 148

19 74 140

-

u ,>



20

21

22
23

24

23

26

22
26

29

30

31

32

33

34

33

36

37

Anaaraio v .

Saiore activity After activity

75 142

77 147

77 147

74 140

76 140

73 130

73 133

72 130

73 133

73 134

71 127

71 133

71 126

72 130

73 133

73 134

73 136

73 134

76 144



TXMI REQUIRED FOR EXHAUSTION ON AH SRGCKi.TSR AT
TOE START or TOE STUDT

N«n ômeft

Number Time la  
seconds Number Time la  

Seconds

X 70 % 90
a 90 a 99
a 190 a 70
4 IQS 4 75
9 60 9 00
« 00 6 79

7 TO

8 90
9 SO



TZHS REQUIRED FOR EXHAUSTION OH AH gROOHETER AT THE START
0 9  THE STUDY IN ADOLESCENT EOTS.

Aflawie ;Jon anaeatles

Mtnber Ttm« in
seconds —

Timm In 
seconds

I 120 1 120
a 70 2 115
a HO 3 IOQ

4 65 4 120
5 115 5 140

4 70 6 115
60 7 105

8 65 8 110
• 100 » 120

lo 140 10 135

U 120 11 119

12 95 12 120
13 135 13 n o
14 90 14 115
IS 130 15 100
16 95 16 155

17 130

18 90

16 120



AKUMsaie*

Mtmber Time In 
•eooMie

20 loo

21 90

22 65

23 60

24 95

25 70

24 95

2* 120
28 100
29 95

30 ISO

31 120

32 140

33 113

34 80

35 95

36 65

37 120
38 60



x m v n w ti*  tisraN ih on  VAU iis attbr BUPPi^wawTATiu* im

Accuescfisrr Bars

H m k*m  6«nift ivoo jm /X Q Q  ml

1 7S

2 74

J 70

4 71

2 m

4 65

1 44

8 73

t 78

10 80

12 71

12 6§

13 74

14 73

IS 78

14 74

17 •1
IS 48

It 73



INDIVIDUAL SERUM IRON VALUES AFTER SUPPLEMENTATION IN
ADOLESCENT SOTS

Number Serum iron jug/lOO ml

1 75

2 74

3 70

4 71

S 80

6 65

7 66
8 73

8 78

10 80

11 71

12 69

13 74

14 72

IS 78

16 76

17 81

18 69

19 73



Number serum iron/tig/100 ml

30

21
22

23

24 

22 
26

22
28

29

30

31

32

33

34 

39

36

37

77 

66 

69 

75 

72 

80

72 

79

73 

63 

84 

84 

89 

88

74

75 

79

78 

6938



1

1

f •
4

v
%

nI 71

APPBIDIX 14

XMDX VISUAL HAEMOGLOBIN VALUB8 AFT SR SUPPLE NSMTMPZGH

M*2« « Foma!**

MlBbar H« “°OloW« 
■ a/10QnX Nunbor HttottogloblAg/lOQMl

1 12*9 1 22*1
2 23.2 2 12*2

2 13*7 ,i_. H.... 2 11*8
4 13*4 ; 4 11*9

S 12*7 S 12*8
4 12*0 6 12*1
7 13*2 7 11*7

9 12*4 8 12*6
t 13*S 9 12*0

lo 12*9 20 12*0

11 13*6 11 11*3

22 . 23*4 12 11*8

23 12*8 13 12*0

24 13*9 14 12.3

IS 13*2 IS 11*2

26 14*0 16 11*9 -

1 7 13*2 17 11*8

26 13*0 18 11*9

19 11*3



INDIVIDUAL HAEMOGLOBIN VALUES ATT SR SUPPLE MENTATION
IN ADOLESCENT BOVS

N umber Haemoglobin g/lOQml

1 * 14.0

2 13*0

3 13.4

4 12*8
9 13.5

• 13*2

7 13.5

8 12.8
9 13*2

10 t 14.0

11 * 13*8

13 12. t

13 6 -r'- 13*4

14 & 12*5

IS ■ - 13*4

16 12.7

17 - 13*9

1? , l4 .o



Nttaber H am ogld r iln  s A ° °  »1

20 13*4

21 12*9

22 13*6

23 13*0

24 13# 9

23 13*2

26 13*9

27 13*9

23 13*2

29 13*7

30 14*4

31 13.8

32 14*1

33 14*0

34 13.6

33 13.7

36 13*2

37 13.7

38 13*0



APPENDIX IS

INDIVIDUAL PULSE RATE IN HALES PERFORMING PROFILE MILLING 

AFTER SUPPLE MENTATION

N u n b a r Before
activity

After
activity

I 79 119
2 7$ 113
3 7$ 111
4 „ 11 77 114 4
S 79 113
s 80 114

INDIVIDUAL PULSE RATS IN MALES AFTER SUPPLEMENT AT ION

Match Lapping Rough Lapping

Number Before
activity

After
activity Musbwr *•*<*• activity

Aftar
activity

1 78 112 1 79 l i l
2 80 114 2 73 107
3 7ft 110 3 77 109
4 ■■ 79 113 4 74 106
3 73 109 3 77 ' lot

ft" 77 111 ft 78 110



IHDXVXIXJAL P0LSS RATS IN FEMALES AFTER SUPPL3M3HTATX0N

S l o t milling Lapping

Number Before
activity

After
activity Number Before

activity
After

activity

X 83 120 1 79 110
\

1103 81 121 2 79

3 82 122 3 80 109
4 82 122 4 79 110
3 79 120 S 78 108
4 82 121 4 77 110
7 82 123 7 79 111
0 79 120 8 73 109
9 79 120 9 79 109

10 78 109



INDIVIDUAL PULSE RATS IN ADOLSKeo. ---
SUPPLEMENT ATION

Nunber Before activity After activity

1 71 119

2 73 123

2 74 120

4 76 123

5 72 120

6 74 122

7 73 121

8 7c 124

9 74 122

10 71 119

IX 72 119

12 76 126

13 72 120

14 77 125

13 72 120

16 76 124

17 73 621

IB 71 119

19 72 120



V'"
•ft  ,■ uV ip

Number 8«fo r« activity Alter activity

20 72 122

31 73 120

23 72 123

23 7ft lift

24 71 lift

23 74 122

26 71 lift

27 72 120

28 74 122

2ft 72 120

20 71 118

31 72 120

32 70 lift

33 71 119

34 73 120

33 72 120

36 74 lift

37 70 lift

38 73 123



APPOtDXX 16

INDIVIDUAL BLOOD PRSStMRB IB MALES AFT SB SU rPLBMSSTPATlON

Number Profile mining

BeCor© M tivlty After activity

1 120/00 130/00
2 113/19 130/92
3 120/00 130/84
4 122/82 130/32
S 124/73 130/00
6 US/BO 128/30



INDIVIDUAL BLOOD PR«s»aw«»

Hatch lapping Rough lapping

Nurabor Before
activity

After
activity

Number Before
activity

After
activity

1 120/90 128/90 1 120/75 130/84

a 120/80 120/82 2 120/73 122/90

3 125/95 130/90 3 115/90 130/80

4 128/90 130/30 4 120/80 130/84

S 122/83 132/82 1 122/74 130/90

4 124/78 130/84 6 113/80 132/33

INDIVIDUAL BLOOD PRESSURE IN̂ gMALSS AFTBR SUPPLEMENTATION

slot milling Lapping

nunbar Before aftar Ntnber Before Aftar
activity activity activity activity

1 114/78 124/84 1
122/84

2 HI 113/73
120/80 124/83 2 120/80 133/80

3 124/78 124/82 3 122/73 132/84
4 113/73 130/84 4 120/70 132/82
S 120/70 120/84 3 120/72 132/83
4 118/80 120/82

0 143/73 125/80
7 128/78 124/80 7 120/73 130/84
8 120/80 110/80 8 110/80 128/84
9 11S/7S 124/82 9 120/80 128/90

10 122/82 130/80
IB If T



XMDXVIDUAJL BLOOD PUESStMIS O ff THE ADOLESCENT 8073 AFTER

S U ? P L B 1 5 N T A T in }|

Number Before activity After activity

X 115/90 132/82

2 120/90 130/40

2 120/00 130/00

4 120/90 130/00

9 122/82 132/00

4 120/80 130/80

* 124/78 130/80

0 120/00 130/90

f 120/30 132/82

XO 122/82 132/82

u 124/74 132/80

12 122/77 132/78

12 120/80 132/78

14 115/70 130/90

1$ 115/00 132/92

14 120/80 130/80

11 122/80 130/82

10 124/84 132/B2

19 122/84 130/80



Hiobor Before a c tiv ity After activity

30 120/50 129/90

21 224/80 130/80

32 120/92 128/82

23 120/30 v 130/80

24 UO/BO 132/82

25 120/30 ■; 130/80

34 118/52 132/80

n U8/90 132/90

28 U8/72 130/80

29 120/02 , r 130/80

30 115/75 134/84

31 115/80 132/84

32 120/90 134/82

33 115/78 132/82

34 120/90 124/84

35 115/95 130/90

34 120/90 130/80

37 120/75 132/52

38 115/80 130/80



APPSBDIX 17

3VBB0T BXPBSBBD IH SILO OALOHlVKIffOTB APTBS 
8EPPLSMRHTATI0R IB HAL33

Busbar Profile iiU ln fi Busbar Hatch lap

1 3.678 1 3.360

8 3.490 0 3.774

3 3.106 , » 3.190

4 3.467 4 3.398

0 3.687 3 8.904

6 3*608 6 3.007

lusber Bough lapping

1 3.370 >

ii 0 £.694

>1
3 3.168 '

4 8.741 ' • , c

6 3.106

6



88SB6Y SXPSHD2) 18 KILO CALORIE / 
MEKSAflO* 18 fSHALES

MIHtttS APfBB SUPPLE*

Kilbtv Slot mixing Hnbtv lapping

1 3.874 1 3.088

£ 3.669 £ 3.406

3 3.698 3 3.174

4 3.678 4 3.069

5 3.856 6 £.690

• 3.436 6 3.479

7 3.674 7 3.094

8 3.178 8 3.168

9 3.583 9 3.168

10 3.466



SJIIHGX SXP3MQSC IH KILO CALORIE IS  ADOLESCENT BCX3
AlfBit SQPFLiOtSNTA TI OK

Nuaber Preparing
furrows

Vtiabsr Preparing
furrows

1 3*668 20 3*701
2 3*842 21 3*714

3 ' 3,894 22 3*692

4 3*TS3 23 3*787

0 3*688 24 3*693

6 3*699 25 3*686

7 3.T8? 26 3*104

a 3*643 27 3*882

9 3*764 28 3*853

10 3*331 29 . 3*669
u 3*66T

t*

30 3*490
12 3*809 31 3*596
13 3*968 32 3*148

14 3*642 33 3*662
13 3*677 34 3*884
16 3*881 35 3*674

IT 3*697 36 3*628
18 3*597 37 3*884
19 3*886 38 3*787

V f



APPSBEU 18

81BHCY 3XPSJTDSP BY MALSS ON AJSdBKGCMSTBii BSPO&8 AKD APISH
30PPLS1I1WTATI0H

laarm voi intt«MBa&088»m
Bnorgy BxpvooMd la  Kilo oalorlas

«>

Aaaealc Group

Bbabor , Soforo 
Supplonontatlon

Aftor
Supploaontatlon

1 6.478 4.938

2 5.198 4.674

3 4.678 4.381

4 4.969 4.688

9 ‘ 6.576 4.975 .

6 6. 864 4.766



SBER6Y RIPSRDSD BY WHISK OB AB BHC0M3TBB BEFORE ABB AFTER
SUPPLSttSBTATXQH

Energy Expanded in Rile oalorlee 
Anernio Croup

Wuaber
Before

Supplementation
After

Supplements, tl cn

X 6.164 4.599

e 6.174 4.516

3 5.198 4.976

4 5.547 4.841

6 4.568 4.676

6 4.966 4.709

7 6.171 4.946

8 4.871 4.457

9 5.554 4.754



SHBBGY 3XP8RD3D BY AD0IK8CSHT BOYS OH AH BBOOMBTHH BBFGH8 
AHD APTBfi 2BOR SUPPLKWSHTATIOH

Rtaergy Bxpreeoed in Kilo Calories / at* 
Ansealo group

Hvaber Before
Suppleaentstlon

Husber After
Supplementation

1 4*758 1 4*881

S 6*378 8 4*795

3 4*864 3 4*690

4 5*875 4 4*974

6 6.169 5 4.674

. 3 5*568 6 4*654

7 * 5*198 7 4*584

. 8 5*189 8 4*878

. 9 . 5.017 9 4*679

10 4*648 10 4*837

11 4.778 11 ‘ 4*498

18 5.187 18 4*998

. 18 4*659 13 a 4*463

14 6*175 14 5*064

18 4*685 15 4*478

18 6*141 16 4*854

17 4*869 17 4*573

. 18 5*174 18 4*883

19 4*745 19 4*378



AVA8MIC 6HG0P
Vt»b«r Sncrgy expanded In 

Kilo Celorio/nt
&u»rg3r 9xp«nd«d in 
kilo oalorlb/Bt*

SO 4*986 SO 4*654
SI 5* 178 81 4; 879
SS 5*194 88 4.358

S3 5*468 S3 4*769
84 5*181 84 4*807
SO 5*486 85 4*601
86 5*348 86 4*437
8? 4*775 87 4*451
SB 6*075 88 4.678
88 6*184 89 4*449
SO 4*869 30 4*068
SI 4*765 s i 4*475
38 4*574 32 4*856
S3 4*987 33 4*801
84 6*198 34 4,489
36 6*449 36 4*387
36 5*348 36 4*666
37 4*767 37 • 4*456
38 6*496 38 4*788

6



XB6XVXB8AL PULSE BATS BUBIHC SBGOftitfHX APISH SUPlLSMSHfAilOl

m m m m a  m m «  w «•iI9 •  ■ »  • a  wt w m m m

H a les Po»alee

lumber Before
activity

A fter
Activity

timber Before
Aotivity

A fter
Activity

1 78 148 1 74 144

8 73 188 8 73 144

8 73 188 3 78 180

4 78 188 4 78 146

6 77 143 8 78 146

8 76 143 8 73 148

7 78 146

8 70 143

9 74 148

m a m m m m o m m m m m a m m t t m t $ m w m m » m m m



[

IIDIVIDUAL PULS IS BATS DUBIHC BKGGfcSTBff APTSB 
3UPPL!5lfWTATIO!f IH AD0LSSC3I?T BOYS

Barter Before Activity After Activity

1 90 130

& 96 140

3 96 134

4 , 96 140

a 94 135

« 95 136

9 94 135

S 99 143

9 95 139

10 95 138

11 96 138

It 96 140

93 93 138

14 94 145

15 96 140

16 99 144

19 94 136

19 96 140

19 92 130



IVuabar B«fow activity After Activity

80 78 133

81 70 140

88 78 188
V

88 70 140

84 70 140

85 78 180

88 78 138

8? 78 180

80 78 133

88 78 134

30 71 187

81 71 188

88 71 180

83 78 130

88 78 183

86 78 184

38 75 188

3T 78 134

88 70 140

iaMMfcflft&am*s*tnceA- r^xranasasRKKEn



TIMS K3Q02&3P FCB BXHAB3TI0H OR AI
s m o o t h *  aftsh  88F?LflnanrATXos

l«a  VtMD

Itoabtr X1 B0 la  
S0OO&4I*

ffmber Sla« la  
••ow ls

1 130 1 T5

3 ISO 3 80

3 146 8 TO

4 116 4 T6

6 110 6 90

6 116 6 80

? T8

8 100

9 90



fZK8 HBQCXKSB FOS SXHA08TIGR OH Al 8BLMBTSR 
AFtlB SDPPLSHSHTATIOH IS ADOU58CEHT 

BOYS

9usb«r Tim* In Saeonda Ifcmbar Tim* in aaoonda

1 140 80 185

8 180 81 180

9 185 82 150

4 115 85 180

5 140 84 155

< 130 85 130

7 140 84 160

8 180 87 155

9 180 88 130

10 140 89 150

11 156 30 170

18 115 31 165

18 150 38 145

14 100 33 150

10 145 34 148

14 180 35 150

17 140 34 130
18 140 57 140

19 165 ssm 180



APP1NDIX 19

WORK OttTPU? IN TBHHS OF HaiBSii OF PX3CS8 XN MAL3S AFTBR
S UPPL HBMTA TX ON

Ambit Profile
Killing

Number Matoh
lapping

1 388 1 144

8 344 8 187

8 346 3 137

4 880 4 140

5 373 5 148

4
t

314 4 168

Number Rough Lapping

1 830

8 881

3 880

4 888
. ,

6 813 ' . *

4 884



WOfil OUTPUT IK T2BKS 0? SUKB3K OP PISCES IS 
? SHALES APT3R SUPPL̂ KSSTATIOH

fluabar

1

5

3

4

6

e

7

8 

9

W
Busbar < 

1 
£

3

4 

8 
4

7

8 

9

10

Slot silling

1070

1173

1800

1187

1300

1340

1844

1144

1818

Lopping
30

84

35 

30

37 

34

38 

33

36 

88
- i



WOHK OUTPUT 29 T3I8IS OP LSJfQTH CCV8H3D 29 P8SPAB2H8 FUBB09S 
BT ADCLSSCSBT BOYS AFSBH SUPPLSMKHTATICir

M i r Length covarod 
la  foat

Bunbor Length e«T«v»4 
la  f«ot

1 89 80 68

C 95 81 94

9 99 88 81

4 89 89 80

5 80 84 84

4 96 89 98

? 80 86 84

8 99 8T 89
9 98 89 98

20 89 89 88

12 88 90 89

28 94 91 89

29 81 98 86
■ t.

14 90 99 89

29 88 94 61

18 99 99 69

IT 80 98 58
28 68 '

J ■ T -Tf ‘ 64
29 89 98 99

"■ ';
v * / rJ-r 1 pv 1 V-',“

-y 'in#-' - iV: ■'
i * i w


