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I. INTROLUCTION

Increasing population demograsphic pressure and
the demand for mors food have put a heavy burden on
the world'’s working population(Hindu, 1983). India has
a population of approximately 684 millions according to
NManorama (1982)., wWith such a massive aver growing
population it should be poseible to make a headwey in
all £ields. OGut malnutrition and 111 health seems to
be the debilitating factors in meeting with the various
demands of our population. The development of natural
rassources nust be geared to the people if the country
48 t0o make progress and enable us to be on par with the
other developed nations. In other words importance

should be given to the proper development of human
alemant which is our greatest resource.

Sadasivam and Joha (1979) opined that malnutrition
leads to wastage of human rescurces and reduction of this
loss would increase the social effoctiveness of the
population and contribute to economic development,.

Ganzin (1976) reports that governments and
enterprises in developing countries widely recognime the
close ralationship batween a well fed labour force and
high productivity.

Poor nutrition can restrain productivity in terms
of output per unit iaput but restraints may avrise as




well from incroased absenteeim, lowered resistance to
disesse, letharyy and lack of drive. Poar nutrition
also may cripple a nations productivity by more substle
long rangs mechanisme (LYIEE, 1972)s '

widespread malnutziction has been cited %o reduce
productivity by Bexg (1973) particularly in the
Gaveloping countrias where the use of heavy physical
labour is common, Pox wock periormance and reduced
physical sndurance in undernourished subjects have been
wall documented (Ranamurthy and Dakshyanti, 1962 Spure
et al. 1977).

There are indications thét absenteseism and
incidence of gsevere respiratory diseases among workers
may be reduced by subsicdized canteen feeding of nourishing
food as stated in LIFE (1972), Arbmenteeiam is damaging
among skilled workoers who often are in dshort supply 4in
developing natione., Abs cmf}a can result from illness
accident or lack of motivation which may be related in
turn to inadegquate nutrition.

Productivity is relataed to life span, The econmmic
tmplicatione of life span ie largely negated by the
surplus of lsbour commonly avilable in developing
countries. Tha productivity of a work force depands on
qual ity as waell as on nutritian that tend to lengthen
1ife span which appear inevitably to upgrade quality.



Lathan (1976) reports that improved nutrition can
be shown to have a favoursble effect on both per caput
incoma and improved quality of life for people. Viteri
35 4l (1981) state that incressed food availability for
the working foxrce can result im significant and
dasirable changes in out of work behaviour, sometimas
more meaningful in terms of development and wall belng
than simply greatar work output.

Both wcrk capacity and work output are influenced
by the nutrient intake and the resulting nutritional
status of those who perform work. Childhood malnutrition
may aleo affect the future capacity of individusls for
work o xqu ganarally bslieved that productivity among
workers in developing countries is lowe This hss been
attributed at least in part to thelir poor physique as a
congegquence of chronic malnutrition. Habitual physical
activity was associested with higher work capscity per
unit weight, at all ages and all nutritionsl groups
(Sathyanarayana gt ale. 1978),

Sathysnazayana gt a4« (1978) poink out that the
acttsapts to improve the natritional status would th‘m
not only be associated with better health but also with

economic banefits in temms of increased productivity,

M e L emd L L DI T




Sathyaranayana et al. (1979) opina that the lack
ate pood -Fof - -
of prolongaed periods resultad in lathargy and sluggishness
and also reduced phyeical endurance. Viteri (1971 ana
1574) conducted physiological stwijies anc indicated that
the maximal Oxygan uptake as maasured by using bicycle
argomatar was reduced in malnutrition and resulted in

roduction in maximal werk capacity.

According to Davidson and Pasamore (1973)
physical activity is the greateet single factor
influmncing the calorie needs. Physical activity is
combined with an expenditure of energy which in turn ise
dervived from nutrients supplied by the food, people

CONnande

Physical work capacity can be d;ﬂmd as the
potencial of an individual to engage in activities
involving muscle action. Such activities range from
strenucus exercise of short duration to mild axercise of
long duration. Individual performance in acute strenuous
axerciso leading to near exhaustion(maximum exarcise)
dapands mostly on cardio-raespiratory rasarve, oxygen
éalivery and metabolic adeptation (such as comos with
physical training)e A reduction in hasmoglobin concontration
dacreasass tha oygen carrying capacity of the blood which
may roeduce oxygen delivery to tha tissuas during exercise

(840, 1975)s The more sevare the anaemia, the greatar the
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gsodupnien (n naar maximun work perfermedess rhysical

ircapagicy cupervenss vhen tlssua oxygen desands cannot
ba met.

sjolin (1981) points out that in develepting
ctuntries the jagidanee of iron defieliemsy snasmia is
often extremely high compared with that in the incasssrial tead
part of thes world, !thnbem-ié-ndthuthmma
total of 260 million anaemic women in the éoweleplls world
alona. The overall pyepavien Of anasmic women 16
highest in Asla, Coeanla, followed in Gssewmding order

by Africe and Latin Americae 1In developed j_iﬁo- the
pravalence of anaamia rangos from 7 to 20 per cent in

aon pragnant women and upto 3% per cont in vpcognmt. WO ¢
assuning coaservatively that 10 per cent of the non
pragnaat women and 30 par cent of the premant women

are anammic, this would make an sdiltsional 31 million
beinging the world total (ocuteids China) of anasunic women
batwesn 13 and 49 pears of age to 291 m&lufcm (Food and

sesrisien Bulletin, 1979), |
|
Izon Qoficlency 1z comidewed the laading

defictency dleease and the modarn esuivalent of scurvy
ané pallagra sceewdiag to fates (1979)., Iron dplisiacey
iz widaly racognized as a aasjor causa of nutyitional
ansania both in dewelephng (W0, 1968 and Cook et 2_1.
1976) and in developed amakzies such ag the United States
(AMA council on Food and Nmmpitise/Committes on iron
dutigiangy, 1968),
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Iron deficioncy anasmia with {tg reduction im
hasmcglobin levals 4is etill a major health prowviem
involving hundreds of millions of people throughout the
world as atated dy bengoe (1974),

%10 (1575) points out that "a graat deal of {11
haalth sepping energy and productivenass in many coumntries
anG ceusing sregedies in chilcé birth ise dus o anaenia®.
Thus it 18 obwious that uyrgant stepo are needed to

rrevent and control anaemiae

Rutrition society of India (1968) analysed some
of tha faciors as the msasures for o:adicat.};m of anaenia
nanzly edugation to encourage produttien and aonsumption
of protective focvds rich in thaase nut.rtmt.u:. the enrighment,
of foods with iron and distribution of supplements of iron,
Giving & diet containing an abundance of £oods rich in
iron, such as weat, eygs, logunes and soow vm
8lsc incresses cthe haemoglobin content of the blood,
but rather siowlye. It dnes not produce immediate results,
nor 13 iz feawile for a largs population., ‘rhe thexspeutie
adeinistration of farrouvs sulriate substantlially caiees
the hesmoglobin lowal within a fav woks (lLayrissa, 1970),

supplementation with iron i{s oftan the only
feasinia approach when thare is a8 large dof}cu to bo made
up in & relatively short short epan of time agsording to

¢
)
f
)
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w0 (1973), INACCG (1977) and Bayer and DeMayer (1979).
Pinch gt 21.(1974) report that the most effective way of
dealing with a population where the diet f{s dtfficult ¢o
manipulate 18 by the use of medicinal firon involving
treatment with iron salts.

Thus iron supplsmentation can ba an effective weay
of combating anaamia and helps in incressing thae work
output of population groups, This will indirectly help
in increasing the gross national product.

Having thees points 4ia mind the present study was
dealined with the following almes

) To £4nd out the relationship between
nutrition and work output with epecial
reference to iron deficiency among adult
men and wasen doing specific activitics and

also addlescant boys,.

20 T0 supplenant the anaenic voluntaars with

auitable doees of iron fin the form of ferrous

aulphate and cheerve the impsct of supplementatéon.

It 1o hoped that the rasults of tha study 111 be
of interest Lo those involvad in incraasing tha work
capacity of. population groupa.
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IX. REVISN OF LITERATURR

The review of literacure pextaining to the study
on “Anaemia and Work Cutput® is discussed under the
following headss

i. Importance of increasing produativity

20 Productivity as rolated to the nutritional
status

3. Frevalonce of anania

4. Ansemia and work outpu:

5. Keed for izon supplcementation

(- Impact of iron supplamantation on work output

e

ITnAla i a fast growin: country vith a population
of 684 militons (Manorame, 1932), The humon alement
nacessary to fulfill our ideas is sbunlant. raris (1966)
stated that man ncede to build up his strangth and
knouladge 1f ha 13 ©o take thé first step from a state of
near starvatien towards a land cf plenty. Copalan (1974)
raported that bottar nutrition can be che couso basides
baing the result of socioweconomic devalopment. Farcis
(1966) quoted Thacker and raminded that it is the hunan
resourcas still largely untapped which constitutes man's
real hopa £or tha futura. aris (1966) quotes, UesThakant
whe tarmad it "a call to £ocus attention on nine = tenthe



of the iceberg that fs submerged. 50 the human celemant
nuet take precedence if develorment is to prove effective.

Governments and enterprises in developing
countries have recognised the closae relationship between
a well fed labour force and a high rate or ptoductivity
as stated by Ganzin (1976). Improved production ralses
the Oross National Product as is pointed out in LIFE (1972)
the consequent increase in incowe would then provide
automatically for batter autrition. Sal (1972) reported
that avery country depends on ite working groups for its
aconomic develorment and it is almost axiomatic that
s hungry nation cannot achievae its £ull potential.

Cne of the kay factors in economic developmant
ie the output of the workers, which in turn ie influenced
by their dietary inteke. sadasivam and John (197%) found out
that ' _ a well fed worker contributes nesrly five times

more to production than 8 malnourished worker.

Abesrg (1972) opined that a higher production of
food par hectarae brings with it a better nutritional
status. Improvament of autritional status is ons of the
factors improving the conditions Of work and as & result,
increasinc capacity for work{Report on Food ané wWork,
sacond Internstional Heating, 1974),
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sfficiency of a well fed worker results in greater
ssnings, lass illmss and absenteeism and fev accidents
and it should aleo improve the living standards of his
dependents, raising both their current food consumption
and tho future healith and production of children as
repocted by FAO (1976),

The next chapter beings out the relationship
batween producitivity and nutritional status,

Nutriction e ons of the many inter-related

determinonts of humnan performance, Malnutrition lesds to
wastage of human resources, Reduwotion of this loss would
increase the social sffectivensss of the populstion and
contribute to its economic development (Sadasivam and
John, 1979). Adequate nutrition is an indispensable base
for economic developmant as stated by Faris (1966),
Butterworth and M$k (1970}, Correa and Cummins (1971)
Cdl/uld Longburst (1971), LemaflsS71), Yudelman (1%71),
Berg (19273) and Joy (1973) have focussed the econamic
implications of a poor nmttwm-oum‘.

sdmundeon (1979) opined that under nutrition may
retard work productivity and sconomic growth of speecific
social classes in some urban aress and some over populated
rural regions of the developing nationse
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Although the inter-relationship betwsen food and
work eafficliency are wicely sccepted in industriaslised
counmries, they have hitherto received comparitively little
attention in many developing countriesy &ecording to
repocte of FAO (1976), PAO (1976) reports that work
efficiancy is defu;td as the level at which the worker
performs his task and 18 measured as work produced im a
unit of time and the quality of work must meat the
accepted standardme "

Many dGeveloping countries are facad with the

problem of how and where to break the vicious circle of
undernutrition == low work efficiency == low productivity
and lack of suitable £004.

Severe form of malnutrition and specific vitamin
and mineral deficiencies impair work c:apacity and
performence (Viteri g3 ale 1974 and Dem 1978) to a grest
extent, According to FAO quoted by Vitari gy gl (1931)
insufficiant calories produce results that are socially
undefirsble.

The FAO (1972) has contended that poor diet
reduces the working officiency by incressing sbesnteeism,
dacreasing resistance to cisease and causing lethargy and
lack of drive. LRFE (1972) reported that lethargy or the
tnability to maintain a sustained rate of work can result
from poor nutyitions Any programme that will provide one

»
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meal a day will greatiy increase the nroductiwvity of

the enployees.

Sathyaranayans gt al. (1979) conducted a study on
96 yural Hrydarabad boys sged between 14 and 17 years of
age. He opimd that inpaired work efficiency in under—
nourished adolescent boys was perhaps the result of
current undernutrition than a comsaguance of aarly
childhoad malnkrition, Poar work perfarmance and reduced
physical endurance is seen in undermourished subjaects as
reported by Areskeg gt ale (1968), Fariskovae (1973) and
Spurr gt al. (1977) who found no reducticn in work
capacity in under nourished boys and young adults,

Buzina gt al. (1979) reported a study = 66%
adolescents of 16 - 19 years vhich indicated that {f the

nutritional status §s adequate shorv-for-age adolescants
perform physical work capacity tests and vitcal capacity
tasts a8 well as thelir taller poers. when standardized by
height phyeical work capacity, increases with improved
nutritional status, Body mass index and ralative body
weight has a much higher connaction to physical working
capacity than did body welght.

Chavez gt aly (1972) opinad that the physical

activity of the supplamentsd childron (from early preg.ancy

to one yaar) was significantly groataer than tha noo=

supplamanted one and the diffsraence bet.aen the groups

u
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incressed with age upto the point of betirg six £fold at
the age of 3 yaarse Viterli and Tovum (157%) reported
that the work intensity and lelsure sctivity were
hicher in the nutritionally supplanented agricultural
workers than in their nonesupplomanted counter-parts.

Heywood (1974) studied the raelationship of
certaln nutrition foctors to the productivity of Jamaican
sugarcane cutters. lelght for height was chosen &S the
mossure of nutritional status an index of fatnoss orx
thinness and therefore of anergy Stores. oOn the
ParnassusS estate whara increase in energy intake(supple~
mentation) was provicded in the second half of tha aseason,
there wae a significant effaect of weicht for height on
productivitys. Ths cutters whose W/ was helow 88 par camt
cut significantly loss cane than those whose WA was above
B per cent, Thare was a significant incroase in

productivicy when supplamentaticn was Jivens

Balli (1971) has resarked that productivity
docreases whan the workers do not eadt enough. sSpurr gt al.
(1977) indicated that the productivity in 46 chronically
under~-nourished eugarcane cutters (18-34 years) is affected
indirecty by the nutritional status through fte influconce

he heigh at cont and V_ . —-
on the height, fat ent %mx.

Satyanarsyana gy a1 (1977) reported a study on
$7 male industrial workers eagaged in the productimn of
detonator fuses. Body welight, height and lean body mass
were significantly correlated. Coarrelation coefficiont
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being a8 high se 0,72 (P < 0.001) with wogk outpute The
total dally output was significantly hicher (P {0.01) in
those with higher body wailght and lean body weirht, It
was also oksaervad that the rate of work increased sfter
the proviaion of a meal.viteri (1971) end spurr gt al.
(19574) opina@ that the naximum work capacity s directly
rolated to the body weight or lean body getqht. spure

qt 21 (1974) okeerved that work output in sugar cane
cutters was higher after lunch than before lunch. National
institute of Nutrition (1977) conducted a study on 70
women working in an industry where the work ifinvolved
aclderin of fuee hoads. The body weight wae signiticamtly
ralated to the productivity. HWomen whose waights ranged
between 30 = 60 kg turnad out mora vork as cospared to
those with weichts X0 = 40 kg, 40 - 50 kg and 60 kg and

AN Qe

satyanacayana 9% ale (1972) detemined the effect
of food supnlament on the working efficiency of coal
minerys in the singarani colleriese One group roceived
8 supploment which ~rovided 500 calories and 11 g
srotein daily. The other group received no sudh

supplenonte and served as the control. At the end
of 6 monthe no significant difference was chsarved

batwean the two groups either 4in their attandancae or per
caput productions



Edmundson (1971) opined that peasant farmexs in
East Java were often as productive as workers with high
intake and the relactive efficieﬁcy of the ten subjects
with the lowest anergy intake was 80 per cent higher
than the high intake group. A selected sample of the
same individuals were examined in 1977 and it was found
that low levals of energy intake do not necessarily
result in low levels of human performance (Edmundson,
1979).

Nutritional surveys in New Guinea by Oamen (1971),
Norgan gt al. (1974) and McAruthur (1977) confirm that low
levals of enargy intake in the order of 1,700 K.Cal/day
or lass for adult males and 1,400 K.Cal/day or less fox
adult females who werae physically active and led active
lives with relatively minor and infrequant signs of

malnutrition.

Apfelbaun gt al. (1971) carried out a study on 80
subjects who were required to consume a dietary supplement

of 1,500 K.Calories above tha normal intake and forty one
subjects were restrictad to a semi-starvation diet of

200 K.Calories. Aftaer 15 days of' over eating the first
group showed an average decrease in work efficiency of
12-29 per cent. The group in the semi-starvation diet

showed an average increase in work cfficiency 12=17 per cent.



*» burnin gt al (1973) pointed cut that individusle
in some less daveloped countries are active and healthy
on intakes commidered inacdaoguate by current published
standards. Reports of small population existing 4in
reasonable physical oquilbrium on low energy intakes
while maintaining active life style may be found in
numarous village nutrition surveys (Schofield gt al. 1973).
seemingly £it individuals parform heavy work losd with :
much lower asnergy intake (Norgan gt ale 1971).

Satyanarayana gt 3l. (1978) raports that the
majof effaectof under nutrition on work capacity would !
thus appoar to be mediated through fts influence on
growth, resulting in youngy adults with low body weight,
Undemourished subjacte must be considered to have a
handicep since those with low body weights had
significantly higher heart rates for a given work load
as compared to theixr hsavier countaere-parts indicating
that thay had either low cardio-pulmonary capacity ox
that the capacity of thaeir muscale to extract oxygen was

lowereds

Thus poor nutritional status adversely aifects
the productivity which in turn retards the econcmic growth,

3. Prevajence of hnsemiss

wHO (1975) suggested that haemoglobin concentration
of less than 13 g/100 ml of blocd in adult males and
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12 g/100 m] of blood in non=pregnant women of child
bearing sge is likely to indicate anaemis.

-

sSauberlioch (1976) considerad hasmeglobin lass than
12 ¢ - g/100 ml deficient in the case of males above 16
years whiile hasmoglobin values less than 10 g/100 ml
daficient in case of fomales above 16 years.

values below 12 g/100 ml and 11.5 g/100 ml in
fanales are taken ae indicative of anaania as per the

*

nogms of Das (1980).

lez: e = e

w0 (1973) has reported an overall anaemis

prevalence rate of 20 per cant among the world population
taken as & whole., It has been estimated that 20 to 60
par cent of the individuals in cifferent countries have
subeclinical cr clinicel evidence of iron dapletion
according to Nutxition Reviews (1976). Cook gt al. (1980)
opined that iron deficiency anaemis affacts 10 to 20

per cent of the world's population,

Fray (1978) stated that iron deficiency anse~is
is the commonsst in all parts of the country. Even in
developsd countries lik» Britain, iron deficiency fomms
92 per cont of the totel anaenias (including all wypes of
anaenia in famale population. baker (1978) pointed cut
that the incidence of anaanis has been reported to vary
fxom 10 to over 50 per cent and three fourth of the cases
have been prascribad to fron deficiency even in developed




countries, Utas 9% gl (1990) have reportad that among
collage studants 13 per cont ere ansmuic in the United
states Of «aaricae

In & otudy in Buyma Aung Thenedatugy al (1972)
tound the pwovalenge of iron deficliency ansanmia to te
§ o 13 por coent asony woemn and 1 to 3 per cemt emoOny
oent (taking the hasmoglobin csncentration of 11 ¢/100 ml
sriicrerily as the cut off point for snaenmia and segun
iron less than 30 /100 al s defielenay).

WO (1574) reported the prevalence of anammias in
India ‘de_w Ielhi and Vellare) based on the WO standard

of lase then 12 g/100 ml for non pregnasnt women as follows.
I8 Sew Uelhi 4in o saaple of 95 non pregnant women, 64.3
per Cofit ware anasemice While in Vellors, in & semple of
100 non pregnant women 33 per cont wero ansomics IN
Vellors the nen ware ¢ par gont anaanic in a total of

9

talliorg gk fle (1979) stated that 28 to IO per ceat
of women in the child besrin; sga (noneprognent) ware
critically 111 from iron deficiensy anasmia, Socd (1283)
goported the prewalance of ansenis among males (13=24 yeave)
to ba Gel2 pear cant whils in fesales (13434 yoars) it wos
found 40 b 66,7 pexr cent during & salt faxsifisstion
collavoretive study 1978 - 1981,
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Datta (1982), Rao (1982) and Halcer (1982)
raported the percentage prevalence of anaemia in the
age of 15 » .24 years for males to be 6 per cent in
Madras, 42.5 per cent im Hyderabed and 92 per cent
in Caleutta.

Thus we sas that anaemia ranks as ons of the
most common maladies affecting mankind all over the
world. According to Elwood (1973) iron deficiency
is tha believed to bs an important hasard to heaslth,
Greenwood and Richardson (1979) opined that iron
def iciancy 18 undoubtedly ona of the most serious
public heaslth problems during adolescence.

Such a stat: of pravalence <f anamia raflects a
poor nutyritional status affecting the total f&puﬁ of
the population vhich is vividly shown in the following
chapter on anasmia and work out.

WO (1973) reported that physical work capaeity
can ba defined as the potential of an individual to
angage in sctivities involving muscle action, Such
sctivities range from strenucus exerciss of short
duration to mild axerciee of long duration and make use of
different machanisas of physioclogical adaptation,



Individual perfoimance ia scute stranuous exercise
leading to nsar exhaustion dapends mostly on cardio
respiratory resarve, oxygen dalivery and metabolic
adaptations

Physical endurance differs f£rom productivity in
that the former refers to the ability to perform
certain physical tests under an artificial enviroment
and the latter rafers to the output of physical work
in a real situation as stated by Soekirman (1974).

FAC (1977) clessifies that iron deficienay anaania
oceurs when lossas of fron from the body are not balanced
by absorption of suffieient iron to compansaete for bogh
normal and abnormal 1088e8.

1zon deficiancy anassla affects the physical work
capacity by reducing the avéilability of oxygen to the
tissues which in turn affects the cardiac output and the
heart, eventually leading to death in severs cases.
basta (1977) and PAO (1977) reveal that World Bank has
fdontified iron deficiancg anaemia among the possible
factors limicting work output and physical capacity of
male agricultural and road construction workers under
tropical conditions.
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Edgerton ot al (1979) comiucted & etudy on the
effecte of iyxon deficiency on worker productivity 4in a
taea plantasion estate in Kandy area of sSri Lanka. The
quantity of tea picked/day was studied before and
after iron supplamantation. Afesr ons month's treatment,
significantly more tas was picked vhen the hasmoglobin
concentration was incressed by iron supplementation
(200 mg ferrous sulphate) than when it iwvas not.

The degree of improvensnt was greater in the more

anaanic subjects.

The economic jmplicatiocns of incressed work
procuctivity with fzon trestment are avident,
pacxticularly in developing countries. Thase results
also provids strong evidence for the clinical impression
that people with iron deficiency anas:ia suffer from
tiredness and weskness (zdgarton et sl. 1979),

A study was carried cut in Sweden (19789) to £ind
the affectcf iron supplementstion on the working capscity.
Healthy women in the age range of 38 to 71 years were
chosan £or the studye. Half of the women were given iron
supplamants twice dally for & period of thres monthes and
a halt of ware given placebo. The aversge work performance
on an exercise bicycle was improved im both groups. The
Lmprovement wae about four timss grester in the supplemented

groupe



Gaxdner et al (1977) examined the performance of

7% women plantation workers in Sri Lanka on a tresdaill.
The women were grouped in a step ladder fashion, according
to their haemoglobin levels in their blood from 6 g/100 mi
(serious anaenia) o0 13 g/100 ml, wWith sach etep, down
the 1adder, the work pexfommance dropped. Subjects with |
haamog lobin congantration 11,0 and 11.9 ¢g/100 m) showed
approximataly a 20 paxr cent dacrease in the work tolerance
whan compared to subjects with haemoglobin concentration
greater than 13 g/100 ml,.

Gardner et al (1975 ) conducted & study in
veneausla on 29 edult iron defecient subjects with
haemoglobin lavels 4.0 ¢0 12,00 ¢g/100 ml., Haenoglobin
laevels for ithe iron treated groups after 83 days improved
fxom 7.7 to 12,4 g for the women and from 7,1 to 14,0 g
for the man, The rasults support the concept that
periccmange requiring high oxygen delivery is significamly
atfected by haamoglobin lavels since 4 of the 29 anaenic
subjects wers unable to complete the $ minute stepping
task.

Lathan et al (1979) condusted work output studies
on 2381 road construction workers in the highland district
of Nyeri and the ccastal districtof Kwalae, Kenya. Low
body weight for height was styongly sssociated with lower
productivity and over time, low haencglobin wae associated
with low productivity.
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The highland population was given a drink fortified
with sugar (supplying 700 calccies of anergy daily) since
those workers ware on the aversge around 80 paxr cent balow
the recommended waight for height nozws, while the other
half received the same drink containing saccoharine. After
4 weakn the cutputs were neasurad: It was founc that those
givan =nergy drink incrcased in weight as compared to
those given saccharine but no detectable difference between
the tw grouns in tevms of work output,

The wWoerld sank undertook a study with the All 1ndia
Institute of Medical Sciences (AIIMS), in New lelhi,
Northern India during (1974). A survaey of about 200 road
wvorkers in narthern Uttar Pradesh rovsaled that the ocutputs
of ona of the two ponpulations studied was corrslated vwith
the haamoglobin lavels. Output was measursd as tha amount
of earth hauled snd dumped over a fixed distance. In both
the population thare was a close raelationship between
autput and dietary iron and folate lavels.

Basta and Churchill (1574) carried ocut a study on
male construction and plentation workers in Indonesia.
Iron deficiancy anaania was pravalent anong plantation
workers and on aduinistration of Harwapd 3taep Tast, an
inverse rolationship was qstablished batween anseda and
physical work capacity. To test the affoctof supplamentation
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(100 mg of el mental iron), two typical plantation jobe
vere chosen. Tappers and weaders were eplit imto ansemic
and non ansenic groups. Iron pills and plascbo wers
adainistered on a double blind basis 2o both groupe.
Mnaemic tapper output was 19 per-tentbelow non ansemic
output, Weeder anaamic owtput was 20 per cent below
non anaamic ocutput, After supplementation the ocutput of
both tapper groupe was equal. The placebo ansemic group
axperienced increased output but was still 13 per cent
below the noneanasmic and supplementation groups. The
susplamentation oz placebo did not increase the work
Gutput 4in the noo~anaesnic Lapperes

In weedars, no differonce was discovarad betwoen
the output of supplemented anasnic weeders and placebo
anaemic weoders, Anaaenic men vho received sun-lamantation
denonstrated a dramatic increase in serum iron cransfercin
saturation and TIBC levels. Anasnic groups receiving
placebo showed no ehaneat

Finch et al (1977) reported that fetigue and limited
abilicy to perform muscular work have long bren raecognised
a8 sccompaniments of iron deficfiency. A lovw oxygen carrying
Gapacity of the anaamic blood has been sgsuned to be the
majoxr rsason for the low work cespacity.



Viteri and Torum (1973) reported thatfin
sugarcane cutters there was a direct relattonehip
between haemoglobin concentration (or) packed cell
volume and score on the Harward Step Test which assures
Cardio respiratory reserve with near maximum exercise.

hccording to Gopalan (1978) the work ocutput
depends on physical efficiency and anaemia profoundly
affects the work porformance. Since to parform anavgy
Gauanding tasks, bloocd must be able to transpart oxygen
at a rate and level required by the effort, which {n turn
dapands on circulating levels of haemoglobin.

Ohira (1879) opinad that haanoglobin and maximal
work time increessed significantly withia four days after
iron trestment and continued to increase upto sixtoen days
0 six anaanic men end fourtaen anawsic wonen after a
t.om'\l.:faalon of iron daxtran by wvein (30 « 30 ml).

Karyadi and Basta (1973) carried out & study in
Indonestia ‘utrition Reseaxch institute among road
construction workers in Java, The workers telonged ¢o
18 = 38 years, About 41 per ceit of the workers were
iron deficient (wWHO hmqglob.tn standard) and out of them
about 10 per cunt were slec thoughl ¢o be suffering from
folate daficiency. The results showed that wdarate to
severe anaemia (11.1 g/100 ml) present in 33 par cent of
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sanplos was glosaly associsted with poor parformance in
Harward Stop Tast (M3T).

Anoter study by 3asta et al (1974) was uncartasken
in west Jave with the Indonasian Nutrition kesaarch
Institutes The dally work Ooutput of about 600 rukber
plantation workere was measurod. Two typas of work vas
mesasured namely tapping, and weaeding. 1n 80 far oe the
waade wverc concerned during their five hour work day
tha anaamic workare clsared an area about 20 par cent
lass than the non=anaumic workars. The imtervantion
proyranme wes garried out for 6 weks, Aftar 6 veeks,
Work output measurements showed ehatft.ha praviocusly
ano@uig tappers were producig just ae much latex as nonb
anaaaic oms. he hammoglobin levels of both groups werse
then similaxe

Basta gt al (1979) condugted another study on
gubber piantation workars in West Java Indoneeis. Forty
€ive par cent vers nnaamic as judgad by haeuoglobin
balow 13 g/100 ml. Haeamoglobin values and Harward Step
Teat (HST) pesfcrmance for cappers and weeders were
significantly corralateds The rubbar tappers were paid
by their work output, their earnings wars correlated
wvith hasaoglobin valuss, Morbidity and haemoglobin
values vers aleo corr:lated. Traatmont with 100 ug
elanental iron for 60 days significantly lmproved
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hammatological status of the anasnic men and their
Harward Step Test perfocmanae, work output and morbidity.
Treatment with placebo groups, received a daily incentive
paymant of 15 gupishs equivalant to 3 to 7 per cont
minisusn daily vages. The sum spent largely on food,
rosulted in added intakes of 3 to § mg available iron

and 30 mg vitanin Cs This is believed to axplain a
signif icantbut smaller imorovementiin haemoglobin, Harward
Step Testperformance, work output and morbidity in the
anaemic placebo group. Ifn an untrested subsample to
whom NO payment was given no change in haemoglobin,
haamatocrit, work performance, Harvard Step Test score of
disease marbidity occured. After income supplementation
was stopped hasnoglobin and hasmotoarit values and
related changes raverted to initial values within 30 days
in the placebo group but dld not change in te iron
related group. The cost of iron supplensntation was
emall compared with the conomic benefits of increased
productivity and lowered morbidity.

WO (1975) stated that severe anaemia impairs the
maximuam work capacity. Basta (1977) reported that iron
deiicionay anagnis tnp‘f‘t s the work output and enexgy
exponditure of an individual.

since iron deficiency anasmia is highly prevalent
amorg sdults, many of whom are engaged in agricultural ox
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other physical work, this effect of anasuia on work
perfocmance may be of grest significance on the economy
and productivitye. '

Andereon and sagkve (1970) have reported that iron
deficiency ansenia impairs the working capacity of
individuals by pla&m an excessively increased 1oad on
their cerdio respirstory function. They felt that higher
ventilation equivalents (Ventilation/oxygen uptake)
gound in anammic mbiaeu was due to the lower levels of
haemoglobin.

Davie et al (1973) found no respiratory changes
but significant cardiowvascular d'aat;qel in 17 subjects
wvhose hasaoglobin rangad £rom 6,0 +9.2 g/100 ml blood.
Anderson and Barkve (1970) reported a higher exercise
and recovery heart rates for anaenic subjects. Delano
et al (1972) opined a high incidence of 5«T segment i3
changes in anaemic subjects.

Iron is an essential nutriaent and a common
substance scen all round us in every day life. Sharma
(1973) reports thatiiron deficiency is the cause of
widespread illhealth, fnefficiency and gwhmpinou:‘:.
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WO (1973) has pointed cut that "a great desl
of illhealth sspping cnergy and productivensss in many
countries and causing tragedies in child birth {s due to
anssmic 80 immediate and urgent steps are needed to

pravent and control anaemia.

The education of protective foods rich in iron is
| the best vway. Nutrition ERducation 1s sssential foxr
combating it (Devadas, 1973, 1977 #d Burgess and
Burgess, 1976). The enrichment of foods with iron {s a
potaential method for preventing anaemia, Studies on it
are few a0 fortificatiun of foodstuffs with iron cannot
form the Lasie of a public health programme for the
prevention of anaemia at this stage. rFortification
appears better but is & more dAffficult, long termn
solution o the rroblen,

According to NIN (1968), wo (1973), INACG (1977)
and Baker and DeMayer (1979) the most obwious and
feasible approach to the prevention and control of anaemia
in & larye population to be made up in a short span of
time fs through the supplementation of irxon.

NIN (1968) and Xrause and Mshan (1579) report that
trials in sevaral centers have shown that iron supplementation
to anaemic people can effectively control the problem of
iron deficiency. The prophylactic dose of iron should be




60 ag of alamental iron per day. The agtual gomnound
to be used shculd be sither ferrocus sulphate or ferrous

funarata.

The vast majority will imrrove with simple dietary
supplementation and additional iron preparstion, Ferrous
suiphate is quite effective and the rise in haencglobin
level is directly propoxtional to the smount of
alemental iron administered upto a dose of 200 mg/day.
Any severe ansania takes about 6 -« 8 vesks on dietary
supplementation and medication to reach normal as pointed
out by Des (1980).

NIN (1578) undertook & study on § huusR volunteers
and 6 monkeys. 7ihe iron tablet wsed in the autritionsl
anasaia prophylaxis progrémme, containing 60 mg of iron
as ferrous sulphate and 500 mg folic axid was investigated.
After the experiment it was concludad that se by elght
hours after dosing serum iron values had returned to
alwost basal levels in monkeys., In human subjects however
the basal values were reached only after 12 hours of dosing.
This experiment also gives an index €or bio-availability
of iron tablets as repxesented by the rise of sarum
iron to the péak valus,

Aungthan Batu et al (1972) reported that after 6

waaks of iren therapy given crally as farrous sulphate
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containing 120 ng elomental non dally the serum iron
values less than 50 Ag/100 ml had a significant increase
of 2 gn/100 ml in mean haamoglobin concentration in
contrast to 0.2 /100 ml in those given pacedo,

The treatment of iron deficiency by supplementation
is & easy and quick and effective step. Thare is a
wide cholice of proparation varying greatly in price but
the least expansivo such as ferrous sulphate, ferrous
gluconate are antiraly satisfactory. INACG (1981)
reports that gastro=intestinal side effects represent
the main limiting factor 4in oxal fron therapy. These
often disapposar if treatnent is continued or may
be toleradble if dose is reduceds

Thare 18 evidance to show that iron £n madicinal
fomm 1g bhatter absorbed and hance firon supplanantation
1s weeful in eradicating anaemia,

Gupalan (19275) reported that more severs the

anasaia the yreataor is the reduction in near maximam

wOoKK perfOrmancas,

FaQ (1977) reveals that the World Bank has
tdancified iron deficiency anaania snong the possible
factors limicting work output and physical capacity of
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of agricultural and road construction workers under
tropical conditions. To make best use of the readily
avai lable human rescurces, supplementation 48 an
offective step in combating anaemis and increaslng
productivity.

iron supplemantatpbon has an important beneficial
fmpact on the work cutput as reported by tdgerton et al
(1979), Lathan et &1 (1879), Basta and Chuxchill (1978)
ané Basts at ol (1974). |

Gardner et al (1978) cpined that iroa slupplemente~

o éj;ﬂ'_';-ﬁ.l'.“-::‘l.'
tion has an improved eoffect on ths work pn'fé‘l”mw

The cost of iron supplemantation e small compared
with economic benafits of incressed productivity and
lovwered morbidity as stated by baste et al in (1979),



IXXe EXPERIMENTAL PROCEIURE

)



I2Xs EXPERIMENTAL PROCEIURE

The oxperimental procediure pertalning w the
study on "Ansenia and Work Gutput® L dealt with under
tha folloving headingos

3o
2e
3e

Se
[
Yo

Be

Soalegtion of the ares
Seloction of the volunteoars

Asgensing tho mtrisional statue of the
voluntoers .
a) cCondueting :00od weighment survey

b) Recording heights and woights of the
voluntaers

e) Cagrying out biochamical sstimations

Revording pulss Tate and blood pressure
dstimating the anexgy expanditurs
guantifying work cutput for spocific sstivities

Estimating phyeical work capecity with an
ergoneter

Supplomentation with iron
svalusting woek output after supplomentation

Twd differant places vers chosen 88 the venue for
tha ressardh work, The first cno was an industyy namely
GelisNaidu Indikry and the second one was Sri Remakriechna



School of agriculture in Parxianaickenpalayam. These
two places wers chosen as it was sasy to reach the
places and whole-hearted cooperation was axtended by
the managements and authorities ia both the places.

The workers in the C.D.Naidu Inditry and the students
in the Sri Rmmakrishna School of Agriculture, promised
their cooperastion for the study.

20

It was decided to choose a sat of adolescent bhoys
and a set of working adult men and women as volunteers
for the study, becauss there is a nead to find out the
work output of adult men and women and slso adolescent
boys who form & big proportion in the working

population.

Acgordingly 19 adult women and 18 adult men who
were ansemic were ¢hosen for the study and 4 men vhose
hasnoglobin levels were sstisfactory servod as contrals
from the Ge.lsNaldu Indastyy. There was no control
group u\vulable for the women.

Thirty eight ansemic adolescent boys werae
avalilaile foxr the study froam S5ri Ramakrishna School
of Agriculture and 16 ooys who were not snaemic were
chosan as comtyols,. .



Food walghment survey is supposed to be most

acourate anong the various methods of dlet surveys and
hence it was proposed to conduct £sod weighment survey
oh 8 subsanple of 30 volunteers 8 adult men, 10 adult
women and 7 from adolescent boys all of whom were
anaemic. Two adult men, ané thraee adclescent boys from
noneanaamic group were also chosan for woighmont aurvey.
Tasker @t 3l (1968) points out that a 3 day weighment
survey would be suffictient, as the dietary variation in
day to day life is not larqe.

All the raw £004 itoms ware weighed besfore cooking.
Than the total cooked waight of the £food was racorded,
After thio tha volunteers ware roguested to consunz the
fooB. A8 soon as the eating was ovar, the quamtity of
good left unconsumad was weighed and thic waé subetractoed
from the total cooked weight of the food. From the akove
dsta, the quantity of cooked £o0od consumad by the
individual was obtained.

The rav ingrodients used ware computed from thae
cookad food consumad, From this figure, the nutrients
available from the diet pax day wes caloulated using the
"Nutzitive Value of Indian Foods®(Gopalan gt a). 1982),



Haights and weights were recorded for all the

voluntaears and tha voluntegers were solactaed {n such a

manner that tha differonces in height and weight between them

vas not statistically significant.

The hefght was messured usiag a filee glass tape
£i%ed to the wall., The volunteers were made to stand
errect and upricht on & firm level floor bardfooted
against the tape with amms hanging fraeely at thae sides,

A wvoodan scale was placed gontly on the haad, perpandicular
to the wall and tha halght was maasurod from tho tape

naarast to Ul am.

The weights were measured with the help of a spring
balance. Bafore weighing the balance was chacked for its
accuraqy with the help of standard woights. The uveighing
scale could read nesrest to 230 gremso. Spring balance
was uead as traneport of heavy laver type daslance was
difficult, Guwrney (1868) points out that a sprinc halance
is adegquate to mngsasure the welphtes, provided tho balance
is checked fregquently £or accuredy.

c)

bBiochemical estimations are acourate asans of
cesessing the nutxitional status of the population groups.



Four 0 £ive ml of venous blood was collected
from all the volunteers participating in the study and
the serum vas separasted, erum iron vas maasureod by the
Dipyridyl method of Varley (1569). The details for the
estimation of serum iron are gtvet; in Appendix (1),

A fingar prick was made and 0.02 ml of blood wase
collected with the help of a nicro pipette. The blood
was Llown out fato a filter paper and stored after
lalling. ihe concantration of haanoglobin was most
reliably neasurad after accurste dilution of the blceod
sauple in & solution cthat converts hasmoglobin to cyammet
hasnoglobin which is thon quantified spectrophotometrically
using the method of Crosby gt al (1954). The values thus
arrived st were compared with those of Sauberlich (1976¢)
and all those telow the range of 12,0 g/100 ml were
termad anaemic in cease Of men and adolescent boys and

all those less than 10,0 g/100 ml were termed anaenic

incase of adult women, /he pProceduve fov the estimalion
of ha,emaglobi'w Lo 8{\/6\«\. v F-}Ppey\dl;e (2)

The pulese rate and blood pressure wera recorded
befcre and aftar the different activities.
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The pulce zrate vasd rocorded for the various
activities before and after the supplamentation to see
the effacts of activity on pulesa rate.

For reoording the nlood nregsure tha subjects ware
made t0 lie in & comfortaila position and the bioovd
Prossure was recorded using a sphygmomancmeter (Sphygmoe =
pulse) by auscultatory method,

In the fndiract or clinical mothod (firat suggested
by Vierodt in 18538) the haight of a cnlumn of mercury -
o o‘thar force = raguired to suppre@s the nuleations in
an artery is emplovad 20 3 meagure of the pressure ia the
blood in the artery. The instrument consiste of an
inflated clothecovared rubber bag wich £its snugly
around tha uppar arm which i3 held in posicion by
wranping an axtension of the cloth covering ower the bay
and about the awm lik> a bendege, The bag commuanicates™
with a mercury manometer and can be inflated by &
pressure bulb. On the tube leading £rom the oulb to the
bag there is a nesadle valve which can be opaded gradually
to allow air o oscape and thie pressure in the bag o
falle

10 msasure the pressure the cuff ie wrapped tightly
around the volunteers arm in the pegion of the opachial
arcory. ALg 1is pumped into the cuff until the air pressura
is graat snough to compross the artery o that no pulsd is
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heard., The ststhoscope i¢ used to listen to the pulse
of the brachial artery at the elbow. Thon the valve is
op:ned slightly so that the pressure in the cuff beings
to falle 300n a dietinet scund ie heard as blood spurts
into the artery once again. The preasure st that instant
is read as the sytolic pressure. The sound gets

louder and then changes in quality, and £imally becomese
fnaudibles Pressure at the time the sounc is no longer
sudible is read as the dfastolic pressure.

The blood presasure was recorded for sll the
activities befcre and after supplamentation with ferroue
sulphate tablets.

Se

The onergy expenditure of the volunteers during
activity was recorded using an apparatus cslled Xofranyl «
Michaslis respirometer. The apparatus ie made of rubber
and usualy of 100 litres capacity. It is light weight
portable respirometer which can measure directly the
volune of expired air and simultanecusly divert s small
fraction into a foot ball bladder for subsequent analysis.
The instrument can be worn at the back like a haversack,
The expired gas in the rubbsr bladder was analysed for
its oxygen content. The oxygen consumption was converted
into kilo=calories using the formula given by Bratton (1959)
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which §s given below:

Cublc centimeters of O,/minute
‘—— e ————————————E. 3. 7Y | )

1,000

Datalls for the mm'rouion of respiromater data
o oxygen unite is given in Appendix (3).

The mejoxr aquipment used for the study was

) Kofranyi Michaelis Respirometer
a) Beckman oxygen analyser

simplified and compactunit which is fairly mmall 20 x 27 xn
11 om and weighs 3 kg. It is delicate and poxrtable.

The parts of the respirometer are Rubber Bladder,
Hose ¢lip, Rubber tubing, Moauth piece and Valve,

There are axit snd entry parts ons on each side
of the respirometer. The operation of the Kofrgnyi
Michasslis Respirometer irmwolved the following steps.

1l Saturating the rubbar bladder with the
axpired air for two to three hours in order
to £111 in the air spaces of the bladder,
thus preventing diffusion of aire

e Placirg the reepiromater on the bhack of the
subjact,



4.

Se

0o

7.

Pe

30,

11,
12,

41

Attaching the rubbker bladder after emptylng
te the exit part of the respirometar with
s ocov alip.

Fixing the nose ¢lip and mouth plece

Turning the tap on the respiromastar (right
hand side of the subject) to the position
recuired o sxtract aither 0,6 or 0.3 per cent
of the total air expired passing through the
meter.

Roting down the reading on the meter ecale of
the xespizrometer.

Tuwrning the tap on the respirometer (left
hand side of the subject) to wvertical
poeition,

Noting down the time, room teuperaturae and
the baromtric pregsura.

Turning the tap to the horimontal position
at tha end of sach taest pariod,

Novding down the yraading on moetar dial of
thae respirometer.

Femoring the nose clip and mouth plece,
Feuoving the rubber bladder after closing
it cight with the screv @lipe
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13 Analysing the gas content ia the rubbex
bladder

and 1l4ée Cleaning the mouth piece and the nose ¢lip.

Ziegauthong e Some of the precausions listed
below are stated by comsolazia (1971) and followed in the
prosent studye “

1. Prior to the collection of c'upt:od air, it
was tested for lesks through the nose clamp
of epired air, The respirometer valve was
chadked for leasks, '

2, Tha allguot bags ;v.:o chacked for leoaks. The
sanple of expired aixr was romoved with the
syrirge as soon 28 possible to minimise
errnrs introduced by diffusion of gases
through the rubber bladder. 7The gliqut
bladder was aslways stared full of axpired aix
in order to saturate the rubbar with carbon

dlodde. Prior to use, the bladder must
ba avacuated with a vacum pump md close
aff with a pinch 1:1&5!._¥

3. The equipnent wes oparated for a fow minites
- prior to the beginning of the measurement.

4. whanever possible, the expired gas wvas
analysed directly from the bag, and was
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certain that the expired air had reached
equilibrium at rooa temperature prior to

analysis,

= The Beckman cxygea

analyser was uweed for detemining the percentage of

cxygen present in thes expired air.

The Zollowing are the stape:s

) ¥4

2e
3.

conmacting the rubter bHladder to the
ganpliny wube afver removing the protective
rubbar bulb,

Lodsening the screw clip on the rubber bladdar.
Prossing and releasing the respirometer bulb
till) all the air {n the bladler entars the

analyzar.

Roting down the parcentage reading on the

mater ccale of the anslyser at once.

Other accessories are stop-watch, matronoms,
thermometer and baromater, A stopswatcdh was used to
note the tima taken f£or all the activities. A metronoma
conmtrolled the specd of the suijects while performing the

activities,

A thepuomater graded in centigrade and @

barometer gradiated in millimetere were used to record
the roum termparature and athospheric pressure.






The energy expenditure incurred during verious
activitias by the ansenic group was compared with that
of the non~anammic group.

The activity performed by six men and nine wonen
was profile milling and milling of slots respectivaly.
The machine used was a production milling, manually
oparated with manual feeding in the standing position,

in profile milling the plsce was clamped in the
collet than the £lat surfaces were milled to a radius
of 4 R ons by on:, after indexing (rotating to 180°)
the piece was then ramoved from the gollet holder
aftar loosening the collet. The milling of sliote
irwolved millirg two slots in & single operation on the
face ol a8 gear blank.

The other activities perxformed by a set of sixteen
men An the same industry was match lapping and rough
lapping. There were six men in each catagory and two
controls in sach. The job Tequired the worker to stand
at a place and manually feed the electrically oparated
BnOKOT o

Match lapping involved £ixing the necedle and barrel
in the collet, then removing the barrdl. applying the

.
)
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paste on the neddle and then lapping the barrel and
finally removing the piece from the collet. Rough
lapping required fitting the lappingy bush on the
aant.cl applying the puu“ aqd than lapping tin the
bore in barrel was 1 /n.

Lapping was performed by ten woman, but hexe the
nosale used wvas pexkine, The activity required tin
worker to sit at & place and cayry out the following
operstions fixirg the tone in the jaws, applying the
paste AR a 60° sngle and lapping the bottom of the
seat (ncasle),

The work output in sn aight hour ¢hift was measured
in terms of number of pieces milled or lapped and could
therefore be precisaly quantified. The workers were
given an incentive pay acoording to the number of
places milled or lapped after fulfilling the minimum
output t earn their basic wages.

In case of the all the asdolescant boys the length
of the sirgle furrow made for sugar cane plantation in a
apecified times was taken as the activitys ) ™e

work output for different activities wae Lt;‘;;z" P

ms&ﬂ‘ﬁ beforae and after supplamentation. & - J
[+ _ _ o

L S L“b"\?.:i".“‘“




The method used was that developed Wy Sjostrand
(1547) which basically involved mssswsemant of heasrt
rate at known levels c! geneweliised work as periccmed
on & bicycle ewpoastar. Ao esgoaster (exgo = work,
meter = measure) is an iastywaent in which the anounts
of meshanigel vwork per unit of time are regissamed.
Heart rates of the subjects wore Mmﬂ sihile they
ware cycling at a speed of 60 pevolmtiens per minute
against knowl smounts of resisstanas in ths sitting
position on 8 Venky :lestirtiesl Evgemwtass The subjocts
were enccuraged to pedsl upto complete sshimstion. In
the present study the eugometer was usad to s tudy the
physical work capsgity of the valummesess Figure A
shows a valubtesr working on tha eugONetars

o smmleneenatics vish Lmsi

All the 19 anae 4c woman, 18 anasnic men and 38
ansenic adolesce 4 vere supplamentad with oclemental iroa
of 60 mg of ferrous sulphata per day for 120 dsys. The
ssssenaatic voluntowwe were given a placebo tablet to
avoid diffesancistion. A supsavissr distridutad the
tablets every day after lunch break.
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The hasmoglabin and eerum iron levals were
ettimated aftar iron supplementation and m'cadpcr.d
with the initial values. The energy ewpenditure in
milling, lapping and in making & furrow was founc and
comparad with the earifier valugs.s similarxly the
differences in work output Lia the nunber of pleces
millad eand lappec was detammined. Also the physical
work capacity with an ergamotesr was neassured and
coapared vith the earlier values.
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IV. RESULTH AND DISCUSSION



IV, RESULTS AND DISCUSSION

The results and discussions psrtaining to this
study on “"Anaenia and Wogk Output® is discussed under
the following headings:

1.

de

Nutricional status of the voluntears

a) Meah food and nutrient intake of the
volunteers

b) Mean heights and weights of the volunteers
€) Mean serum frxon levels of tha volunteers
4) Mean hasmoglobin leovels of the volunteers
Pulse rate and blood pressure of the volunteers

Energy expendicure of the voluntears as
estinsted with Kofranyi Michaslic respizometer

Wwork output in csrrying out the specific
aotivities

Physical work capacity with an aleetricsl
srgomater

Impact of iron supplamentation on the
voluntaers.
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The food inkoke of the aduit males both anaeming
and' nor-anamice was adequaste with respect to only milk
and milk products, The intake of all other foods wars
inadequate. ‘lowever the intake of graen lcafy vegetables
and jaggexy ware higher anong the aoneansenic males than
asong the anaenic males.

The maan food intake of the ansamic women was
inadecuste with respect to cereals, pulses, green leafy
vegetablee, other vegetables, roots and tubers, fats,
meats, £ieh, agg, sugar and jaggexy. It was adeguate
only with respegt to frufts and milk aad milk procduces .

The myan food intake of the anamic adolescent
boys was inadecuate with ragpect to all the foods and
grown leafy vegetables were totally missing. The mean
food intake of the ron-ansemic boys was adequate with
respect to Gegxeals and fruits., They had conNumEs Some

amount of grecns at loast.

Takle IX presants the meean nutrient intake of the
volunt aere



31

0% §0°ZC €1I*¥2 0% 24 24 0s TLeey oo (Duy D UTERITA
L*l €L°0 99°0 zel o1+l geol 9L°0 TL%0 (Bury wTARTIOATY
Sel 80°1 80°Y 1°1 9z°1 | i ¢ e 80 (Ow) euTweTylL
OSsL OLE SL°StT OSL 99 OSsL 8Ls 61L 33\ Tou ¥38Y
- 4 L ~ 4 oe ot o1 oz <14 ) ¢ 4 (Bm) uvox)
OOS=C0Y 347 s % % 00S=00Y L8 00%~00Y oS 1 4 -4 (Dw) emyd>TRD
00Ce 892 ) § & 24 oot? 0002 o082 T s 4 ¢4 (sTeO*%) LBa0UT
09 1+ 1 4 4 sy 42 11 1 23 (35 (B) wgeoaa
.......................... - W W Wh W O S AR TS AR W e O e
zast 2861
Z861% sbduen 200
sSeOURAO T T® -OTTe PP ~UeROTI®
POPUSEINOD DTUNSUY OTEOVUY «ONAI0D DIUOeUVY  =pDUSEmIOD oo SWOTIINN
-3 MROI uon -8 WO By HHDY =RUY-ION IDFWORUYV
@ G0 GN WD Wn WS P TS GF G° WH G G5 On G5 A OB UG AP OF 6 U W 4R W IR VR WR Gn W A5 W S W W W B W @
slog JWeOBITODY TOWOM YN

SENTINMIOA THL 40 TVINYI LRI THINN NWEW

IT IMavyL




52

T™e nutriont intake of tha anasmic man wgs
inadagmate with referesee to all the amxients vhen
compared with the rawssmended dietary sllewsaces.
Howevor the dlffwssmee vas marginal. The nutrient
intaka of non anasemic men was bettar and their intake
with refecsnss Lo calciun, iron and thisming was aven
sbove, the rescamssded dietary alicwsneat.

Caleunlstion of the mean nutrient intake revealed
that the intake of enargy, lron and retinol vas issduguste
for anasmic women while the intake of protein, rithmfiawia
. fapd and vitanin C was only slightly insdegsste when
comparad with the reteamiatief allswepead.

In csse of anammic sdsletssnt boys the intake of
protein, energy, calcium, retinol, iron and vitamin C,
fell balow the yeommmoiad allorsmews. The intake of
aoeseppERias was much better with referwse to protaein,
calcium and iron and tallied well with the rusnusanded

These rasults on food and nutrient intake reveal
that theo intake of iron rich foods is low anong anaemics
and the same is batter amorny semEneMRiss among the
diffareit groups studied. This low intake of iron rich
foods ie sefledted in the nutrient intake where the fron
obtained from the diets of snesmie® are lower than the
values recorded by the non-animnici.
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Individaal dsta partaining to the food and
nutriant intake is given in the Appendix 4.

Table IIIhighlights the mean height and weight of
the voluntaeers.

TABLE 11X

MEAN HEIGHT ARD WEIGHT OF THE VOLUNTEERS

»
.-'--....--........'.--..'...‘

Mean St Mean ‘gt

GCroups Number Height value veight Value
in om bvileg LR«
Meng,
Ansemic 18 165,.6 4843
_ OOBB 0.5’
Hon Anaemic 4  166.2 , 50
Homens
Anaanic 19 13511 44
Anaenic 38 165,6 067 47,0 Q773
Nom Ansemie 16 166.8 47.8

L B B B B BN BN N BN BN BN I OB BN BN N O N AN BN EEREE
1

The volunteers for the present study were so chosen
that the age grouwp in each category was comparahle. The
male volunteers ware in the age grou; of 24 =« 29 years.
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The mean height of the anaemic man wae 165.6 om againet
166,2 oa recorded by the non-anaemic w.v In case of
women volumtaeers the age group chosen was 20 « 21 years.
They recorded a mean height of 151.1 cm, and all of them
were anasmic. Hon~ansemic women volunteers were not
avai labla for the study. Adclescent boys in the age
range of 17=18 yoars wer: selected for the study. The
anaamic boys rocorded a mean height of 165,6 on against
166.8 cm recorded by the non-anasmic group.

The mean weight of the anaamic male volunteers was
48.3 kg as against 50,0 kg registerced by none-anagmic
groupe. The mean weights of the anasmic famale volunteers
was 44 k3. The ancemic boys racordsd & mean weight of
47 kg, while tha non anaamics recorded a mean weight of
4748 kge

The mean weight of the men both anae:ic and non~
anaamic wes lower than 355 kg, the weight of an average
Indian man. lowever the mean weight of wvomen was almost
near the average waight of an Indian wonen vho weighs
45 kge The mean weight of the adoleeent boys was lower
vhen compared to the mean wveights of an average adolescent

boy «

statistical analysis of the hefghts and weijhts
raevealed that tha differences in heights and waights boetween



anagunic sand non-snaemic man and anaenic and .non-anaemic
boye was not statistically significant. This is

essantial for the study as great differencee in height

and work output mey influence the work output and energy
expenditure of the individual. 7To attribute: the
differances in onergy expendituge to the state of

anaania, their heights and weights naed to be statistically
insignificart,

ol

Individual data sbout hajights and weighte are in
the Appendix S.

Table IV putsforth the mean serum iron levels of
the anaemic and non-ansemic volunteers at the start of
the study.
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TABLE IV

MEAN SERUM IRON LEVELS OF ’I'HR VOLUNT EERS

Mean Saerum
Groups Number 1iromn levals 't' value
in /.clloo nl
Hegs,
4,366**
Non=anasmic 4 $6.0
Homent
Anaemic 19 49,3
Mon=anaeaic - —_
Awelaseant LOYSs
Anacmic 38 54.3
‘. “Oit
Noo—anaenic 16 6945

**significent at 1 per cent level

»

According to the Institute of Central America and
Panana Nutrition Programme (1972) (INCAPNP) Serum iron
levels lowar than 45 ug/100 ml indicates high rigk, 45 = 59
ug/100 ml indicates moderate risk and above 60 ug/100 ml
low risk.

The anaaaic wen in the present study registered a
mean serum ilron value of 5449 ug/100 m) against 66 ug/100 ml

racorded by the non anaenis groups The serum iron vim




S8

levals of the snaemic women was 4%.3 ug/100 ml, Tha
anaenic agelescont boys reglistared 54,3 ug/100 ml against
695 ug/100 ml registered by the non-anasmic boyse.

Comparing these values with INCAPNP values all
the anasmic grouns tha men, women and adolescent bors
were at moderate risk.

statistical analysis betwaen the val.es registered
by the ancemic and noneanaemic mant and betweon the values
registered by the anaemic and non~anaemic adolescent boys
revealad that thers was a significant difference at }

per cent level, between both the groupse Indi/dual senum
vion  values  gre Givew o~ the  Appendix 6

qa)

Table V presents the mean hasmoglobin levels of the
voluntaers at the beginning of the fnvagstigation,
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TABLE V

MEIAN HAEMOGLOBIN LEVELS OF TME
VOLUNTEERS

..--..D'.'-..-."-‘..--'-‘-..‘
anbe M:m).“mel :o- ‘s
N r bin lavals 4in t

Croups g/100 ml value

a
--""‘--*“‘-Q---’--‘ - e A W e e W e

Heng
Anaemic 16 9.7
Nonwanasnic 4 13.3 16,8674
Ssuberlich (1976) 12,0 \
Anaemic 19 8.8
Nonwanag:dc -
Sauberlich (19768) 10.0

Mplescent Lovss
Anaanic 38 10,0
Non~anaemic 16 12.9 19,140
ssubsrlich (1976) 12,0

wegignificant at 1 paer cant level

All the 18 adult men were anaanic as per the
values of Seuboriich (1976) who considexs levels bslow
12 g/100 m} to bs anaemice The mean value registered by
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the four non~anasnic men were above the 12 g/100 ml
confirming that they were non=snasnice. Thae anaamic
boys had registered 10 g/100 ml and noneanaemic boys
had registeraed 12,9 ¢g/100 ml. The anaemic women had
registered a mean fulue of 8.8 g/100 ml which was
really a very low value against 10 g/100 ml of
Ssubsrlich (1976) the ainimum they are expectad to

have.

Statistical analysis between the valuss registered
by the anasnic and non-an;um men and between the values
registered by the anaemic and non~anaenic adolescent
boys revealed that the values ware significant at 1 per cent
level. It vas important to choosae such voluntaogrs with
signif icantly different values so that it would be
possible to attribute the differences in the actvities
to the differences in the haemoglobin levals.

Individual hasmoglobin falues are given in the

Appendix T
2 P and B P : v
Table VI highlights the mean pulse rate of the

volunteers participating in tha study befoxre and after
the activity, recorded at the beinning of the study.




TABLE VI

MEAN PULSE RATE OF THE VOLUNTEERS BEFORE AND AFTER THE
ACTIVITY

Pulee Rate
GROUpP Number » ®« @« e oo o v o oo w
Before Aftex
activicy sctivisy

B OGD WP G G G s T G W WD G G G T A A WS R ER W W Y AR W A G W W A

Hens
Anaamic 18 63 118
Non-anaanic 4 77 111
Homany,
Anaemic 19 82 120
Hormaneeaic - - -
Adolasgent boyes
Anaamic 38 76 124
Non—anaemic 16 5 122

A9 {8 evident from Table VI thare was an increase
in pulse rate after doing activities like profile msuyq.
match lapping and rough lapping in men; slot milling and
lapping in casa of women, and naking & furrow for sugar
cane plantatisn in the case of addolescant boys. The
dfferance was observecd among all volunteers irrespective
of whether they ware anasmic or non-anasunic. However it
was noticed that the rate of increase in the pulse rate
was more for the anaemic men and anaenic adolescent boys



whan compared with their noneanaemic counterpacts. This
increased pulse rate among anaanic men and adolescent
boye may indicate that thay had to put in a higher

effort to do the sane activity, becouse they were anammics
Indivicual pulse rates cbservaed before and after the
activity i given in the Appendix 8,

Table VII depicts the mean Plood pressure of the
volunteers before and after tha activity for a specified
period of time,
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TABLE VIX .
MEAN BLOOD PRESSURE BEFORE AND APTER THE ACTIVITY

Blood pressure

aroups NBALEE " w w o oo o owowoee
Before Aftex
activity activity

--‘-O’“--ﬁ‘-‘--ﬂ“-‘“‘--ﬂ-‘-"“
Hany

Anaenic 18 120480 133488

Nonmanaenin 4 123979 130483
Hopeny

Anasnic 19 1168479 13384

“W”mu . L . - _———
2glasgent boye)

Ansenie a8 118/60 136/81

Non-anammic 16 120/82 129/63

-““"'ﬁﬁﬂ'ﬁ"ﬂ“l"-.ﬂ...'ﬂ.‘.-

Both the systolic Etomro and diastolic pressure
appaared to incresse on performing the activity irreepective
of whether thay wora anaenic or noneanasmic adults or
adnlescents.

Inddvicual blood pressure olserved Lefore and aftery
the activity are given in the Appendix 9.
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T™he anergy expended for the dlffaerent activities by
adult men volunteers both anaanic and non-anamnic is shown
agaimet their hammoglobin valuee in Table VIiI.

TABLE VIIX

sNERGY EXPENDED BY MALE VOLUNTEERS FUR THRER EIFFERENT

ACTIVITIRS
[ B TR BE BN B BN BN BN B BN BN BN BN BE NN BE NN BN BN BN BN BE BN BN BN BN BN BN BN ¢
Mean Moan onexgy
Activity Hunber hasmoglobin axpanditure
level in in Kcal/mt
g/100 m1
Anaenic mens
Profile milling 6 9.7 4,196
rowgh lapping 6 9.6 3.39
Match lapping 6 87 3,924
Nop-anasuic ment
Profile milling - - w—
rough lapping 2 13.9 3,028
Match lapping 2 13.2 3.33

Table VIII clearly shows that & mean anergy
expanditure of 4,196 Kcal/mt was required to uncertake
profile milling by anaemic men whoee mean hammoglobin
lavel was 9.7 g/100 mle A pean 3,391 Kcal/mt vas required
to carry out rough lapping by anaenic men whosa mean



haamoglobin level was 9,6 mg/100 ml, On the other hand
only i;ozs Koal/mt was regquired by nommanasnic men vhoes
mean haamoglobin lvels was 13,3 g/100 ml, It is evident
£rom this table that men who have a higher hasmoglobin
leval and vho are not anaenic expend relatively less
anargy to perform the same activity vhen wmpared to
thogse who are anasnic. This confirms the facts that
anexgy expanditure 1is reduced with an increase in
hasaoglobin levels, which might indirectly make it
poseible for the fndividual to work for a lomger time,

Table IX shows the relationship batwesn onargy
expanded and hsencglobin lavels for two agtivities by

adult women volunteaers who ware anaanice

TABLR IX

BRERGY EXPENDED BY VOMEN VOLUNTSERS

“
L B BN BE NN B OB B OBE O NE BN NN BN R BN B AR NN BN O NE B BN BN N A BB BN BN AN

Meow Mean aenexgy
Humbar hasaoglobin expanditure
Activity loval l'4:{./10:'.- Keal/mt
Anaepic woment .
Slot miliing o 8.0 4,140
Lapplng 10 8.8 34 604



The mean hasaoglobin level of 9 adult women who
were doing slot milling and 10 adult women who were
doing lapping was 8.8 g/100 ml and the energy expended
to cerry out thase astivities were 4.140 Rcal/mt and
3,604 Koal/nt respastively, Since thare were no
controls ~ that is no asmwsnasaie women doing these
astivitias it was nok possible to compare the cquantum
of energy expended, with haamoglebin levels,

Table X presants the eneryy aipended by adalesasns
boys for preparing ridges of ¥2 foot height and ons foot
viath of cospesified length in & specified tizne dixatim
KOr SUSEreaais pPIASLELISN.

TABLS X

ANERGY BIPENDED BY ADOLASCENT BOYS FOR PREPARING FURROWS ‘

Mcan Mean anoxgy
" Number hesmsogleidin expenditure
Foupe lavel Keal/mt
) /100 m}
Q-QQ-‘OQI‘“QOOO-QQO---Oﬂﬁ-“‘ﬂﬁﬂ
Anaeaic boys 33 10,0 ' 4,128
Kewvasaenic boys 16 12,9 3.801

It s ovident f£rom table X that there appears to

be an inverse relatiesship betwoaen the moan hewseglhelef: ”

lavels and the energy expandeds .t <% I ko meuls




AT s SEETY TEes. A8 the hasmeglebin lovels
increase, thare i 8 decresse in the anount of enorgy
required to carry out a gpecific sctivity. 1In this
study the adolessst Loys who vere anaemic (10 g/100 m})
spant 4.125 Hcoal/mt while diggin, tha furrow against the
sen-ammenis boys (12,9 g/100 ml) who required only 3.801
Kcal/mt for caxrying ocut the came sctivity, It fe
possible that those who spend nara onergy would get
wxhausted fastor than those who spend less cnergy, in a
spenitied tirmn.

The individual enhergy expenditure for all the
Gifevent activiites by the differant zoups oOf
veismmeate is given in tha Appendix 10.

4

Table Xi xings out the mean work ocutput of the

anagnic and apmeamaamic adult men and woman during a
specified tima,
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TABLE XX

MEAR WORK OUTPUT OF THE VOLUNTEERS

'
‘““.."‘..Q‘..‘.ﬁ.'.‘.‘.“.ﬂﬂ‘

Activity during a Hork output

Growpse No aight hour shift intoerns of 't value
nunber of
pleces
‘Oﬁﬂ“Q“*““ﬂ*“."“-.‘“‘~ﬁﬁ‘*“~““
d¥en
Anaamic ) Profile milling 276
Anaenic 6 Match lapping 104 1.84
loneanaemic 2 Match lapping 128
Anagmic ) Rough lapping ‘ 163
3047
Non=anaemic 2 Rough lapping 222
women
Anaamia 9 Slot milling 1100
Anaenic 10 Lapping 23

*significant at 3 per cent level

Table XI reveals that in an eight ocur shift 276 piaces
were turned cut inprofile milling by ansesic men. The mean
nunber of pleces turned out in match lapping by anaenigc men
were 104 against 128 turned out by non-anaenic men. Similarly
rough lapping could be dons on 165 pieces by anaemic men
againel 222 pieces by nonwanaemic men in the specified time
pested. These results indicate that non-anasmic men parform
batter and their work output was higher when compared to the
ansenic men. For slot ailling 1,100 pieces, and lapping
21 pieces could be completed by anaemic w, No comparisoms




for this was poseibdle $nitially as thers were ao non=
anaenic women, performing these activities.

Statistical. anslysis rovealed that the
differancee in the number of pleces turned ocut was not
significent for match lapping, However the differences
for rough lapping was statistically significant at
S per cent lavel, ' :

Table XIl shows the mean coverage in tems of
langth by the addlaszgent boye both aaenics and non=

anaanice,
TABLE XIX

MEAN LENGTH CUWERED BY THE ADOLRSCENT BOYS

Activity vork oute
Groups Humber for 10 put in
minutes tems of A
length value
g coveraed
in £aet

W A G W A WD N W G A W A D Gy W W A W W W A W W@ e »

Anaamic k Preparing 4.8
furrovs . 14,90%

Hon=anaemig ‘ 16 54.1

srgionificant at 1 per cent level
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During a specified pariod of 10 minutes the
anaanic boys propared furrows of 34.8 feet longht uhile
for the same time non-anaenic boys could prepared furrows
of 34.1 feet length which was about one and half timas
more length covered than that covered by the anazenic
boys. Again here it appears that the woxk ocutput by

non-anaemic boye is considarably highar than that of the
anagnic boaysi indicating that anaenia affects the work
output,

Dif ference between the length covered by the
anaganic and noneanaenic boys was statistically found ©w
be significant atfl per caent level.

The individual work output by all the different
groups of volunteers is given inAppendix 11.

Table XIIX depicts the physical work capacity and

pulse rate bafora and after exrgometgy.



TABLE XIII

PHYSICAL WORK CAPACITY AND PULSE RATE BEFORE AND AFTER
BROGRETRY

Resistance —ibe T= a0 pulse

Groups  Number applied in gg:‘;:_ rate
watts hw‘tim--nmdu‘.
ingoco. before After
nds ergo= argo=

. mety metry

A W we W W N T W U GG T WS N YD A D s W W G W S S

KN

Hea
Ansenie ¢ 278 89 79 149
Nonwanssuic - - - - -
Anasmiq 9 68.7 68 ” 148
Non-anasnic - o L - s -
adelssems _bors .

Anaanmic k) vy 10 78 144
Nom=anaemic 16 273 118 76 141

3 B OB B B B NE N BRI BN AR OB B NN BN N BN B BN N B N B NE B N BE AR

while the resistance applied was 275 watts, the
anasaic man got edhausted in an exgometry ind9 seconds.,
The anagmic woman got axhaustad in 68 seconds vw; a
resistance of 68,7 watts, Tho anaenic adolesoent boys
for whom a resistance of 273 watts was appliad got
exhausted in 101 saconde of recorded by non-ansemic boys.
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This again goes to prove that for non~anaamice endurirng

physical capacity is more than the anaemics.

The pulse rate had incressed for all the groups
after argoammtyy, irrospective of whather they were

anaeni - or non-anasmice

The individual pulse rate and tha time roquired
for sxhasustion on an ergometer is given in the Appendix 12.

Table XIV puu{Ecteh the mean serum uolf-nlu before
and after supplemsntation with iron tables.

TABLE X1V

MEAN SERUM IRON LEV:lS BEFORE AND AFTER SUPPLEMINTATION

--'--‘.-.....I“--ﬂ.’..--..-..‘
Hean Serum Iron ug/100 ml "o
Grow:s Hunhey o s o e cw cec’'vensseoe

Before Aftar supple= value
supplemen= mentation

tation
bhndﬁoﬁhtunannunﬂnu--oﬁo-onc&can
Hen.,
Anaamic 18 S54.9 5.6 12,12
Anaenie 19 49,3 70,3 13,0200
Anbamic K-} 3443 74.7 G588

sas5ignifigant at 1 per cent level

|
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AMuilt anaemic men recorded a msan serum iron value
of 34.9 /w/xoo ml before supplementation which roee to
75.6 /uu/loo m]l after supplementation., For adult anaemic
woman the value increassd from t’.J/m/mO ml to 10.3/::/
100 ml. and for adolescent anaenic boys the value increased
from 34,3 /w/mo ml to 74,7 /m/mo ml. Statistical
analysis of the data revealed a significance at 1 per cent
ival, berwean all the grouws, befores and after supplementation.

This confirms the beneficial effacts of iron
supplementation £or all the groups with reppect to their

serun iron lavals.

11;9 rise in serum irom levels is given in Appendix 13.

Table XV presents the mean haenoglobin lovels
bafore and after supplomentation with iron tanlets,



TABLE XV

MENT HABIOOLOBIN LEVELS BEFORE ANDL AFPTER SUPPLEMENTATION
"WITH IRON TABLETS

...“'--Q.""“Q...ﬁ"ﬂ".‘ﬂ"‘
Maan Hasmoglobin
) leval in ¢/100 m}
Grouns NUNDAY e w o @ = ww cw wowooee tet yalue
Before esupp~ After supp~
lamantation lemantation

.-““‘““‘-”“’--““"-*'~~~““-‘-‘

Han |

Anaenic 18 De? 13.2 11,60
Sauberlich (1976) 12,0

le: i1

Anaemic i9 B8 11.9 20,3120
Saubexlich (1976) 10,0

Adolegcent bore

Anaamic 38 10,0 13.4 T 7900
Saubarlich (1976) 12,0

se5icnif icant at ona par cant level

As 15 avigent in table XV tha mesn hasmcglobin levels
had increased for anaenic men £rom 27 g/100 ml to 13.2 ¢/
100 ml for anaamic women from 8.8 g/100 ml to 11.9 ¢g/100 ml
and for ansenic adolescents boys from 10 ¢/100 ml t8
13+4 g/100 ml. statistical analyeis rovealed that tie
increase was statistically significant at 1 per cent lavel
for all the grouce. This brings out the beneficial effects of
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supplamentation of iron to the anaenic mon, wvomen and
adolescent boye with their hsemoglobin levels, The same
is sean evidently in figure B,

Similar incresses 1in haenoglobin after supplementation
with iron hae bean reparted by Basta gt 3l (1979) who
found that after 60 days of supnlomentation the
hasucglobin values increased significantly,

The rise in haanoglobin levole in the ansemics ie
given in the Appandix 14.

Tables XVI brings forth the meon diffaerences in the
pulse rate tefore and after activityy before and aftaoy

sunplamentation,
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TABLE XVI

MEAN PULSE RATE OF VOLUNTEERS

Pulse Rate

W NP W WP WD AP Gk WS e W - W e ah S WY D e W
Bafore After
Groups Humbay supplamentat ion supplanent ation

Q*ﬁ-"--.--QQ--QQQ-Q

Before after Befora After
activity activicy activity activity

.-““-ﬁ‘--‘“-ﬂ-“‘-“ﬂ‘--"--‘“-.

Anaamic 18 a1 1185 78 111
Anaenic 19 82 120 80 116
Agolsscent BSoyy

Anaemic 38 7% 124 73 122

It ie natural that the pulse rata incroases after any
phiysical work, It wes interesting to note in the prosent
study that in all the groups studied, the rate of increase
in puse rate sfter supplementation was lower after performing
the same activity as compared to the rate of increase in the
pulse rate bafore supplemontsation. 7This probably indicates
that the Lody axerts less when normal hasmoglobin and serum
ixon lavals are achieved, for performing an actvity and has
tO exert more to perform the same activity if ansemic.
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Iron supplamontation may be henaefical in maintaining the

pulse rate nocmal.

The indivicdual pulse rate after iron supplementation
18 given in thae Appendix 15, ‘

Table XVII highlights the blood pressure levels
before and atter activity, befcore and after supplamantation,

TABLE XVIZ

MEAN BLOOD PRESSURE BEFCRE AND AFTER SUHPLSMENTATION

Blood Preseure

Bafore Afcex

Crouwps Nuabog supplomentaton supplementation
OQQOQwao--Qab----—_t‘ad
Bafore After Before After

activity activity activity aoctivity

0*”“-?‘_"&.“’---.-‘-O--"*Qﬁﬂﬁﬂ‘.‘

dan

Anaenic 18 120/81 133/88 120/82 130/88
Anasaic 19 118/79 133/84 119/77 177/64
Molagscent Boys

Anaemic 38 118/80 134/01 121/81 131/8%

There may be & mild change in blood pressura after
activity. In the present study the change in blood pressure
vas comparstively lees after supplementation than bhefore
supplementation for all groups studied,
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The fndivicual blood pressure after supplamentation
is given in the Appendix 16.

Tabla XVIII brings ocut the impact of supplamantation
on the energy expanditure of the volunteers.
TABLE XVIIX

IMPACT OF SUPPLEMENTATION OF THE ENERGY
EXPENDITURR

Mean anargy oxpen~

diture
Kecal/mt.
Activity HUMDOE = © o @ @ o o e w=w o wwee 't yalue
Bafore Aftaxr
supplavan=  supplanche
tation tatton
Anagnig pen
Profile milling 6 4,196 3,926 4,500
Rough shapping 6 34391 3,064 3,08*
Hatah lapping ] J.934 3,289 3. T76%*
Agsenic women
Slot millding 9 4,140 3.524 5.,133%
Lapping 10 3.604 30 200 64 D20
2oasniq adojescont
boys k| 4,125 ‘30701 6, 704%*

""‘D&O’U’.ﬂﬂ..‘!'ﬁ&‘..t&ﬁ..ﬁ“'
"t Significant at } par cent levol
* significant at § per cent lavel
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The mean anergy expenditure in K.Cal/mimite was
less for all the groups studied for the various
activities vhan comparaed with the bafore supplema:tation
valuee., And the differencos betwsen the Lefore
supplementation valuss and after supplamentation values
ware significant at 1 per cent lavel for all the groups
and for all activities with the exception of rough
lapping vhare the significance was at 3 par cent, These
results indicate that the iron supplementation may be
helpful in conserving onargy and posteponing exhaustidn.

Incdividual anergy expenditure after supplementation
e givan in the Appandix 17,

*

Table XIX tabulates the impact of supplemgntation on

the physical work capacity and enargy oxpenditure on an
argomaters
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The anammic adult man and adolascent boys got
exhausted in an ergomater in 89 and 101 saconds
raspectively before izon supplamentation and the same
mon and hoys after iron surplementation and improved
haanaglobin lavels got exhousted in the same ergometer
applying the eane rasistanco of 275 watts only after 122
andé 140 saconds raspeatifely.

The anaguic adult woman got exhaustad in an
ergonster in & seconcs before iron supplomentation and
the sane woman aftar iron suppl mentation and improved
hasmoglobin levels got axhaucstad in the same ergomater,
applying the samg resistance of 63,75 watts only after

82 soconds.

This abilicy to perform en actvity under resistance
tor an increased arount of time in all tho groups may be
attributed to iron supplementation. Gopalan (1973) andorses
this view by reporting that work output depands on physical
afficioncy and anaemia profoundly affocts the work

pearformance,

The energy expenditure while working on the ergometaer
was also recorded and the results rovealed that in all the
groups studied the energy expanded was mors before iron
supplamantation and the came raducaed after supplamontation,
For adilt men it was re-wced from 5,188 xXecal/mt to 4,736,
for adult woman £xomi.l54 to 4,731 Kcal/mt and for adolescent
boys from 5.057 t0 4,593 Kcal/mt. reepactively.
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Statiotical anslysis ravealed that the snergy
expended befora and after supplemantation in adolescent
boys and in women was significant at 1 per cent level while
in the wen it was eignificant st 5 per cent level.

1t is avident from the forogoing analysis that to
parform the came activity for the same amount of time the
aneryy value cen be roduced if the haemoglobin levels could
be improved, -

and
Tha onaoryy eapaaduc'\tha time roquired for exhaustion

on an argometsr 18 givan in tho Appandix 18,

Table XX drings forth the mmt of iron supplementa :

-

: ; tion on the wark output by the dlifwt groups of o €l.,, L
{- ".—:”"-,.._ yoluntoers studied. -7
! :t;l, :‘" . ‘ . A ‘¢§ ":&"1" - e
rald ‘”;-——
[ » .
e ",
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TABLE XX
INPACT OF IRON SUPPLEMENTATION ON WORK OUTPUT

Mean work output
in terms of

pieces
Activicy Humbar o o @ e s oo co o 's* value
Before After
supplamern~ supplenaen~

tation tation
W W U G Y Wk A AB W AN db Y G A G W G D A T W D W W O T O ap T s e @ W
Abaguic men
Profile milling 6 276 350 4.40%0
rough lapping i 168 237 4 T500
Mateh lapping 6 s 104 141 4,680
s5lot milling 9 1100 1208 2.699*
Lapping 10 21 31 4o520n
Anagndg boy
Preparing a furrow 38 4 e 16,18+

ssignificant at 3 per cent level
*254ionif icant at 1 per cent level

Mel who wer: anaeuic at the start of the study and
subsequantly becane non~anaemic because of iron supplementation,
turned out 330 pleces in profile milling in an eight hour
shift against only 276 piecas turned out before supplementation,
For rough lapping it was 237 pleces after supplementation
against 165 pieces before supplementation, and for match
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lapping it was 141 pleces after supplementation against
104 piaces bafore supplementation,

vogen who were asnaemic at the start of the study
and subsequaently became non=anagmic because of iron
supplamantation turned out 1,208 pieces against 1,100
in slot muun? and 31 pieces against 21 pieces in
lapping after supplementation.

Adolescont boys waere anaemic at the starxt of tho
study but subsecuently becamg non=anaamic becausae of tha
izoa supplmmentation prapared a ridge of 60 feet againet
34 fost before supplamentation., statistical analysis:
dapicts & 1 per cont significance between bafora and '
after supplementation, among the different grouprs except
for slot milling vhere it was significant at 35 per cent
lval. Pigure C shows the increase in work cutput
dl agramatically.

<

This viav that iron supplementation fincreases the
work cutput is endorsed by tdgerton gt gl. (1979),

These rosults Lring home the act that iron
supplema. .tation is definitely beneficial in improving the
work output of adiltmen, women as well as adolescant boys.

™he individual increasa in work output on iron
supplamentation is given in theAppendixn.lq
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Ve SUMMARY AND CONCLUSION

The study on "Anaemia and work output * was
carried out with the objective of finding the relationship
Letwean anaania and work output and the impact of irxon
supplamantation on salected anaemic men, women and
adolescant voluntaers., Noneanaenic volunteers vere

available and studied for men and adolascent boye.

The anaaaic volunteers were studied with
raferance to thair dletery intake, haemoglobin and
sarum {ron levels, work output in tems of number of
pioces turned ocut, pulse and blood rressure rates, anergy
expenditure and physical work ¢apacity on an exgometar.
The values achiaved by the anaamics were compared with

the non—anaamicsS.

sach of t?w anaenic voluntears ware fed 60 mg of
alemental iron every day for 120 days. After this period
of supplementation the volunteeré ware &Gtudied agein for
the various factors menfioned abova, and compared with
befors supplamentation values, 7The results of the stud
tndicated the following facts.

1« The mean food intake of the noneanaenics was
bestter than the anzemic volunteers, aspecialy
with referance to iron vich foods. However
in general the intake of all the foods and
nutrients were below recommanded allowances

for hor.h the Qgroupt.
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The mean serum iron and haemoglobin levels
increasad aftar supplementation for all the
anaenmic groups and had recorded normal values.

The extent of increase in pulse rate and
blood pressure were relatively less after
supplamantation w' ile performing the sane
kind of activitiea, findicating probebly a
batter cardiac and pulmonary efficliencye.

Iron supplamontation cofberves energy and
haamoglobin levals seam to have an frwerse
r:lationghip with the anergy expended.

The work output was increased after

" supplamentation suggesting that iron deficlency

anaenia Gecreases the productivity and
supplenentation with iron fmproves work
output. This was clearly seen in regard to
their aifferent activities,

The physicel work capacity on an ergometer
improved significantly after supplementation.

£l

These results lead us to the conclusion mn)l:r. on
supplementation is definitely bensficial to working
population groups and their work autput can be romarkably
increased by suitable supplamentation. ‘
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| APPENDEX » }
ESTIMATIOCN OF o RUM IRON « DIPYRIDVL METHOD

ERINCIPLEL

Perrous iron gives a pimk color with 2,2
dipyridyl. A sclution of dipyridyl in acetic scid is
added to sorum followed by a reducing egent. PFrotain are
ramoved by haating in boiling water and then centrifuging.

BEAGENTS

s 2,2 &ipyridyl = 0,1 percant acetic acid 3 percent VAV

de sO4ium sulphate O.l m

3¢ Chlorofoxm

4. Standard solution containing 200 micrograms of iron/ml

S« VWorking standard « dilute 3 ml of the stock solution to
100 ml with watar to obtain & solution coataining 3 mg/ml,

EROCEPURE

Mix asqual volumas of saxum, O.,1 m sodium sulphate,
and dipyridyl reagent in & glass stlppered tubs which can
be centrifuged, Heat in boiling water for five minutes,
Cool and add 0,1 ml of chloroform, stopper and shake
. vigourely for five minutes at 300 r.p.ms If the supernatent
is not completely clear, rapeat the shaking and centrifuginge
Read st 520 m7 standard in the same way.
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caleulation
Hi-croaru;l iron per 100ml of the serum
- oDo2Gings of unkoowd _ » 300
Roadinge of etandaxd

The readings are linear with concentration to st
least 500 paexr 100ml. To obtain acalibration curve, dilute
5 ml of the stock standard to 100 ml with water and set up
tubas containing Ocd, 08, 142, 1¢6 and 2,0 ml of this, make
cach to 2 ml with water and devalop the color as described
above ard read againet the blank. These correspond to 100,
200, 300, 400 and 300 ug per 100ml. |
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APPENDIX =~ 2
LOBIN BY CYA 3! OGLOBIN

The hasmoglobin ie treatad with Meu
containing potassium ferricyanide, potagssium dihydrogan
phosphate. The farricyanide forms mathaenoglobin shich
{8 converted to cyanmethsemoglobin by the ayanide,

SAG S

1. Drapkin’s diluent solution

sod¢ium bicarbonate ig¢g
rotaseium cyanide o,os g
rocassium ferricyanide 632 g
Distilled water 1 litre

This solution is presarved in a dark hottle
and preferably under cold 8toragas Its praparation and
handling should be done with great care. Thie solution
should not be usad after it forms a precipitate st the
pottom of the storage bottlae

BROGEDURS,

1. ixactly 5 m} of tha drabkin'e ciluant solution is

| measured in to a dry testtube from 8 buretts (or) a
pipettae uith suction bulbe

2, kxactly 0,02 ml of blood ie cransferred fraan 8 standard
haemoglobin pipette into & diluent solution. )

Usual cara in £1illing and cleaning of loaded haemoglobin
pipette must be observed.



3. The pipette is 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 tuba.

5. Ten minutes time is alldwaed for the formation of
cyammethaemoglobin.

6s 5 m)l of diluent soclution is used as blank,

7. The readings are taken in photoelectric colorimeater
at 540 mue

Saliberation Procedurgl hichs
1. Total blood iron is determined by Wong'e method would
give absolute amount of haemoglobin,.

2. Exactly 0.02 ml of this known blood sample i@ measured
into %0, F.5, 10.0, 12.5 and 15.0 ml of diluent solution.
These are now equivalent to blood samples containing '
respectively 100, 67, 50,40 and 30 parcent of the original
haemoglobin concentration i, ~~—==.

3. The intensity of the color is read using & green fitter

at 540 ?H against a blank set at zaero optical density,



Determination of Iron and Haemoglobin = Wong's Mgthod,

P b § )

The 1ron':detadmd from the haemoglobin molecubes
by treatment with concentrated sulphuric acid in the
pz:esence of potassium per—-sulfate without heating. After
removal of the proteins by tungstic scid, the iron in the
filtpate is determiMmed colorimetrically. From the total
iron content, the haemoglobin content is rcadilly obtained,
since the haemoglobin conte;at is 0,34 percent of iron and
only 1 to 2 percent or less of the total blood iron is

nonhaemoglobin iron,

Reagentss
1 10% 3odium tungstate
2 Saturatad potassium persulphate solution
3. Potassium cyanide
4. 5tandazd iron solution
5. Working standaxd.

Proceduret

With an ostwald (cor) micropipette, aciu‘ately
transfer O.8ml of well mixed oxalate whole blood into a
50 ml volumetric £lask. Add 2 ml of saturated potassium
persulphate solution. Mix and dilute to about 25 ml with
watere Add 2 ml of 10 percent sodium tungstate solution.



Mix and ¢ool to room temperature under the tap, and dilute to
volume with waters. Stopper and mix by inversion, filter
through a dry, paper, collecting the £iltrate in a dary

flask. Prepare a standard in a second 50 ml volumetric

f£lask by addition of 2 ml of concantrated sulphuric acid,

2 ml of saturated potassium per sulphate and 2.3 ml of
standard iron soluction containing O.]1 mg of ferric iron

per mle Coo0l to room temperature, dilute with water éo the
mark and mix. Prepare a blank similar to the standard but
omitting the standard iron solution.

Measure 20 ml of unknown filterate, standerd and
blank £, necessary into seperate tast~tubes. To each
add 0,5 ml of saturated persulphate solution followed by
2 ml of 3 N potassium thiocyanide solution., Mix by invarsion
and read within the next thirty minutes, setting the colorimeter
to zero defxsity with the blank at 480 ?u.

Density of unknown
X 0,25 X ~43%~ X 4=y
Density of standard * *

= Grams of haemoglobin per 100 ml of blood
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APPENDIX « §

HEIGHTS WEICHTS OF MALES

W R WP W G BD e YO wn A AR Y G W W AR W W NS RS B GD YR G W T ap G S s 4D e W

Anasemic group Non Anaemic group
g
Mumber Age in Height Welght _— Age in Helght veilght
R At SDIE &idBe o

1 24 169 43 1 25 165 S0

2 23 170 45 2 24 161 49

3 24 162 46 3 23 163 43

4 25 163 32 4 24 165 46

S 25 165 30

6 24 168 44

7 24 164 50

8 23 167 1 46

° 28 165 49

'10 25 166 51
11 23 168 30
12 24 166 48
13 235 166 49
14 r{ ) 156 47
15 25 165 SO
16 . 25 160 47
17 | pé 159 48
18 24 172 52

- G an D WS G R o gn TP R Gy B G AP WD WD W e B P G R W W T s W W B e e



INBIVIDUAL HEIGHTS AND WEIGHTS OF FEMALES

--hﬂ-’-ﬁ------"--ﬁ---ﬁﬁ------ﬁ

Anaemic group

.--h"-‘—ﬁ------‘-—--Q---Q----Q

et - S N
1 21 150 40
2 21 163 43
3 21 155 41
4 22 152 42
5 20 155 44
6 21 163 46
7 21 158 40
8 21 157 45
9 21 156 47

10 21 153 47
11 20 156 48
12 22 135 45
13 22 154 46
14 22 157 41
15 21 160 43
16 20 159 43
17 21 158 46
18 20 le2 45

19 21 163 44



Individual Height and Weights of the Adolescent Boys

\ '
WO G G WS G AR Gh G AR AR e WD G W G we W T G YR G G @ e B B W G TR W W W W -

S isreca AN dgsmgadh b
Number 128 10 Mot lnwe Vb yOl" laem inkg
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 4s
5 17 161 44 5 18 167 46
6 17 164 45 6 18 165 49
7 17 167 49 7 17 165 49
8 110 166 SO 8 17 168 52
9 18 171 53 9 17 164 46
10 18 164 51 10 17 165 45
11 18 166 46 1 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 18 165 43 16 18 165 48
17 18 166 48
18 17 169 52

19 17 162 46

-ﬂ-.-n--‘-O--o---n--ounu---u‘aa&*n‘q




- em R S W A SR Ay o SR AR e TP S ME G WP ap R @) M E G W G WL B 9D W & T

‘Anaemic group Gew—aemaic growp
l‘fmber Ag: ai: Height Weight
in em in kg
20 17 170 43
21 17 165 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 4
37 18 168 51
38 18 164 45

e
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APPENDIX - 6

INDIVIDUAL S:ERUM IRON VALUES OF THR MALES AT THR START
OF THER STUDY.

W O W Y G A G S W D W AN G PP AP D W T N G B W T g G s A e T W

Anaanic group Non=Anasmic group

W o W W W A W G @D A G B G G WS AR N WD SN N G M WD e S W D an O W e

Number iJerwn iron Z’“Am Number Serum iron ug/100ml

“ G W W Wp W A e e W AN A WP S A G AR SR e WS W) W G e W W R W

1 s$o 1 w2
2 54 2 &3
3 se 3 70
4 58 4 72
] 30
6 45
7 54
] 54
® 3 -

19 60

11 62

12 49

13 36

14 59

13 57

16 59

17 54

18 59

“*> G AR A G0 W W G e W A W S Gy Gk G W WD as G G W W G G GF W B T G @O



INDIVIDUAL SERUM IRON VALURS OF THE FEMALES AT
THE START OF THE STUIX

-OQ‘-QOCOO-ﬂﬁnuoa-_---&QQQunu

Anaguic group

-Q--uﬁoaQQOQOO--O“OGQ-ﬁ#ﬁn-Q&

Number Sarum iron )un/‘l.oo ml

“-“‘Q--Q-‘“ﬂﬂ‘-“-“--“’O--"’

1 49
2 44
3 43
4 50
s 54
6 52
7 43
8 4
9 44

10 54

11 43 i

12 49

13 50

14 46

13 54

16 51

17 60

18 52

19 4

‘."--Q.‘Q-“”--‘-ﬂ‘ﬁ---".Q-‘



INDIVIDUAL SERUM IRON VALUES OF THR ADOLRSCEZNT BOYS AT
THE START OF THE STUDY

-“-““---Q-‘-QQ’”.’QQQ"-‘-‘“‘-

Anasmic grogp Hon Anasemic group
Humbes Serum iron ag/100ml Numbag acﬁn Gﬁilm
R IR T LI T I e

) § 93 | 65
2 50 e 6l
3 53 3 62
4 $2 4 70
S 58 3 75
6 49 6 64
7 49 7 62
8 50 8 65
9 53 ® 70
10 57 10 a8
11 53 11 7
12 84 12 63
13 55 13 70
14 $1 14 7
15 58 15 7
16 32 ie 82
37 58
i6 3
39 54
20 3 §



WD A G G AN P G B R A G TR D D W AR YW T a W W

Anasmic group
U g
Numbex serum iron ag/100 ml
B e L L L

21 49
22 $3
23 83
24 58
23 37
a6 50
27 $7
28 52
29 s3
30 60

a 61
32 63
33 60
k2 32
33 37
36 36
37 62
38 30

“_“--Q‘Qﬂ“‘-“ﬂ-“”‘“-.ﬂ‘ﬂ-



APPENDIX 7

INDIVILUAL RABMOCLOBIN VALURS OF THE MALSS AT THE
START ¢F THE STUDY

‘b‘“ﬁ-ﬁ'““ﬁ“‘-’““*‘"“-'---~

Anramia agroup Non Aneamic group
-b‘“”n“--wu““‘-‘-ﬁ“"“‘Q‘

Q‘-l.“-"‘-QQ‘-'-“-”‘--‘,'"‘-

P

o2 A 13.0
3 9.6 2 13,5
3 10,6 3 13.1
¢ 10.1 4 13.9
3 9.0
¢ 2.5
? 9.8
8 9.4
’ 10wl

10 9.5

1 9.0

12 10,8

3 9.4

14 9.8

13 9.5

16 10.4

19 9,1

18 9.3

“ﬁ-ﬁ‘ﬂ---ds“n-‘c-uaQQQ-Q--Q--
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INDIVIDUAL HABMOGLOBIN VALUES OF THE FEMALES AT
THR START OF THE STUDY

v

Anasmic group

A
. ﬁorﬂoﬁo-wﬁnhanmnnunnun-nb-b ‘
Numbar Maamoglobin g/100 m) i
- - o -oqu«on&annﬁ!q-ow-wnau -
. |
: 8.9 . .

et ) u” '
R L - .
R T “!;f. n ‘_’
oy \: N a.? " '

e ‘. .IQ.‘ &.’ :

3 |
8.7 o
92
81 -
2.0
8.2 -
sy
%0 -
%2 .
% .
89
ro .
18 ®1 . :
19 " 8.4 .
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INDIVIDUAL HAEMOGLOBIN VALUES OF THE ADOLESCENT
BOYS AT THE START OF THE STUDY

“‘nﬂ‘0‘“““““”‘“““’-‘”""‘

Anasmic group Non Anaemic group
S i diadia it
Numberx Haamoglokin Numbey Haamcglobin
R 72 SRR g A

| 10,8 1 12.9
2 9.4 2 12.8
3 1063 3 12.5
4 91 4 13.0
3 10.4 3 13.59
6 9.3 6 12.7
7 9.7 7 12.1
8 9.9 8 12,6
9 10.1 ® 1341
10 11.C 10 13.%
b ¥ § 10,3 11 12.8
12 9.8 12 12.7
13 10,9 13 1340
14 9.6 | 14 12.6
15 10.8 18 12.5
16 0.9 a6 13.9
17 10.7
18 9.6
19 10.3
20 10,1

“”“-..b“-ﬁ““‘”"-““**--‘“"’.






A e Ay W A A WU WD A AP WA W A WD s A T W W W W

Ansemic group

N D WS AR AN G AP AR R A m e G A G AR O W W e WD W AR e

Humber Hacmoglobina g/100ml
i i i .
2 9.5
22 9.7
23 9.1
24 ' 9.8
23 o 92
26 o 9.7
27 . 10,5
29 ' 100
29 ‘ 9.9
30 ‘ 116
n ' 10.5
32 ’ 13.0
33 ' 10.4
4 ’ 9.9
35 ‘ 0.6
36 ' 9.4
37 ’ 10,9
3& ‘ 9ol

‘”".’“--““‘”‘-*--‘-"----.-



APPENDIX 8

INOIVIDUAL PULSE RATE IN MALES AT THE START
oF THE STUDY

- A s ws W U W Sy S an as S Gh D T S AR W WP Y AP A A O U A G W W

Kumber Profile milling

Wy W W AP S W R AR G G W e D W W AR an W WP W G W W A e W W @ W

Safore activity Aftar activity

- e M W W Mmoo ® W
84 119
82 21?
76 112
79 118
84 120
. B2 118

o U e W N

S G O P G W W G A AR T A W NG W A Al YR AR AR W T e w



INDIVIDEEL PULSE RATE IN MALRES PERFORMING MATCM
LAPCING AT THE START W SHE STUDY

OO.O«.Q-O-Qn-Qﬁﬁ---QQQQQQ---OQOQO

Ansemic Non Anaesmie
@ O U W U W G W O S NH G WS Gn O W AN G gh W T W W WM S W W
Number Befoxe Aftoax Before Aftar

accivity activity Numbes setivity ecuiviey

*-Q“‘Q-‘-‘“-‘-’Q-‘-“'Q-“““‘Q-’

| 81 115 | 78 112
2 as 118 2 7% 110
3 79 113
4 82 116
S eo 133
. 79 113

.
“ﬂb-’“‘b.‘-ﬂ-‘“"“‘-“‘--*“-’”

IRDIVIDUAL PILSE FATE IN MALES PURFORMING ROUGH LAPPING
N THE START OF IHE STUN

Ansenic Hon Anaumio

T iAo S et AR
Nuabex .::iﬁ:y a;ﬁzw Nusabae waﬁ:eﬁ Qﬁ:’iq
cccoa N L S e rcscc e e -
3 83 115 1 7 109

2 81 - 133 2 7 110

) a3 113

4 79 w

$ 83 115

6 83 - 318




INDIVIIUAL PULSE RATE xqbamss AT THE START OF THE

11Uy
ﬂ*ﬁhﬂﬁd“'-ﬁ--‘-ﬁ‘oooﬁonﬁva-‘-w
Number slot milliing duabar Lapping
dpﬁﬁbnun*ﬂﬁoﬁw----a--Qa-oﬂ-aﬂi‘-
Bafors Aftar sefore Adter
activicy sgtivity activity activicy
-oac‘-.‘«n‘h«-'nﬁvu‘d-nﬁ“--Qubqnabb
) § 8% 127 1 30 113
2 82 127 2 a3 112
3 a3 128 3 81 112
4 a2 13c 4 20 111
S 81 123 8 81 109
® 83 138 6 20 112
7 al 127 7 80 112
8 81 123 8 a0 113
as 130 9 79 109
10 a3 115

“-.'Q-‘“‘Q--"‘Qﬁo‘--""Q-"-‘-"



IRDIVIDUAL PULSE RATE IN ADOLESCENT BOYS AT THR
START OF THE 3TUDY

W G TP OB AP G S P A Gr A B WP A A AR B SD W W wr G M B ™ W A -

A:hm- .- {on M&;ﬂiﬂ -

e SRR e e
1 74 122 1 75 122
3 80 186 2 72 123
3 76 123 3 76 122
4 80 126 4 76 123
5 74 124 5 73 119
o 7% 129 6 74 122
7 3 124 K 78 128
8 76 127 8 76 122
$ 76 125 ) 7 118
10 74 122 10 70 119
12 74 123 1 7% 122
12 77 127 12 76 122
13 72 123 13 ] 21
14 7 128 14 77 119
15 73 133 15 77 123
18 76 127 16 7”7 119

17 73 il4

- e S e Ak WE B A W A S NS WD UE W W G WA s oW e W



W A de A W e W G G W W W W S A W G W W G G A

Anaemic

P WS S WS W A Gh G A AN D Ah G A W W G W B A A

Before After
Rumber . civity  ectivity

W W W G Wb Gn Gy G AN YD A WD D A U W R W W W B W

18 73 122
15 76 123
20 76 125
21 77 127
22 77 124
a2 e 125
24 77 122
25 79 125
26 71 123
27 74 123
28 76 129
29 76 123
30 70 123
3 72 123
32 ¢ 122
33 74 122
%4 76 123
3 78 122
% 79 125
» 74 123
u 80 126

- e G W A G S WP WS AR ST A W R S A ap W T WD G Y W W W W o W



APPENDIX 9
INDIVIDUAL BLOCD PRESSURE IN MALES PERFORMING PROFILE
MILLING AT THE START OF SHE STUDY

Before . After
Humbaz activity sotivity

rToseccemorscsnReseeeseee SRS
110/80 130/84
120/82 132/60
120/92 140/90
120/80 130/84
118/75 130/85
120/90 ' 134/92
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INDIVIDUAL BLOOD PRESSURE IN MALES PERFORMING
MATCH LAPPING AT THE START OF THR STUDY

-.‘-Qﬂ«-mnou”-“ﬂﬁﬂumanna--aﬁﬁnw

Anaamic Non Anagmics
Befoxe After Before After

Nusber orsvity sctivity USRS aotivity activity

---~O----“O-Q-'---“O-QQ-----

120/85 132/80 3 118/75  130/80
122/7¢ 134/82 2 120/80  128/90
120/80 136/90
124/04 134/82
122/78 138/82
120/90 138/80

& B & w W >

INDIVIDUAL BLOOD PRESSURE IN MALES PERFORMING
LOUGHM LAPPING AT THE START OF HE LTUIN

“‘-“-Qﬂ-‘ﬂ'“Q*‘”"‘OQ“‘“-*&QQ

Anaemic Non Anasmic
&--‘Qﬁ’#‘h‘ﬁ’-“&’““ﬂﬂ"h”“t-‘
Before Aftox Number Before After

Number _.civity activity sctivity aativity

115/73  132/84 1 120/80 132/82
126/80 138/92 2 125/78 130/80
124/80  135/85
120/90  135/82
115/15  130/84
118/80  130/83

o W & W N W

-‘-“O-Q‘QQ-’-QQ---QQ--OOGﬁQ-~-
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INDIVIDUAL BLOOD PRESSURE IN FSMALRS AT THR
START OF THB STUDY

*".'*ﬁ‘Q-O‘ﬁ*‘“‘-‘ﬂ-‘ﬂﬂﬁ-“‘.ﬂ

Nunbes

slot milliing

Humbey  Lepping

*b..QQ‘---‘Q‘QQ.“'“‘---Q'-’-

Bafome

Aftex

activity sctivity

120/00

115 /75
120/70
112/%8
120/e0
100/73
U 130/80
' 115/7

O O =W & B & w N »

-*-ﬁ‘-‘l“ﬂ-‘*.ﬁ“’-“*ﬁ‘-'-“‘“,

110/70 .

128/82
126/80
120/84
138/90

134/85
128/82

' 128/94

128/83
126/86

 §

[
o

PO TR I S N SRV

Before

After

activity activity

ﬂ“--’--‘-‘“O‘-'O“‘ﬁﬁ‘-“‘--‘--

118/75
114/82
122/80
120/80
120/78
113/73
120/60
128/84

" 126/83

120/80

134/82
138/86
134/82
138/82
138/90
136/08
138/86
134/82
132/82
135/95

P
e

e i 11" -EIIE] o’



(- R LI
et 1, el
oot ot Cindr 28 Ca O AR b K r:
I R . . -
*

INDIVIDUAL BLOOD PRESSURE OF THg ADULSSCENT BOYS
AT THR START OF ™E STUDY
.------~---..¢----..g------ﬁ-..
Anssmic group Non Angamic group
* """"“‘:&’&."‘“&&“””“:J;.““&'""
Humber activity activicy Nuaber astivicy activity
--.-.»..-----------.-‘.--------
1 110/80 130/88 3 118/78 128/80
2 113/80  138/80 2 120/80 130/80
3 110/1%  132/80 3 118/50 128/%0
. 4 120/90 130/30 ¢ 128/93 130/80
L 120/70 . 130/36 s 120/80 1258/08
‘ 6 120/9% 138/30 ¢ 122/82 130/80
? 110/70  130/80 % 124/04 1268/80
[ 110/78 132/82 120/92 128/84
’ 118/73 ass/s2 o 118/70 130/80
“ 10 120/88  140/90 10 128/70 132/82
1 125/98 13s/82 11 122/78 130/80
12 120/60 1M/36 12 113 /70 130/832
% 13 113/7%  1e0/82 13 113/78 130/84
1 14 18/70  132/62° 14 120/%0 129/86
13 110/82 130/32 13 120/50 128/86
16 120/80  135/56 16 120/75 132/82
17 110/80  138/82
18 130/80  132/82
19 118/73  136/20
20 122/80 .  135/86

"u._ -~ d‘/d: *
OOty v s @ 7




MR E E I W Ir-ay W B W NCEE B BN B BB R B B A AR B
Anaemia group T, el TSR

G AP A U I AP WD WS AR T A W WD A TP AR A A T AW S AR A W e
Hunber .22‘152: n;:mu

AR CE E K NEEOR AW R B I R B B B B B R
r} 120/80 132/00
a2 128/04 132/86
23 124/78 132/66

24 120/90 = 138/86 Sk

- 118/7% 134/80 e

26 110/80 134/80 S

27 128/718 138/86
a6 115/80 135/86
29 130/50 135/88
20 128/80 148/80
i 120/80 138/80
a2 120/80 140/80
33 136/90 136/66
- 126/82 133/86
33 128/73 130/84
7 118/75 132/86
3 120/9%0 132/80
. ] 115/7% 130/86

W N AP N G AP N R NS e N R W RS R T AW e m e



APDENDIX 10

ENEZRGY EXPRIULD BY MALES LORING PROFXLE MILLING AT ™a
START OF THE STUDY

.--“-“----ﬂﬁ-ﬂQ“‘_ﬂ-'----‘

ﬂuobﬂn.--nd---obmtnﬁmhooﬂuoom

“““‘OQ““Q‘“ﬁ“-“-ﬂ“‘*.-

ENZRGY EXPENDED DY MALES DURING MATCH LAPPING AT THR
START OF THR STUDY

Oﬁunuuﬁ--Qonﬁ-»--qoabdboncbbﬁwuﬁ

Kilosalorie/mt PURLAE  gn xidocslorie/mt
T T T T T T It T
2 40337 2 3.134
3 3.657
4 44172
s 3664
6 3.698



ENERCY EXPSMDED BY MALES DURING ROUGH LAPPING AT THE
START OF THE &TUDY

--‘“ﬂﬂh--ﬁ-ﬂﬂﬂﬂﬂ‘ﬂ*”‘-"ﬂ“'““

Anasmic group Non Anaenie group

T W A G W A D G W A W NN W T TR N YR YD R WD A G WD W s T W W

Bergy oxpendad in Enaxrgy expendsd
Numbar  v4localortie/us Nember Kilosalorie/Ast

R R I R . X K L X S g/ e
4.,05% i d.16%

3,8% 2 2.891

34301

3.582

4.197

6 4,095

®* & w

W A W Sk W WU A G W B AR W G M W AP W A O AW A D W TR A e W

ENERCY RXPENDEL BY FMALES IN oLOT MILLING AT THE START

OF THR sSTUDY
B T N T RV VU e g G Y
cmmemmmea R I e eeeea
Nuaiar whargy expanded in Kilocaloris/mt

A R T I X K it A

i 4.17%

2 4,165

3 4,190

4 4,165

8 3,836

L 4,182

? 4.104

8 3.873

$ 4,476

W N e WD b e B G Wb WD e W A W G TS D 6 G G Al e B Us Ah W W e W P ue W



BNSRGY EXFENDED BY FEMALES DURING LAPPING AT THE START
OF THE &TUDY



ERERGY EXPENDED IR PRIPARING A FURROW BY ADOLISCENT BOYS
AT THE START OF THR STUIY

P NN B W G e W e G W W W G G A v e R A R A WD R A W R e e W

Anaomic group Nola inaamig group

O as G W an W G WS AN WD TS G S A WD G N W W @ W s WD Ay e W B A W
B sievgy aspandec Loeryy edpendad
miceX 4. xilocalorie  Umber tn ﬁl;::lotm
t

- Oer WR G G S Y A G WP AR O AP W Ym W N e W S A % A WP W W W s W

1 4,067 1 3.872
2 4,289 2 3,888
3 6172 3 3.057
4 4,004 4 3.754
s 44061 5 3.678
3 Ge349 6 3.688
7 44207 7 3.816
8 4,392 8 34009
9 3,904 v 3,862

10 1,763 10 3,697

11 4,078 11 3.746

12 4.132 12 3.850

13 3,987 13 3.729

14 44268 14 3,961

13 34967 15 3.673

16 4,128 16 3,662

17 42051

18 40264

19 3.996
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Anasmic group 5

L B B B B I R A B I A R T B
Nunbay Enerqgy in Kilocaw
“1BERE°) ok
WS WS W AR S I W A A TG e R R A W G W W
20 4.42% :
a1 44272

R

T

2 22 8,128 .
2
: 23 4361

24 4.0m
2 4,262
26 4,128
s.0m
28 3.954
- 29 3,988
syl 30 | 3,773
- 3 3.948
2 4,061

8 O .
o .
\

L S or
IRTs- A '
FA

S
™
b

——— e am e e e mmm— =

= - me—

o 23 CRT R
, X " 34 4.101 |
3 4,099 '
| 36 4,196 |
_-ﬁ- 37 4228 :
' 38 40314
!
}
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U _ APPENDIX 13 '
e WORK OUTPUT IN TERMS OF THE NUMBER OF PIECES MILLED
(PROFILE MILLING), AT THER START OF TME STUDY

hadil AR LB LR A BB I B B B B R N ey

Wumber Plece output
1 288
2 265
3 a70
. 310
s 306
¢ 230

L4

WORK OUTPUT IN TRRMS OF THR NUNBER OF PIECHES LAPPED{ MATCH
W;‘«‘Iﬂﬁ)hﬂ‘ THR START OF THR STUDY

" G AP D W A W G R WD T AN SR WA AN WS WD W W W e
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WORK OUTPUT IN TERMS OF TME NUMBER OF PIECES LAPPED
(ROUGH LAPPING) AT THE START OF TR STUDY

Anasmi¢ group Non Anaemig group
OQ&QQ*---*Q“QQQQQQ-nﬁcmbﬁﬂnﬂ
Numbex Piece cutpus Nwnber Piece ocutput
“-‘Q-QQ--‘OQG.O-‘QQ-’--Q*Q-

1 153 | 2158
2 174 2 229
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WORK OUTPUT IN TIRMS OF NUMBER OF PIaCES MILLED (8LoOT
MILLING) AT THR START OF THE STUDY
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WORK OUTPUT IN TERMS OF THE NUMBER OF PIRCES LAPPED
AT THR START OF THE STUDY

Anaamic group
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Number Piece output

- T - > e o A W e W W w
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WORK OQUTPUT INTRRMS OF LENGTH COVERED IR PREPARING
FURRONE BY ADOLESCENT BOYS
AT THR START OF THE STUDY,
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Anagmic group Hon Anaenmtc group
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APPENDIX %2
INDIVIDUAL DPULSE RATE DURING ERCONETRY AT THE START

OF THR STUDY
C e mm e s e e r e e e s e e . e, .. .-
Maloe Females

- .- n - ... w ... e . m. .- .-
- .

3 79 152 1 79 148

3 1 149 2 7 149

3 73 138 3 81 154

4 7 142 4 79 130

3 80 155 s s 145

6 79 150 6 78 147

7 19 150

8 ” 146

» 81 154
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IUBIVIDNAL PULSS RATE DURING BRGOMETRY AT THE START OF THE
STUDY IN ADOLBSCENT BOYS

WU G N M NI MWD NN W ewE®
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Anaenic o e
B I T T I e
Nuaber Before activity Aftar agtivity
S T S

20 75 142
a1 i 147
22 77 147
a3 k1) 140
M 76 190
2% 73 130
26 73 133
a7 72 130
a8 75 133
29 73 134
30 (3 127
k3 | n 133
32 71 126
a3 72 1
34 73 133
s 73 1M
36 7 138
37 k] 134
b [ 146
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TIME REGUIRRD POR RXHAUSTION ON AM T"ROCHLTRR AT
THE START OF THE STUDY

-_Q---ﬁﬁﬁ---‘.ﬂﬁﬂ-ﬂ“-“‘ﬂ-'-

Man women
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TINE REQUIRED FOR EXHAUSIION ON AN ERGOMETER AT THE START
GF THE STUDRY IN ADOLESCRNT BOYS,

W an W G G A AP W A AP G AR U E AR A W e W e B A G W W O

Anaemie ion ansemics
I A R I I I T e,
waner  [ine in Numoer  Time in
B I
3 120 i 120
2 70 2 11%
3 110 3 100
4 65 4 120
5 115 $ 140
6 70 6 113
? $0 7 105
8 95 8 110
] 100 9 120
140 10 138
13 120 13 118
12 % b ¥ 120
13 135 13 110
14 PO 14 113
13 130 18 100
16 ) 16 138
17 130
18 90
19 120

W W oap An Gb Y AN W AR GR WS U D U WS AP AP AN WS W A G W W A AR A W W



.--‘---‘“--“Q-ﬂ-OO-----‘QC“‘-ﬂ

snacmics ) el =
ceemcemecrcscscssacamenc e oon
Number Time in P privindie
i g
20 100
22 90
42 85
a3 60
24 95
25 70
26 %
27 120
28 100
29 95
30 150
k} § 120
23 140
33 3113
34 80
3% o5
36 65
3 120
n 60
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IRDIVIDUAL BRPINE IRON VALURS AFTER SUrPLENENTATION IN
ACOLESCENT BOYS

A A AR W e B W AW WD E W T s W W

Mumbax Saxwn Aron AG/100 md
B N I L
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W A W T A N AR TS e MR TR A G G U A O WR T AR GE W W G W A W G W

Nunmber Sexrum iroa Ag/100 m)
B VAo U U U,

20 X/
21 66
22 69
23 K
4 72
L 80
26 72

27 79
8 73
29 ‘ 63
30 84
k) } 84
a3 a9
a3 a8
k1 74
k. 73
36 79
37 78
38 69
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APPENDIX 14
INDIVIDUAL MABMOGLOBIN VALUES AFTER SUPPLE MENTATION

G G W SR AR A T W e GG W AR A W A N ae W R oAb W e W e

Males Females
FO g Bl S
Kunbex “*;7§gg;§‘° Number  MeTIREIOBAR
DU ooy S SO SO iAo A
1 12.9 | 12.1
2 13.2 2 12.2
3 13,7 3 11.8
4 1344 4 11.9
s 12.7 s 12,8
¢ 12.8 (Y 1341
? 13.2 ] 11.7
! 12.4 8 12.6
» 13.3 ’ 12,0
10 12,9 10 12.0
11 13.6 1 11.3
. 12 13.4 12 11.8
é' 13 13.8 13 120
: 14 13.9 14 123 -
P 13 13.2 13 11.i'“?_‘:
: 16 14.0 16 1149 <
s 17 13.2 17 11.8
i 18 13.0 18 11.9
i%’ 19 11.3
3 e e mmemmmmecmcceececcea
&




INDIVIDUAL HABMOGLOBIN VALUES AFTER SUPPLE HENTATION
IR ADOLRSCENT BOYS

¥ waber Haemoglobin g/100ml
R hon G S i Qs A
1 14,0 |

2 13.0

3 13.4

4 12.9

s 13.5

6 13,2

h 7 13.8
) 12.8

L 13.2

' 10 : 14,0
11 : 13.8

12 12.9

13 . 1346

14 12.9

18 13.6

16 . 12.7

17 . : 13.9

" S 14.0

..-.-12,--.-.“‘-«-”----«@'ﬁ.oa-.-u

13




G G W W T WD W WP P WS W W ER A WD W T A R W W e oW W ar W W W

Number Raemoglobin g/100 ml
e a e T e R e RS e e R e e e e .. ...
20 13.4
21 12.9
22 13.6
23 13.0
24 13.9
23 1342
26 13.9
27 13.9
28 13.2
29 13.7
30 1444
- 13.8
3z 1441
33 14.0
34 1346
35 13.7
36 13.2
-y I 13.7
- S 13.0
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ARPENDIX 1S
INDIVIDUAL PULSE RATE IN HALES PERFORMING PROFILE MILLING
APTZR SUPPLE MENTATION

Number .:g:f:, a:::::ty
R L
1 79 118
2 2] 113
3 7 111
4 EA4 114
S 79 113
6 ao ile

oo b -

INDIVIDUAL PULSE RATE IN MALES AFTER SUPPLEMENTATION

[ ]
W A A N W YA b T A R e WP G UD O W L R S e WD E e A ae e N

Match Lapping Rough Lapping

W e G WD A AN WD W W AR A W A e T N Al U W A M W s A ap W

Nuaber BeZore AMeer Number Before After

activity activity sgtivity activity
R L X T T T R byt i
78 112 1 79 11
2 ) 114 2 8 107
3 76 110 3 79 108
4 79 112 4 74 106
$ 75 109 s w7 - 109
'Y ” 111 . 78 110
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INDIVIDUAL PULSE RATS IN FPEMALES APTER SUPPLEMENTATION

-“--“‘-OQ*---ﬁﬂﬂﬁﬁﬂﬂﬂﬁﬂ-nﬁﬁﬁb--

8§1lot¢t miliing Lapping

W db I o W WD NS A R N AR D T W N N e A S W S GP AR W D WS AR W

Before Aftar Before After
Humber  aotivity activity NURDET o ivity activicy

1 83 120 A 7% 10
2 a1 121 2 7 110
3 82 122 3 80 109
! 82 122 ‘ 79 110
s 79 120 s 78 108
. 82 1 s 7 110
7 82 123 7 % 111
8 79 120 ) 73 109
» 7% 120 » 5 109

10 78 109
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INDIVIDUAL PULSE RATE IN ADOLEBG cave -

SUPPLEMENTAT ION
P L X X e
Nuaber Before activity After agtivicy
e L L L X Iy
1 (2 119
2 7 123
3 74 120
4 76 123
S 73 120
6 74 122
7 73 121
8 76 124
9 74 : 122
10 n 119
11 72 ' 119
12 76 - 126
13 72 120
14 7 12%
13 72 120
16 76 124
17 73 321
18 73 119

19 72 130
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Zan Nuabez Before activicy Aftor activity

- > S ok W U G B s W & - W G Wk U W SR EP W W W W W U W W W W

20 72 122
F$ 75 120
22 72 123
23 7% 119
24 n 119
25 74 122
26 7% 119
27 72 120
28 74 122
29 71 120
0 7 ii8
k} ) 72 120
2 70 119
33 " 119
34 73 120
s 72 120
36 74 119
37 70 119
a8 7% 123

-d“rﬁﬁﬁ‘-ﬂo‘*Qﬂuo‘uﬁﬁ--ongu--m




———

APPENDIX 16
INDIVIDUAL BLOCD PRESSURE IR MALES AFTER SUPPLEMINTATION

@ W W W T AR A G A TN TN W A ARE W W an W W

Numbar Profile miliing
" E G EE " .. .- mm Ewr ..o . w. .-
Before sgtivity After activicy
I I A kR K R ey i
i 120/80 130/90
2 123/73 130/82
3 130/90 130/84
. 122/82 130/82
5 124/78 130/90

6 118 /80 128/80



INDIVIDUAL BLOOD PREDOURG we weeo.

S AP WP AP AN G WD O W b WD N W W W U Ap A Ar WP W A AN W W ap e A W W W

Match lapping Rough lapping
qu‘ﬂ‘-,‘h‘uuou-o‘#‘dhun-.---Qu--
Number Before Aftar Nunber Defore Afcer

activity activity activity activicy

G WD WR A g G WD VR TR A G A W G A WG TR A G e P s WD G W W W

3 120/80  128/% 1 120/75  130/84
2 120/80  128/82 2 120/75 ' 122/90
3 125/95  130/%0 3 115/90  130/80
4 128/90  130/80 4 120/80 130/86
s 122/82  132/82 3 122/76  130/80
¢ 12¢/78  130/84 6 113/80 132/85

D G s W BN AR A U G GO YD WA DY A Y I W D S W

xwwmm&nmbmmmuZﬁ%&ﬂ&ﬂﬂﬁwnmmmnm
P, X I I A A R

Slot milling Lapping
W G W Gk 4 Wh G D OGP G WS AR WD v W W R G W G S G W L AR W WD G B W
Before after Before After
Nuaber  ociviey  acedvity  TUPT oeivity  activity

D W Gn WD G WS AP W S WD A W A G A YD A WS A W TR W ™ D e W e e

2 116/78 126/86 1
118/75  122/84
2 120/80 124/85 3 120/80  138/80
3 124/78 12¢/82 > 12215 132/84
¢ 115/78 130784 4 12070  132/82
3 120/70 120/86 > 120/72  132/83
¢ 118/00 126/82 ° 148/75  125/60
? 12a/78 126/80 7 120/75  130/84
e 120/50 13078 °© 136/80  128/84
’ 115/75 12487 120/60  128/%0
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INDIVIDUAL BLOOD PRESSURE OF T™BE ADOLESCENT BOYS AFTER

SUPPLEMENTATION
S S . . R I
Numbeor Bafore activity Aftar activity
JOR I R R A
| 115 /80 132/82
2 120/80 130/80
3 120/80 130/00
4 120/90 130/80
] 122/82 132/80
) 120/80 130/80
7 124/78 130/80
8 120/80 130/90
9 120/30 132/82
10 122/82 132/82
11 124/76 132/80
12 122/77 132/78
13 120/80 132/18
14 115/70 130/90
15 118 /80 132/82
16 120/80 130/80
12 122/80 130/82
18 124/84 132/82

19 122/84 130/80
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Numbar Before activity Afcar sctivitcy

W A W W A A W ND W N T AR W G P T U AR G A G AR T G W N WA

|
|
|
1 120/90 128/80 |
|
\
|
\
\

21 124/80 130/60
a2 120/92 128/82
23 120/80 0. . 130/80
24 110/80 132/82 |
25 120/80 L ©4 130/80
26 e/ 132/80 |
27 118/00 o
28 ez 130/80 ‘, |
29 120/02 . 130/80 |
30 115 /75 o 134764
3 118/80 - ir - 132/84 |
3z 10/ o 134/82 |
33 118/75 1338

34 120/80 o 126/8¢
35 118/95 - 130/80

2 120/50 130/80
S 12078 132/82
38 118/80 130/80
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APPENDIX 17

BNBRGY RXPERNDED IN KILO CALORIR/MINUTE APTER
SUPPLEMENTATION IN' MAL23

Number frofue milling iunhor Match lepping
1 30678 1 3, 365
e 3.498 2 3.774
3 5.166 3 3. 190 ‘
4 3. 467 | 4 3,398
s 3,687 5 2,984
] 3.68¢2 6 3,067
Number zouxh lapping
1 3,378
2 2,694
3 3,182 e
‘4 | 2.741 _
RS
5 3. 156 i
” 6 3. 287




BNEBRGY BXPENDID IN KILO CALORIE / MINUTE APTER SUPPLE-
MENTATION IN FPRMALRS

Fumber Slot Milling m lapping
1 3,574 1 3,088
2 3,656 £ 34408
3 3,608 3 3. 174
4 3,678 ¢ 3.089
5 3. 256 5 2,896
] 3¢436 ¢ 3,479
r 3674 ? 3.094
s 3,175 ° 3.168
9 3,583 9 3, 152

10 Je 406
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BNBRGY BXPENDED IN KI1LO CALORIE IN ADOLESSCEBRT BOYS
APTBE SUPPLIMENTATION

Rumber Prepaving Kumber Preparing
furrows furrows

1 3,668 20 3.701

£ S.842 21 3.714

3 " 3.894 2P 3.602

4 © 3,788 23 3,767

| 5 3,628 24 3.693
S  3.609 25 3,685
Ty 3,787 26 - 3. 104
8 3,645 27 s.z8e

® v 3e764 28 3.858

10 , 3.65% 29 3. 669

11 _ 3.667 30 3,490

12 3,609 31 3,506

13 3,968 32 3.148

14 3,642 33 3,662

18 3.677 34 3,864

16 3,881 35 3.674

17 3,697 36 3,625

18 3.597 37 3. 584

19 3.886 38 3. 757

3l



AFPPENDIX 18

ENBHRCY BXPENDED BY MALBS O KGOMETEBR BREFORE AND APTER
- 3UPP TATIOE

RIS TINELI N TR S I RN T2 CTETE ISR IR RIS IR E3.C8 A AN AR NS £ 2N AR OGO 2 K8 M S I S ARSI SR RN I S KR 0N
Energy Expressed in Kilo ocalories
Ansemic Gyoup

4 A B W B W W W' W W W W W W W W W W W B W W G W @ W W W™ W

Fumber Bubplf;::::tion Supph:ﬁ::non
1 . B.478 4,932
2 5,102 4,674
3 6672 4.381
s 4,950 4,688
5 . Be576 4.975 .
6 50254 4768

IRABIS ENESE IR SR ADEUET B I 08 21 KN RIS SN SRAP LS . BNSI AR B LT AT S VST WME W T A 23 RITIW



SNERGY EXPENDED BY WOMIZR ON AR BRGCMETER BEFOR:S ARD APTER
SUPPLEMENTATION

Energzy Expanded in Kilo ocalories
Aneomic Group

- A W P @ W W G W W W W B s @ W W W W S W W W W e W W

Rumber Supplf;ﬁ:::ﬁon Supyleﬁ:;:ﬂ on
1 B 154 4,699
2 B 174 4,618
3 5, 108 4,978
4 50 547 4,841
5 4,668 4,578
6 4,958 4,709
7 8.171 4,945
8 4,871 4.467
9 5.564 4,754
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BNBRGY BXPENDZD BY ADOLESCBET BOYS ON AN BRGOMBTER BEFOURE

pet

AR o

AND APTER IRON SUPPLEMENTATION

Enevgy Exprossed in Kilo Celories / mt,

Anasmic group

“«- @ e W © @ W G *" > B W W B P W W W W WS W ™ S

Rumber

SQG-IOGOGMC‘

Before

Runber

Supplapentetion

W W W W W W W e S W W W W B W e e - " " e e " e e W e

4.756
5eI78
4.864
8,079
5.159
5.662
5,198
5. 189
8.017
4,548
4,772
8,127
4,659
50178
4,620
8. 141
4,369
8.174
4,748

DV 0 <4 0 G b D e

e« & B R 5

After
Supplenentation
4,281
4,798
4,690
4.974
" 4574
4,604
4,564
4.878
4,679
4. 837
4,498
4,908
4,463
8.064
4.472
4,854
4,573
4,883
'4.378
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ANAEBMIC GROUP

Number ZEnergy expended in

K$l0o Celorie/mt

§ 9438 %2 8P LeEREIIEYEeR

4,926
8,178
5. 194
5.468
8.181
5. 485
Be348
4,776
5,076
8. 184
4,869
4,768
4,074
4.987
8,192
B.449
5. 348
4,767
B.496

- =

Number Energy expended in
kilo calorie/mt,
20 4.654
21 4,879
2R 4.358
£3 4.769
24 4.207
25 '4.601
26 WL
by ‘4,451
28 4.672
29 4,449
30 4,068
31 4.475
32 4. 856
33 4,201
34 4,429
. 38 4,327
38 4,668
3" 4,456
39 4,782
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INDIVIDUAL PULSE RATR DURIFCG BRGGUMBTRY APIER SUP/LSMBNTATIUR

Mgles Pomalos

Kumber DBefore After Number Befove Afterw
sctivity Aotivity Aotivity Aetivity

1 78 142 1 T4 144

e S 138 2 73 144

3 73 136 3 76 180

4 (] 138 4 7e 148

-] ™ 143 ] 14 140

¢ 14 143 e 73 148

4 s 148

8 70 143

9 74 146
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IXNDIVIDUAL PULSZ RATE DURITC BRGUMETRY APTER
SUP-LENBNTATIUON IN ADOL?SC3IET BOYS

Number Before Aotivity After Aotivity
1 70 130
2 76 140
3 Ve 134
4 76 140
5 74 1398
6 75 136
? 74 135
8 4 143
9 75 139
0 75 138
11 75 138
12 76 140

73 73 132
14 74 148
15 76 140
16 7 144
1w 74 135
18 76 140

19 re 1%



® 8 B MR B B 2N N B8N S 8D S S S 82D KBS RSB B8

Numder Bafore sotivity Aftor Activity
20 73 133
21 7¢ 140
24 73 18?
23 76 140
84 76 140
25 2?3 120
26 73 133
1 4 7e 130
20 786 133
2 73 134
30 71 i
31 71 133
32 71 126
33 72 130
34 73 133
38 73 134
36 14 138
24 3 134
38 76 140
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TINS RAQUIAZD POR BXHAUSTION ON AN
BROOMETZR APTER SUPPLIMENTATION

RN R INET RN G TASIRN SSRGS RSN IR R R SIS I Il

Xen Vomen
Nunber Time 4n Fumber Time 4in
Seconds seoonds

v
A W A W @ B W A N S P @ % e e % > B > o

1 120 b | : ]
2 126 g 80
3 145 3 70
4 118 4 78
b 110 8 90
6 118 6 80
k 4 s
8 100
9 20




Gr
TIME REQUIRSD FOR EXHAUSTICN OF AN BR(MBTRBR
APTER SUPPLEMBNTATION I¥ ADOLRSCENT
BOYS

Fumbder Time in Seeondes Nuober Time in eeconds
) § 160 £0 188
e 120 21 220
3 138 £82 180
4 118 23 120
] 140 24 186
é 130 285 130
7 140 g6 150
8 120 2 165
9 130 28 130

10 160 29 180
11 1856 30 170

12 118 31 1886
13 180 32 165
14 100 33 160
p V] 148 34 140
16 180 38 180
17 140 36 130
18 160 o 140
19 186 35120 120



APPENDIX 19

WORK CUTPUT IN TBRMS OF NUMBZR OF PIBCES IN MAL:S AFTEBR

SUPPLZMBNTATION

Numder Profile Number Mateh
M4lling lapping

1 sge 1 144

2 346 2 127

3 365 3 137

4 880 4 140

6 373 8 148

¢ 314 ' ) 152

Fumber Rough Lapping

1 230
2 251
3 220
R s 282
5 213



WORK OUTIPUT IK T2iMS OF NUMBEKR CUP PIECES IE
PEMALES AFTER SUPPLIMENTATION

Bumber Slot milling

p § 1070
2 1178
3 1200
4 1187
S5 1300
6 1340
4 1244
8 1144
9 1216

»

Rumber - Lapping
1 30
2 24
3 36
4 30
. (4
é 34
? 36
8 33 '
® 30

10 22



WORK OUTPUT IN TBIMS OF LENGTH COVERID IR PREPARIRG PURROWS
BY ADCLESCENT BOYS AFTER SUPPLEMENTATICHN

Numbdber I‘?ﬁ“&'eﬁ:"m Munder La:gﬂtx.::nud
1 65 20 8
2 85 21 54
3 59 22 61
¢ 53 23 60
5 60 24 6
6 b6 25 58

v 6 26 s
8 B3 oy 63
9 se 28 58
10 65 29 o2
11 oe 0 69
12 54 1 63
13 81 32 66
14 50 33 1)
15 e 3 61
16 83 36 63
1y 0 36 &8
18 66" 7. ([ O é¢
19 6 38 56



