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PREFACE

Ergonomics studies men at work and aims at
"fitting the job to the worker", or better
at "optimizing man-task-systems" in order to
promote the worker's health, well-being and
efficiency.

Ergonomics is a rather new field of study.
In industrialized countries Ergonomics is
gradually developing to a coherent science.
Research, education and practical applica-
tion are steadily in progress. In order to
promote Ergenomics in tropical countries a
8ymposium was crganised to discuss relevant
proplems in tropical agriculture and fores-
try.

The conference was the 5th in the series
Joint Ergonomic Symposia, organized by the
Ergonomic Commissions of three international
organizations. The International Asscciaticn
of Agricultural Medicine and Rural Health
{IARMRH) brings together the medical workers
in rural areas. The Commission Internationale
du Génie Rural {(CIGR) covers the field of
agricultural engineering and technique. The
Internaticnal Union of Forestry Research
Organizations (IUFRO) deals with research in
forestry. '

The basic program of the symposium consis-
ted of a series of Invited Papers prepared
by experts in the relevant topics. In addi-
tion several participants delivered a Volun-
tary Paper.

In these Proceedings all Invited Papers
are presented at full length. As toc the Volun~
tary Papers restrictions were necessary. Con-
sequently, papers not fully related to tro-
pical problems have not been included. Cther
papers are printed in an abriged or summari-
zed version,

Tt was the aim of the symposium to bring
tegether experts and interested workers in
the field of Tropical Ergonomics feor an ex-
change of relevant information and know-how.
Moreover, the Symposium was meant to stimu-
late the further development of Tropical Er-
gonomics. Therefore, "Recommendations™ were
formulated and approved by all participants
in the final meeting (see Part A, Chapter 4).
Suggestions con the promotion of Ergonomics
and the development of relevant research, edu-
cation and training in tropical countries are
given. It is our hope that in addition the
Proceedings of this Symposium will be another
contribution to the development cf Ergonomics
in tropical agriculture and forestry.




Part A - Invited papers




ERGONOMICS IN TROPICAL-AGRICULTURE AND FQRESTRY

J. Zander

Agricultural University, Wageningen, The Netherlands

Summary

Ergonomics is engaged with the work
situaticn, with the objective to achieve an
optimum man-task system, in which a proper
balance can be maintained between the worker
and the working conditicns.

The model is deseribed - including the
processes and their feedbacks -, which are
determining the health and locad of the
worker, as well as the performance and
safety of the system.

Working in agriculture and forestry plays
an important role in tropical countries;
ergonomics can play a role to improve the
living and working conditions in these
fields. The differences between work and
working conditions in agriculture and
forestry in troplical and of temperate zones
are discussed.

Based upon the ignorance of the majority
of the conditions in tropical regions from
an ergenomic peint of view, pessibilities
for future developments of epgonomics in
tropical agriculture and ferestry will be
mentioned.

Introduction

Ever since the days when man first ventured
out of those limited regions of the world
where he could be comfortable all the year
round without clothing and other artificial
aids to envircnmental adjustment, or even
earlier days when the first tools were
invented, there have been individuals
sensitive to their own and other people's
prchlems of adaptibility.

These lndividuals have approached the
resulting design questions with intelligence
and, eventually, with accumulated
experience. As long as tocls and machines
used by man were simple, it was possible to
produce satisfactory designs by purely
emperical methods.

The introduction of mechanlzation causes
considerable changes in working methods and
working conditions. Sometimes it makes the
work easier and more congenial, in many
cases, however, the work load changes rapid-
ly; a decrease of the physical work load is
coupled with an increase of the perceptual
and mental work load. Now that machinery is
inecreasing in complexity, however, the
emperical approach is no longer sufficient.

Seeing that working in agriculture and fores-
try plays an important role in tropical coun-
tries, ergonomics can contribute to improve

the living and werking conditions in these
fields.

Ergonomics ("Fitting the job to the worker™)
is engaged with the work situation, with the
objective to achieve an optimum man-task sys-
tem, in which a proper balance can be main-
tained between the worker and the working
conditions,

The results of an ergonomic approach will
contribute to:

a. The design of an optimum man-task system;
(Preventive ergonomics)

b. The testing of a man-task system;
(Curative ergonomics)

¢. The prediction of the lecad of the worker,
as well as the performance and safety of
the system. ’

Ergonomics
1. General

Ergonemics is a multi-disciplinary activity,

it crosses the boundaries between many scien-
tific and professional disciplines and draws

upon the data, findings and principles of

all of them.

In analysing a man-task system there is pri-

marily the contribution of many sciences

like anatomy, physiology, psycheclogy, socio- .
logy, engineering and management.

The multi-disciplinary character of a man-
task system is shown in figure 1.

"A continual stream of information -~ from

the tool or the machine - is received by

the working man using his senses: Perception
and leading to perceptual load. The percep-
tion is followed by testing on the memory,
and then to make decisions between the al-
ternatives to guide a specific operatiocn:
Selection and leading to mental load. The
output of man is muscle activity: Action and
leading to physical load. Through the action
changes take place: Performance.

During this process the man wlll continuous-
ly observe the effects of his actions. This
process is called feedback (---).

Viewing the nature of ergonomics it is neces-
sary to state from the various components and
processes in a man-task system which parame-
ters can be determined, as well as the crite-
ria belonging tc them.
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Figure 1. Man-task system

2. Anthropometry

The data about the work-place lay-out, in~
cluding the controls, are determined by the
characteristics of the human bedy. Anthro-
pometry refers to human body measurements
and biomechanical aspects of movements of
the body and bedy members, as well as the
working posture and the forces to be exerted
upon the objects - handtools and controls -
surrounding him.

In designing an optimum work-place, varicus
considerations need to be taken into account,
in particular:

Body measurements

By statistical research carried out in seve-
ral countries, the knowledge of body dimen-
sions of large population groups has been
considerable extended for several years.
Various publications mention the dimensions
of the human bedy, specified by sex, age and
race. When using these data we must not only
look at the mythical average, but at the
large and small brothers; for deviating cir-
cumstances (Large, small, thick or thin
people} there has to be sufficlent space for
an adaptation, which can be made in a simple
and safe way.

Discussion of hody measurements ineludes

the following:

- A definition of the. body dimension and
how it was measured;

- The data, in tabular form, for the 5th,
50th and 95th percentiles and the stan-
dard deviation;

- Correction factors for clothing and per-
sonal egquipment and other relevant
reliables.

When some dimensions of a population group
are available, some data for workplace lay-
out may be caleculated.

Body motions

In order to realize a pgood performance it
is necessary, that the movements of the
body members are such that a favourable

12
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load originates; fatiguing body motions
have to be avoided.

According to the principles of moticn
aconomy, the motions should be confined

to the lowest classification with which

it is possikle to perform the task satis-
factorily. By moving body members - shading
off into one another - in synchrony,

simple and logical motions can be cbtained.
Attention shall be paid to the fellowing:

- A pgood balance shall be established
among body movements;

- Amplitude, strength, speed and pace of
movements shall be mutually adjustable;

- Movements with great accuracy require-
ments shall not entail exertion of consi-
derable muscular strength.

Posture

The working posture of a man is largely
determined by the lay-out and shaping of
the tools, as well ‘as by the location and
displacement of the controls. Probable site
of pain or other symptoms, as consequence
of bad posture, have been described in lite-
rature.

There are three general types of design for
posture: Standing, seated at all times and
a design in which the worker may shift ,
between seated and standing positions. The
standing position is generally considered
to be a "standing and walking position™;
the worker is free at all times to move in
various directions. If this freedem is not
available or required, the work-place should
be designed so that the worker either sits
all the time or can move hetween a seated
and standing position; static muscular
fatipgue must be avoided.

Forces

The forces, which can be exerted, depend on
the group of muscles, the body posture, the
direction and strength of the forces, as well
as the duratien. In general a human being

is capable to maintaining 10 - 15% of the



maximum force of a muscle during a longer
period of time without muscle fatigue;
exercise can increase the strength and the
endurance within the limits imposed by a
worker's innate physical potential.
Attention shall be paid to the follewing:

- Strength demands shall be compatible with
the physical capacity of the worker;

- Muscle groups involved must be strong
enough to meet the strength demands;

- If strength demands are exessive,
auxiliary sources of energy shall be
introduced;

- Maintainance of uninterrupted tensicn
in the same muscle for a long pericd of
time shall be avoided.

Many hand tools and machines in agriculture
and forestry in tropical countries are im-
perted from other countries., This can lead
to inadequate work-place layouts, if no
attention is paid to the anthropometric and
biomechanical aspects of the users. There-
fore anthropometric surveys have to be car-
ried cut in these countries.

3. Perception

The perception of information, that a wor-
ker receives from work-place and environ-
ment, takes place via the senses, which are
sensitive to specific impulses. The reaction
to the information depends upon the sense
organ that is stimulated, the strength of
the stimulus and the place where the sti-
mulus arrives.

For each of these senses the human hody
commands perceptive sensations, in parti-
cular:

Sight

Sight plays an important role in man-task
systems, since most information enters the
central nervous system via the eyes; more-
over, most actions are performed under op-
tical control. With our eyes we cannot only
observe colours, light and darkness, but it
is also possible to estimate in a reasona-
ble way the direction and speed of moving
objects.

The characteristics of the visual field are
determining the visibility of the work. The
visual field can be enlarged by body mo-
tions, which, however, lead to less in qua~
lity of the body posture, as well as increa-
sed work lecad and a decreased performance.

Hearing

Communication between man and task, as well
as between men mutually, takes place through
hearing, in which variations of pressure

act as a medium. Depending on frequenay,
sound pressure level and duration of the
exposure, sound has an annoying. to damaging
effect.

The sound pressure level of machines in apri-
culture and forestry has received a great
deal of attention recently. It appears that
for many machines the average sound pres-
sure is too high and this will lead to
impairment of hearing, which is mostly of

a permanent nature and they are Ilrrever-
sible. i

It has been generally accepted at the mo-
ment that a permanent exposure to sound
pressure levels of 85 dBy and more
necessitates protection of the ears to

avoid damage. Protection is by technical »
means (Machines making less sound, isolation
of the sound force and reduction of sound
transmission) or personal means (Larger
distance between scurce and man, ear pro-
tection by wearing plugs in the ear or cups
usually known as ear muffs).

Scent and taste

From an ergonomic point of view, scent and
taste are less important, because only a
small number of acticons appeal specifical-
ly to these senses. However, workers in
agriculture and forestry are being subjec-
ted to increasing amounts of air pollutants
as dust, gases and smoke$.

Working under dusty, dirty and smoky con-
ditions reduces visibility, produces eye,
nose and throat irritation and can induce
sjckness, There are generally the short
term effects; of greater concern are the
long term chronic effeets, which induce
illness or cause debility; theyaffect

the worker's vitality and make him more
susceptible to many forms of disease.

Feeling

Though rather little operational information
is entering the central, nervous system
through feeling, in detecting mechanical
vibrations it has much impact on the wor-
ker's health and performance. Vibrations
will be transmitted tc a worker through
those parts of his body in contact with

the source of wvibraticn, usually the hands,
arms, feet and buttocks. Sometimes the
hands or arms only are under vibraticn, in
other cases the whole body.

During recent years special attention has
been paid to various body deficiencies

adn informities, related to exposure to
mechaniecal vibrations. The effect and
impact of vibrations varies with the fre-
quency, as the human body is most sensi-
tive to mechanical vibrations within the
range from 2 Hz to 6 Hzj; the impact of
vibrations can differ from scme annoyance
to damage to the worker's health and per-
formance degradation. It appears that the
fingers, the spine and the stomach are es-
pecially sensitive to mechanical vibratiens.
Protection against mechanical vibrations

is by technical means {Reduction and iso-~
lation of the vibration source, as well as
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reduction of vibration transmission) or
personal means {Cushions and seats).

4, Selection

The transport of data from the stimulated
organs to the effectors is not simply and
solely transport; the data are processed,
from the various possibilities the right
answer is chosen and transformed into ac-
tion. The capacity of information proces-
sing is primarily determined by the capa-
city of the central decision mechanism;
the more complex the circuits to be fol-
lowed, the less the capacity.

In the great variety of structure and ope-
ration the sense organs, as well as the
complex character of the decision mecha-
nism, it is hardly thinkable that one
universal parameter could be found for the
assessment of mental load. The following
categories may be distinguished:

- Performance measurements,
- Psychelogical measurements,

- Physiclogical measurements.

The assessment cof mental laod presents a
great challenge to experimental psycholo-
gists and psychophysiologists and, despite
a plethora of techniques, few are of general
applicability and those that are, have still
question marks regarding their validity.
Based upon the results of investigations
available, the best results for the assess-
ment of mentzl load can be expected from:

- The methcd with dual tasks, whereby the
spare mental capacity Is ceccupied by
supplying an additional task;

- The heart rate, in particular the relative
suppression of the sinus arrhythmia,
measured in comparison with the situation
during rest.

Next to the process of information proces-
sing and the assessment of mental load, it
is necessary to deal with some aspects of
mental processes, in particular:

Learning

When periodic or otherwise predictable in-
puts are recognized and learned, the worker
begins to respond with well practiced move-
ments and is effectively working. The
learning effect consists of an easier,
quicker an bhetter reaction on the informa-
tion presented. Moreover, the worker is more
and faster- familiar with his machine than

~with another, which causes a slighter

chance of making mistakes. This will lead,
indirectly, to a better cutput of the
whole man-task system.

14

Simulation

For studying the lcading components in a
man-task system under controlled conditions
and to cbtain information regarding the er-
gonomic qualities of the work-place lay-out
of a certain machine or the effect of train-
ing, simulators have been developed for va-
rious tasks. This makes it possible, with
improvements in research costs, to obtain
valuable data in a relatively short period.

The evgonomist must try to reduce the men-
tal load in variocus mental processes in
agriculture and forestry. This is possible
by repelling redundant and non-relevant
information, as well as an adequate presen-
tation of the relevant information. By
paying attention to these aspects, ergono-
mics can contribute to adequate processing
of the increasing information speed - as a
result of an increasing capacity - and a

* favourable worker's load.

5. Actiom

In order that a man can work or move about
or even just stay alive in a relaxed posi-
ticn, there must be enerpgy available for

his body tc use. The energy that is required
in order that the muscles can exert forces,
must have previcusly entered the body in the
form of food. In its simplest terms, the
body is an engine that provides power from
the locomotor system using oxygen that en-
ters through the respiratory system to burn
up the fuel entering through the digestive
system.

When a man increases his rate of energy
expenditure by working harder, the following
effects inevitably occur. He will breathe
more rapidly and more deeply in order to
increase his intake of oxygen. The heart
rate will increase and it proves necessary
to use the blood to transpert more oxygen
from the lungs to the muscels and move excess
heat away form the working muscles to be
dispersed around the bedy; this excess heat
will alsc cause the body temperature to rise.
The working capacity of an individual is 1i-
mited and primarily determined by the capa-
bility of supplying sufficient oxygen and
taking sufficient fooed. Some factors, in-
fluencing the work capacity, are: Health,
fitness and nutrition. The mechanical
efficiency of human labour can vary from

0 - 20%; the maximum efficiency is seldom
realized, some muscels are permantly un-
favourable loaded. The highest possible
output is being obtained with rhythmic
movements, when a muscle or a group of mus-
cles is being strained and relaxed in turn.
Little is known about the physiclogical

and pathalogical effects of the cumulative
fatigue that arises after many successive
days of hard work; nor it is possible to
define the limits of the physical activity
to which a worker is capable of rising to

in an emergency.



For the assessment of physical load well-
functioning parameters are available; the
assessment 1s based on measuring one of the
following, physiological parameters:

~ Energy consumption;
- Ventilation rate;

- Heart rate;

Body temperature.

Based upon the various physiclogical para-
meters, scaling of the physical load is
possible.

The results of physiological research can be
applied to:

The design of the work-places;

- The comparison of tools or machines;
The comparison of workling methods;

- The improvement of working methods;
The calculation of rest allowances.

Various surveys have been carried cut all
over the world to determine the rates of
work activities in agriculture and forestry;
little is known about the rates of work ac-
tivities in tropical countries. Therefore
physiclogical surveys have to be carried
out in these countries.

Although mechanization can lighten many of
the traditional tasks, working in agricul-
ture and forestry is still an occupation
where much energy may be expended during a
working day.

6. Climate

If a man works under unfavourable climate,
we cannot expect the same kind of performance
we can when the enviromment is optimal. The
comfort of man depends upon the relative
humidity, temperature and velocity of the
air; the subjective judgement of the climate
is determined by the heat balance of the
human bedy.

Physioclogical reactions on heat stress are
mostly an increase of the heart rate, body
temperature and recovery time, as well as

an increased sweat secretion. The general
trend of all studies of the working environ-
ment iz clear: Atmospheric conditions inter-
fering with normal or constant body tempe-
rature reduce mental and physical working
capacity. In essence the core temperature

of the body must not increase above 38 ©C in
prolanged daily exposure to heat and intense
physical work; moreover, the diet - in par-
ticular the intake of flulds and salt - must
be adequate to replace losses. The thrist
mechanism is not very sensitive, so that
People exposed to heat must he encouraged
to drink more. Weight losses due to dehy-
dration should not exrceed 2-3% of the body-
weight.

On tools and machines the provision of an

optimum temperature in not easy, but some-
thing can be achieved with a shield or a
cab.

Next to the components, as well as their
processes and feedbacks, of a man-task system,
it is necessary tc deal with some special
aspects, in particular safety and social
environment.

Human beings at work are very liable to make
mistakes, leading to acecidents or injuries to
themselves or to others, damage to the equip-
ment (Tools, machines, implements, etc.), or
just annoying hold-up. The incidence of er-
rors can be reduced by applying the princi-
ples of ergonomics. In general, the safety
of the equipment's users is the joint res-
ponsibility of the desipner and manufacturer,
the owners or users and all officials who

are employed tc ensure safety.

All have a part to play and in each case
the application of "common sense™ is one
of the most effective faectors in ensuring
freedom from hazards.

The reduction of accident hazards in tropi-
cal agriculture and forestry may be divided
by:

- A study of the statistics of accidents,
injuries or fatalities in relation to
the usage of the equipment.

- The primary causes of such accidents, in-
cluding considerations of the hazards
most likely tc cause injury or death.

In addition to these approaches, safe design
can be achieved by following certain prici-
ples - in particular: Laws, regulations and
safety assessment metheds -, as well as by
education of the users.

It is undeniable that work in agriculture
and foresiry is more hazardous than it used
to be. There is a number of circumstances
peculiar to agriculture and forestry,

which contribute to what is recognized to
be high accident rate; these are:

- Varying terrain, ground and weather
conditions;

- Seasconal peaks demanding sustained effort
and extra hcurs;

- Most workers on their own and when in
difficulty, have no help within call;

- Inadequate training in the use of equip-
ment.

It is possible to state a numbker of positive
principles, which will generally lead to
safe use of equipment; per example:

- Provide adequate training in using equip-
ment;

15



- Provide the worker with equipment, which is
free from fatigue and stress-inducing
features;

- Provide clear identification of controls
and instruments so that misuse is elimi-
nateds;

~ Provide easily reached and operated
"emergencystop" facilities:

- Ensure that the equipment cannot be set in
motion by accident.

Design measures need to be backed up by ade-
quate safety education and supervision, but
correct design for safety does have one large
advantage over safety education and perio-
dic supervision; it makes the equipment in-
herently safe without being dependent on

the mental attitude of the user.

Social environment

Features of the social environment as com-
munications, responsibilities and working
in groups alsc present problems. These can
be dealt with partly under the heading of
-job design by providing clear job defi-
nitions and instructiens, but the adapta-
bility eof the worker and the everchanging
requirements of his job lead to conside-
rable dependence on day-to-day contact
with other pecple.

Conclusions

It is not likely and not necessary that a
human being must be able to adapt himself
to his task indefinitely. For this reason
ergononice would be considered as a fun-
damental subject and an essential part

to improve the working conditions in agri-
culture and forestry in tropical countries.
The cooperation of man and equipment has
been described by a man-task system, in
which all processes - in particular anthro-
pometry, perception, selection and action -
and their feedbacks are determining the
health and work load of human beings, as
well as the safety and performance of the
system,

It has not been the intent of this paper

to compile and organize an amount of
available pertinent information related to
hyman attributes and behavior. Rather, the
intent has focused around certain, more
modest objectives. These include the pre-
sentation of at least more information
about certaln human characteristics, that
might contribute to greater understanding
of human behavior and performance. In
addition, efforts have been made to
illustrate the ways in which human abilities
and other characteristics are related to
their performance in various aspects of
human work and to the performance of the
gystems of which they are a part. It has
also been the intent to present discussions

16

of at least some techniques, methods and
results, as well as to discuss some
aspects of the application of ergonomic
data and principles.

The human factors - especially the appli-
cation of ergonomics in agriculture and
forestry - not only deserve full attention,
but are determining for workers in tropical
countries, whether or not they will have
reascnable working conditions in the future,
which can bear the comparison with other
professions. The awareness of the many
human aspects of the living and working
conditions in tropical countries, is at
least the first prerequisite to create
those conditions in which human talents

can be most effectively utilized in the
furtherance of human well-being.

Resumen

La ergonomia se ocupa con la situacion de
trabaje, con el fin de realizar una relacion
sumamente favorable entre el hombre y su
tarea, en la que séra posible mantener el
equilibrio acertadc entre el trabajador y
las condiciones de trabajo. Se describre el
modelo - inclusive los procedimientos y
realimentaciones que determinan tanto la
salud y capacidad del trabajador come el
funcionamiento y la seguridad del sistema.

El trabajo en la agricultura y silvicul-
tura es de gran importancia en les paises
trépicos; la ergonomia puede contribuir al
mejoramiente de las condiciones de vida y
trahajo en este respecto. Se trata de las
diferencias entre condiciones de vida y
trabajo en la agricultura y silvicultura
de zonas trépicas y templadas.

El desconocimiento de la mayoria de las
condiciones en regiones trépicas desde un
punto de vistd ergonémica es la base para
el desarrolle futurc de la ergonomia en la
agricultura y silvicultura trépicas, y con
este motiva se estudian varias posibilida-
des.

Résumé

La science du travail a pour domaine la
situation du travail, et son objectif est
de mettre au point un systéme optimal dans
lequel il soit possible de maintenir un
dquilibre adéquat entre le travailleur et
les conditions de travail.
Le modéle est décrit - avec les processus et
les réactions qui &éterminent la santé du
travailleur et sa capacité de travail - ainsi
que les réalisations et la sécurité du systéme
Les traveaux agricoles ef sylvicoles jouent
un rdle important dans les pays tropicaux;
la science du travail peut contribuer &
1'am&lioration des conditions de vie et de
travail dans ces domaines, Les différences
dans le travail et les conditions de travail
en agriculture et en sylviculture entre les
zones troplcales et les zones tempérées sont



dtudiées.

Les possibilités de futurs développements de
la science du travail dans l'agriculture et
la sylviculture tropicales seront mentionées,
en tenant compte de l'ignorance de la plupart
des conditions prévalant en matiére de science
du travail dans l'agriculture et la sylvicul-
ture tropicales.
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* siderable volume of results.

i

NUTRITION AND PHYSICAL WORKING CAPACITY

0, G. Edholm

University College Londeon, England

Summary

Agricultural workers in tropical couniries
are, in ‘general, shorter and lighter than
their European counterparts. Since physical
work capacity, estimated in terms of oxygen
consumption {VOp pax} is related to body
weight, the tropical worker, even if healthy
and adequately nourished, may find many
agricultural tasks involve exhausting
labour. Disease, particularly malaris and
parasitic diseases such as hookworm, are
common and impair physical work capacity.

Levels of nutrition vary in different
tropical regions: in some areas there is
adequate food production, in others there

‘may be sufficient food available in terms of

calories but protein intake is very limited.
In New Guinea, sodium intake is exception-
ally low and is replaced by potassium, In
large areas, such as India, the overall
level of calorie intake is low and this
affects growth and hence physical work
capacity.

Intraduction

The accurate measurements of physical work
and of food intake are not easy to achieve;
the difficulties are increased when the
measurements have to be made in field condi-
tions, Until recently, information about
tropical agricultural workers was scanty,
but the Human Adaptability Section of the
International Biological Programme was res-
ponsible for worldwide studies which includ-
ed physical work capacity and nutrition,
Although there remain large areas of
ignorance, it is now possible to make some
general statemsnts, supported by a con-
A number of
volumes have appeared in which the results
obtained have been summarised, including
"Human Physiglogical Work Capacity" by R.J.
Shephard, '"Worldwide variation in Human
Growth" by P.B, Eveleth and J.M, Tanner, and
"Population Structure and Human Variation™
edited by G,A, Harrison, These volumes
include detailed references to the many
hundreds of relevant papers, Before pre~
senting any of this material, some general
points should be made,

Working capacity
This term, it is now widely agreed, refers

to the individual's maximum oxygen consump-
tion, V02 pax- The measurement of V02 pay
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is a4 relatively demanding procedure, usually
carried out with the subject riding a bicyck
ergometer at 4-5 levels of work, beginning
at a relatively low level and ending at the
limit of the subject's capacity. Expired
air is collected and the Cp content measured,
hence oxygen consumption can be determined,
The results are conventionally expressed in
terms of ml Op/min/kg body weight or, in a
more sophisticated way, mi Og/min/kg lean
body mass.

In many field situations it is not easy to
carry out such a procedure. Apart from the
logistic problems of getting the necessary
equipment into remote areas, there are the
difficulties of persuading a sufficient num-
ber of subjects to exert themselves to their
maximum capacity. In some cases, a dbicycle
itself may be a novelty, although there is
geod evidence that valid results can be ob-
tained from naive suhbjects. For these
reasons, simplified technigues have been
used, such as the measurement of heart rate
at different levels, together with oxygen
consumptiion, but stopping before the state of
maximum effort, Plotting heart rate against
oxygen consumption should give a straight
line; this can be extrapolated to the pre-
dicted maximum heart rate (8strand & Rhyming,

1954}, Instead of oxygen consumpticn the
energy expenditure or work rate in watis can

be used. Other methods include the measure-
ment of the work output at a fixed level of
oxygen consumption or fixed level of heart
rate. ’

Since V03 pgyx is usually cxpressed in
terms of ml Og/mins/kg body weight, it follows
that the subject's body weight is related to
his working capacity. This is too simple a
generalisation, but body weight does provide
a rough index of working capacity. A better
one is lean body mass, i.e., body weight
minus total body fat., The measurement of
total body fat can he done by determining
body specific gravity, which implies weigh-
ing under water; a fairly simple procedure
but requiring eguipment which is not easily
portable. The most widely used field
method is the measurement of skinfold thick-
ness using standard calipers {(Harpenden) and
tables prepared by Durnin & Rahaman (1967).
These and other methods are described in the
I8P Handbook edited by Weiner & Lourie (1969}
(A new edition is in preparation which will
include a number of more recent techniques),
Apart from muscle mass, which is the most
important determination of VOg pay, lack of
training and disease can alter working
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capacity. In some cases, such as malaria,
this impairment is due to a diminished haemo
globin level, which mey be made worse by a
diminished bloocd volume, However, the
effect of disease, although frequently pre-
sumed or assumed, has not been studied with
accuracy. An important exception is the
study by Collins et al. (1976) on the
effects of schistosomiasis on werk capacity.
Mild to moderate infection did not affect
performance in sugar ceme cutting; it was
only with high levels of ova in the stools
that V02 pax was reduced,

Nutrition

The effect of nutrition on working capa-
city is complex, but the most important
relationship is concerned with the energy
content or calorie intake., The law of the
conservation of energy holds good for men,
in spite of appareni contradictions,. TFor
short pericds energy expenditure can exceed
energy intske, and an accumulated deficiency
of some 42 MJ does not appear to affect
working capacity (Edholm, 1977). When the
deficiency exceeds 63-85 MJ then there is a
significant impairment, as found in the
famous Minnesota experiment on human starva-
tion, It is likely, but not yet demonstrat-
ed, that the size of the deficiency needed
to prodice an effect will be related to
muscle mass; the smaller the mass the
smaller the deficiency which can be tolera-
ted.

Protein caloriec deficiency (PCD) is the
second most important nutritional defect,

In practice, this affects children more than
adults and results in kwashiorkor, common in
Africa and the West Indies. FCD is one of
the factors responsible for stunted growth,
and small adult size.

In any mal- or inadeguately nourished
group there may be specific deficiencies of
vitamins, of salts and of minerals. Parti-
cular circumstances may affect requirements;
the requirement for iron will be increased
by diseases such as malaria which cause
angemia,

Although the most useful concept in con-
sidering nutrition and work capacity is that
of calorie balance, the 'extraction ratio’
is a more informative index of the effi-
ciency of food production, The ratio,
introduced into human bioclogy by J.S. Weiner
(1964) concerns the proportion of total
energy expended, which is devoted to food
production. A detailed job anzlysis is
needed, and the calorie value of ali food
produced as well as the calorie value of all
food consumed. Such information needs to
be collected over a period of a year, to
cover seasonal changes not only in climate
but also, more relevant, the variations in
physical activity on the land, In this way
an overall budget can be constiructed showing
the net annual balance as well as the true

extractive ratio, Needless to say, very
few investigations have so far been carried
out which provide sufficient data to enable
the extractive ratio to be calculated,
except in a tentative way.

The available information will be pre-
sented in the form of summaries on a
regional basis, A few comprehensive
investigations will be described in more
detail.

New Guinea

An Anglo-Australian research team,
organised under the HA Section of the IBP,
carried ocut & study of the islanders of
Karkar, off the northern coast of New Guinea
and of a highland group living near Goroka,
about 100 miles from Karkar. Food intake
was measured over a year, and energy
expenditure at intervals during a year.

In addition, there was an anthropometric
survey and all subjects had a clinical
examination, The climatic conditions to
which the subjects were exposed were
recorded. Hornabrook {(1277) has given a
general account of the results, details of
which have been publishgd in Phil., Trans.
Roy. Soc. B, 268, 1874, {see list of refs.,
New Guinea},

There were some unusual features as
regards nutrition. The highlanders have
an exceptionally low intake of sodium and a
correspondingly high potassium intake. The
main food is cassava, with other vegetables,
so the amount of animal protein consumed is
small. In spite of an apparentiy unsatis-
factory diet, the adult men are well
developed, with gcod musculature, little
subcutaneous fat, and a VOg jax of over
50 ml/min/kg body weight, equivalent to
amateur athletes in the UK,

The highlanders live at an altitude of
1500-2000 m where the climate is not demand-
ing, although it is so cleose to the equator.
On the island of Xarkar, there is little
seasonal variation in weather, which is hot
and humid, The islanders consume more
protein than the highlanders, principally in
the form of fish. They work in their
'gardens' growing fruit and vegetables in
clearings in the forest. The results of
the various measurements are shown in
Takle 1.

It will be seen that in spite of an highly
expert team there are discrepancies between
intake and expenditure. Such findings
illustrate the great difficulty of obtaining
absolutely reliable findings under field
conditions, Apart from these problems, the
results show that the levels of energy
expenditure are not particularly high,
except if allowance is made for body weight
and height. These people are quite well-
nourished, with a satisfactory level of

V0o max-
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Table 1, Results of measurements of New
Guinea subjects,

Karkar Goroka
Male Female Male Female
Intake (MJ) 8.2 5.9 10.5 8.8
Expenditure 9.8 7.5 10.9
{MJ)
V02 max
40 30
(ml /min kg)
Height (cm) 165 156 162 152

Weight (kg) 58.3 52.4 59,7 52.4

The Gambia

One of the most effective studies in this
field was carried out by Fox in 1930-51 and
the results were published in the form of a
Ph.D, thesis in 1953. Fox studied the
inhabitants of a village in the Gambia for
over a year, The villagers lived in a
forest area, close to the river, and their
cultivated land consisted of clearings in

- the forest. In the period following har-
vest, body weight rose with plentiful food
and little work to do on the land. Body
weight stabilised and then fell as on the
one hand land had to be prepared and, on the
other, food stocks diminished. In the
final stages leading up to the harvest, the
work load was heavy but food by then was
becoming exhausted. The physiological cost
of performing some of these tasks is shown
in Table 2.

Table 2. Energy expenditure in the Gambia,

Task ‘Energy cost Oq cons.
above basal (1/min)
(MJ)
MEN
Clearing 1.5 1,45
Ridging 2,2 1.93
Planting 0.65 0.76
Weeding 1.0 1.00
Hoeing 1.25 1.15
WOMEN
Pounding rice 1.0 1.00

The results show that some of the tasks
required the expenditure of effort which
probably exceeded 50% of the physical work
capacity of the villagers, They can only
work for limited periods if oxygen consump-
tion exceeds 1 litre Op/min, and such work
has to be done in the relatively cool
conditions early or late in the day. Hot,
humid conditions limit pbysical working
capacity, a fact which has often been
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confirmed in experiments in climatic
chambers; this limitation is mainly due to
the rise of body temperature. Fox's
results showed that in any one short period
the villagers were either in calcorie deficit
or excess, hardly ever in balance, but over
the course of a year intake balanced
expenditure. It is probable that such a
pattern will be found wherever food produc-—
tion is marginal, with little or no surplus.
In the case of the Gambia villagers, they
did have a surplus (of groundnuts} which
they sold for cash, But the money earned
was spent on trinketis not eon food,

Israel

An IBP study was carried out in Israel on
two groups of Jewish settlers, one from
Kurdistan {(the region atraddling the border
between Iraq and Iran) and the other from
the Yemen (Bdholm & Samueloff, 1973; Edholm
et al., 1973), The members of these
groups lived in adjacent villages in the
Negev, the semi-arid region in the south of
Israel. They carried out similar agri-
culture, using irrigation, and in the hot
summers and mild winters cultivation was
continuous. There was no period specially
devoted tc harvest or to soll preparation.
At any season some crops were being har-
vested and others were planted. From the
measurements and observations made it
appeared that energy expenditure was at
about the same level, averaging 12.5 MJ/day
throughout the year for ihe men, Details
of VOy pgx, food intake, ete., are given in
Tables 3 and 4. The extractive ratio has

Table 3. Maximum aerobic power - predicted
at heart rate 195/min of Yemenite and
Kurdish Jews

Male Female

Mean $.D. Mean S.D.

Yemenite Jews

1/min 2.9%8 0.5C 1.77 0,43
ml/kg body mass 46,91 5.27 38.40 7.73
ml/cm height 18.23 2,81 11.65 2,60

ml/Kg lean body so 4g 907 62.40 15.63

mass
' Kurdish Jews
1/min 2.89 0.46 1.63 ©.33
ml/kg body mass 44,45 7.05 28,86 8.28
ml/cm height 16.72 2.67 10.51 1.98
mi/kg lean body g5 15 15,20 54,38 10,70
mass

not been calculated as the energy value of
the food preoduced was not estimated, In
terms of income and food intake, it was
clear that a considerable profit was made on
the sale o. produce. The pattern of energy



expenditure varied considerably amongst
individuals and there were large daily
variations in individuals. Nevertheless, it
could be estimated that of the total 12.35 MJ
expended per day approximately cne-third to
two~-fifths was involved in farming activity.

Table 4. Daily energy expenditure and
intake (MJ) of Yemenite and Kurdish Jews

Yemenite Jews Kurdish Jews

Male Female Male Female
Summer
Expenditure 12,7 8.5 2.7 9.4
Intake 13.4 9.5 5.0 11.4
Winter
Expenditure 12,6 10.0 13.0 10.0
Intake 11.8 9.5 16.1 11.9

The standard of farming was relatively
sophisticated, and was rapidly becoming mare
so. Both the Yemenites and the Kurds who
were studied were in the age group 20-30 and
had been born outside Israel. Their parents
had been poor, living in primitive condi-
tions, and when they arrived in Israel were
in many cases malnourished and frequently
had serious diseases (tuberculosis, malaria,
schistosomiasisg). After their entry into
Israel (1950-52) they were settled in their
own (new) villages where their standard of
living gradually improved. The age group
studied (20-3C yr) were by 1968-6% taller
and heavier than their parents.

1t was estimated that some 80% of thase in
the age group in the villages studied were
examined clinically and anthropometrically,
The remaining 20% included a number absent
on military service, some who were sick, and
others (about 5%) who refused to take part.
Only a proportion of the 80% were avallable
for the laboratory measurements of VOg pgx
as it was often difficult for farmers to bhe
absent for a day, and of the potential 200
subjects some 85 were tested.

Africa

A number of the IBP studies in Africa have
been presented in papers published under the
title "Human Biology of Environmental
Change"” (1972). One of the papers describes
a4 study in Nigeria by Ojikutu et al, (1972).
They examined villagers, students and
industrial workers, The VOZ max Was pre-
dicted from measurements made during sub-
maximal exercise, The villagers had a
maximum oxygen intake of 48.4%4.1 ml/min/kg
body weight, or 61.2%3.3 ml/min/kg lean body
mass, They weighed 61.63%4.55 kg, were
169.2*4.58 cm tall and were 253 years old,
Compared with the industrial workers, the
villagers were, in terms of V0gp gy, inter-
mediate between the heavy and the light

industrial workers, The m&in purpose of
this study was to examine the heat tolerance
of the subjects and no nutriticnal investi-
gations were undertaken,

In Zaire, two tribes have been studied by
Ghesquiere (1972) and Austin (1974), These
are the Hutu and the Twa; in Table 5 are
given the results of the measurements made,

Table 5, Characteristics of two African
tribes.

Hutu Twa
n 27 23
Height (cm) 169.010.5 1860.0}0.28
Weight (kg) 56.010.7 51.210.8
Vital capacity (1) 3.8210.02 3.17+0.08
VOq (ml/kg/min) 42,710.54 47,.5%0.80

The Twa are significantly shorter and
lighter than the Hutu but their VO3 pax
expressed in terms of kg body weight is
significantly higher than that of the Hutu,
Austin examined the habitual activities of
these two groups. They are swidden (slash
and burn) agriculturalists who also hunt,
The men clear and burn areas for new fields,
hunt and fish, anrd alsc build and maintain
the village houses. The women are
responsible for the crops, planting, hoeing
and harvesting. In addition, the women
collect firewood and carry it back to the
villages where they prepare the plants which
they have harvested for cooking, Such
preparation takes many hours of work.

The day begins between 0500 and 0600 hrs,
with a light meal fcllowed by 10-30 min walk
to the fields. The women work for about
4 hours and then return to the village to
prepare food; after working and eating the
women rest for about 2 hours and then pre-
pare the evening meal which is eaten about
1900 hrs, The men work for about 3-4 hours
in the morning, on the average 3 days a week,
preparing new fields by clearing and burning
brush and undergrowth. They hunt using
bows and arrows, stalking game, but there is
considerable variation between individuals
in the frequency of hunting,

The Bantu have been studied extensively Dby
Wyndham and his colleagues (1972); they have
alsc examined some Bushmen. In the Bantu
the maximum Oz consumpticn ranged from 41.0
to 46.4 ml/min/kg body weight; the Bushmen
attained 47,1 ml/min/kg body weight,

Pramprero and Ceretelli (1969) measured
V0o pax in the Turkana, Dorobo and the Masai
in East Africa. The results were similar in
the three tribes, being between 45 and 50
ml/min/kg body weight.

South America

In South America, P. Baker (1966) has
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studied the Shipibo Indians who live in a
hot and humid climate, The men were, on
aversge, 152 cm high and weighed 59 kg.
Similar results were obtained by Newman
(1962) on other Amazonian tribes in whem
the men weighed 55-538 kg and were 154-159
cm high, Baker measured the body tempera-
ture and heart rate in the Shipibo Indians
during walking at different speeds, and
concluded that they were physically fit.

Gardner {(1973) measured V02 pax in the
Warac Indians who live in the forests of
Venezuela, His results were relatively
high with & mean figure of 51.2 ml/kg body
wt/min. The nutrition of these Amazonian
tribes is based on starchy plants like the
sweet potato supplemented by some protein
from hunting game. 1t is evident that there
is considerable variation between tribes and
within each tribe there is some seasonal
change,

The nuirition of people living in tropical
areas varies considerably from onhe region to
another. Many have a low protein intake,
and even more have a low calorie intake,
Much of the available information is based
on assessments of the total amount of food
available over a period of a year, indivi-
dual intake being calculated from the total
nunber living in the area, with adjustments
for children and for women, Such food
balance sheets are only reliable if an
accurate measurement can be made of all
available food. Ultersdorf (1272), writing
about nutrient intake in East Africa, points
out 'most people live as subsistence farmers
and there is little exact information about
yields, storage iosses, consumption of wild
leaves and berries', Such a statement
applies to many other tropical areas; exact
knowiedge depends upon results of dietary
surveys, Relatively few such surveys have
been carried out; however, the figures
arrived at by such surveys show thal calorie
intakes can be lower than expected,

In India, average intake as calculated
from food balance sheets is low, of the
order of 6.3 MJ/day. There is considerable
reliance on these food balance calculations,
as there is a continucus assgssment of food
production throughout the country. Never-
theless, there are great variations in such
a large couniry, so detailed information is
really needed but, as Devadas & Easwaran
(1272) point out: "Quantitative data on the
food and nutrient intake of these vulnersble
sections (i.e., poor socio-economic groups)
are scarce'. The authors' own findings
showed that calorie intake of expectant
mothers averaged 5.8 MJ/day. Similar find-
ings have been reported by others,
direct measurements of villagers engaged in
agricultural work do not appear to have been
done, it seems probable that food intake is,
on average, low throughout India. In some
regions, such as the Punjab, the people are
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Al though.

taller and heavier than those living in the
south of India, and their level of nutrition
is presumably higher also. There is no
doubt that much more detailed information is
required,

The inhabitants of tropical regions who
livée by farming the land are, in general,
small people, and with a level of oxygen
consumption which is low in terms of the
physical work they may have to do, but is
comparable to that found in western
countries when expressed in relation to body
waight, In many cases, physical work
capacity is impaired by disease, of which
malaria is the commonest.

Nutrition is extremely variable, but there
is reliance on foods such as cassava,
millet, sweet potato, and other starchy
roots. Protein intake is frequently low,
The seasonal variation of farming activity
implies that there is also & seascnal varia-
tion in energy requirement. It has been
shown that this can result in periods of
plenty and pericds of inadequate food intake,
Whether such yariation is widespread is not
yet known.

There has been a considerable increase in
knowledge thanks to the International
Biological Programme, The studies conducted
under the auspices of the Human Adaptability
Section of the programme have, however,
served to underline cur ignorance of the
majority of those living and working in
tropical regicons.
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Resumen

Cbrercos agricolas en paises trépicos
generalmente son mds cortos y ligeros que
sus eguivalentes europeos. Ya gque la capa-
cidad fisica de trabajo, estimada por lo
que se refiere al consume de oxigenc
{(vo ) estd relacionada con el peso del
cuerpc, el obrerc trdpice, aungue sSea sano y
bien nutrido, puede descubrir gque muchas
tareas agricolas ccasionan trabaijo agotador.
Enfermedades particularmente malaria v enfer-
medades paréditos como anguilostoma, son
comunes vy debilitan la capacidad fisica de
trabaijo.

Niveles de nutricidn varian en diferentes
regiones trdpicas: en ciertas zonas hay
produccién adecuada de alimento, en otras
se dispone de alimento suficiente en cuanto
a calorias, perc la toma de proteina estd
limitada.

En Nueva Guinea la toma de sodio estd excep-
cicnalmente baja y es substituida por potasioc.
En enormes zonas, come India, el nivel total
de toma de calorias estd bajc vy eso afecta

el desarrollo y, por consiquiente, la capa-
cidad fisica de trabajo.

Résumé

Les travailleurs agricoles dans les pays
tropigues sont en général plus petits et
plus légers gque leurs colldgues eurcpéens.
Comme la capacité de travall physique,
estimée en termes de consommation &'oxygéne
{vo ) dépend du poids de 1'homme, méme

2max
le travailleur tropical adégquatement nourri
et jouissant d'une bonne santé, peut trouver
que beaucoup de travaux agricoles demandent
une labeur é€puisante.

Les maladies, surtout la malaria et les
maladies parasitaires telles gue
1'ankylostomiase sont fréquentes et font
diminuer la capacité de travail physique.
Les niveaux de nutrition différent d'une
région tropicale & l'autre: dans certaines
régions la production alimentaire est
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adéquate, dans d'autres les aliments
disponibles, tout en fournissant assez de
calories, contiennent trés peu de protéines.
En Neouvelle Guinde, la consommation de
sodium est extrémement faible et cet

&lément est remplacé par la potasase. Dans

de vastes régions comme 1'Inde, la
consommation générale de calories est faible,
ce qui réduit la croissance et par 13 aussi
la capacité de travail physique.
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in the cane fields. The VO
. 2 max

PHYSICAL WORK CAPACITY OF THE TROPICAL WORKER IN RELATION TQ PRODUCTIVITY AND IRON

DEFICIENCY ANAEMIA

c.T.M. Davies

London School of Hygiene & Tropical Medicine, London, England

Summary

Data ccllected by the author during a
2-year stay in the tropics suggest that
physical working capacity (PWC), measured
as the maximal aerchic power output
(V02 max) of African agricultural workers

engaged in sugar cane cutting, gives a rela-
tively poor guide to measured work output
was found

to be independent of the workers' absolute
productivity in tems of kilotons of cane
cut per season and showed only a weak
correlation (r = + 0.46) with daily cutput.
In statistical terms VO2 max accounted for

< 25% of the total variance of productivity,
thus when making recommendations regarding
Ergonomics in tropical agriculture, this
physiolegical observation should be bourne
in mind and some consideration given to
such social and psychological factors
{motivation, skill, experience and standard
of leadership) which may influence the
general working environment. It was found

that the marked diminution in VO
2 max

{v 40%) resulting from severe {(Bb < 5g/100ml)
iron deficiency anaemia cculd be reversed
cver a pericd of 3 months oral iron therapy
provided the treatment was supervised and
the subjects remained active.

Introduction

Professor Edholm in his paper on nutrition
and physical working capacity (PWC) of the
tropical worker identifies PWC with maximal

aerobi . -
robic paower output (902 max) This proce

dure has now gained international acceptance
on the basis that the VOZ max essentially

weasures the ability of the cardiorespiratory
system and working muscles respectively to
transport and utilize oxygen, and thus must
ultimately reflect the body's capacity for
sustained work. It has alsc been shown that
the v02 nax C2F be influenced by age, race,

sex, physique and training and although none
of these factors is in dispute, a vital

Yuestion, in my view, for this symposium to
consider is whether the 002 max is actually

Telated to work output under tropical agri-
cultural and forestry conditions? To my
knowledge, apart from the study I shall
describe, no one has attempted to answer

this question in the developed or developing
tropical countries of the world.

Productivity

In 1972 I was presented with an opportunity
to study the productivity and PWC of East
african sugar cane workers on the Kilombero
Sugar Estate, Kidato, Tanzania. The investi-
gation has been published in full (Davies
1973, and for the interested delegate, also
see Davies et al 1976, which covers some
later work in the Sudan), but briefly, for
present purposes, the 585 sugar cahe workers
employed on the estate were screened at the
beglnning {May) of the season for age, weight,
height and bhlood haemoglobin concentration
during a routine medical éxamination. From
the detailed records of the actual work
performed in the cane fields in terms of
tonnage of cut cane by each worker which were
meticulously kept by the management (the
cutters were individually and daily paid on
this basis and absenteeism was noted) and the
preliminary medical data {(men with parasitic
infection or anaemia were exclused -
see below). 80 men were selected and divided
evenly (in the event 2 became sick and had
to be excluded) into 4 groups: young {(18~35yr),
low, medium and high output workers and older
(> 35 yr) men. These subjects were measured
towards the end (December) of the cane cutting
season in a field laboratory set up to measure
PWC in terms of v02 ax.

The results showed that the total work out-
put {(in terms of kilotons of cane cut per *

season} was independent of their VO The
2 max.

correlaticn coefficient (r) hetwaen the two
variables was + 0.21 (P > 0.05), the slope
of the regression line did not differ signi-
ficantly from zero. However, further analysis
of the data revealed tha% this observation
was to some extent misleading as the high
procedures appeared tc spend less time (i.e.
they worked at a higher rate} to produce a
given output and voluntarily absented them-
selves less from the cane fields.

The low producer on the other hang worked
more days to achieve the same output and tock
more unpaid "rest" days away from the fields.
Thus, if the data were reanalysed in terms of
daily productivity (kilotons of cane cut per
day) a significant (P < 0.001) and positive

agsociation (r = + 0.46) with VO was
2 max

cbtained. The absentesism rate showed a weak
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but significant (P < 0.001) inverse relation-

ship (r = -~ 0.32) to VD

2 max.
These observations suggest that the VO
2 max
is related to productivity in an occupation
which demands a high level cf energy expendi-
ture but the intersubject variability is
large and as a single factor only accounts
for approximately 21% of the total variance
of daily cane cutting output, clearly the

individual predictive value of VO and
2 max

as an indicator of work output under the
ohserved conditions is useless, but on a
group basis it has some merits. The high
producers (group 1) possessed Vv 20% advantage
in VOZ & Over the low producers {group 3)

which was exactly parallelled by the diffe-
rence in their work outputs and the decline
of V02 x Observed with age (group 4} was

raflected in a concomitant fall in producti-
vity (Table 1). Nevertheless measurement of
the PWC in the form of VO leaves at
least 79% of the variahillt$a§f actual work
output unexplained and I think this rather
unpalatable “fact” must be bourne in mind
by the delegates attending this symposium.
Work physiology is a challending but diffi-
cult field in which to work, for as in all
aspects cof human endeavour, there is always
a strong interplay between psychclogical
and physiological factors which only serve
to confound the often hapless investigator.
We must accept that such factors as skill,
motivation, experience, standard of leader-
ship, attitudes, moods, etc., may play a
more important role than PWC in determining
the contributicn of ergonomics to human
agricultural proklems in the tropics.

This is an important conclusiocn, but
having stated it, one must be careful not to
imply that the limitations of Voz , 85 an

index of working capacity affects, in any
way, its validity as a physiclogical tool
for studying the O2 transporting system

and the assessment of the aercbic work
potential of an indicidual per se. It
merely serves to place a constraint on the
ergonomist working in an applied (and in the
context of this symposium, tropical) situa-

tion. It is against this background I would
like to make some final observations on a
second topic raised (but not discussed)

in Professor Edholm's opening address, that
of the potential debilitating effects of
iron deficiency anaemia.

Tron deficiency anaemia

Anaemia still remains endemic within most
tropical countries particularly those of the

developing third world (Figure 1). It will be
1000 —~
+
Mean 12,3 - 1.73

2

[5]

2 |

&

: |

s |

§ 500 - I

E

)

z

< 4 & g8 10 12 14 16 18
Hb - g 100mi -1
Figure 1, Histogram showing the distribution

of blood haemoglobin concentration of 3400
urban East African workers.

noted that 15% of the population have Hb
levels < 10g/100ml and 50% < 12g/100ml, the
recommended lower 1limit for normal healthy
subjects by the World Health Organization.
The aeticlogy of the disease is well known,
but there are few studies of the effect of
iron {mainly due to nutritional) deficiency
anaemia and from these, the data are conflic-
ting and the evidence confused {(Davies et al
1973) . The data I shall present &re again
based on published work (Davies et al 1973

Table 1. Maximal aerobic power output (VO, max) » absclute product1v1ty, daily productivity

and absenteeism from the cane fields.

Group . n {1/min) 05 max
(ml/ﬂg.min)

1 High producers 20 3.20%#%3,4 51.0%%*3.4

2 Medium producers 19 2.95 48,0

3 Low producers 19 2.80 47.3

4 Older men 20 2.76 43.0

absolute cutput Relative output Absenteeism

(kilctons) {kilotons/day) (days)
IH1AA42,3,4 3.51##*2,3 4 g,7*%42,3,4
295 3.04%#43 15,2#=223
252 2.60#*E4 21.1%%44
287 2.95 14.7

Comparison of groups -
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and Davies and Van Haaren 1973) resulting
from my 2 yr stay in East Africa. During thie
period two investigations were carried out.
The results of the first in which 33 subjects
were studied: 16 contrels (Hb = 14.5 __l.é
g/100mi) ; 7 moderately anaemic (Hb = 9.2 -
8g/100ml) and 10 severely anaemic (Hb = 6.7
+ 1.1g/100ml), are summarised in Table 2.
The data show uneguivocally that iron defi-

The
ciency anaemia markedly reduces 002 max.

effect beccmes apparent at or helow a Hb
level of approximately 1lg/100ml (Figure 2).

At Hb < 5g/100ml the decrease in V02 max is

of the order of - 40%. These low levels of
Hb were associated with "compensatory"
changes_in the cardiorespiratory system (e.g.
plasma |but not blood] volume increased,

L0 S

®

a

]

&
> 10 A

s

<}

o - )
g o]
£

5

‘E-m ]

£

Eo

8

b

a

T
13 10 5
Hb 5 /100 ml.

Figure 2. The relationship between the de-
crement in maximal aerobic power output
(% A 002 L asa function of plasma haemoglo-

bin (Hbk) concentration. Mean data.

Takle 2. The age,
and maximal areokic power output (002 max) cf h
and severely aneamic (3) subjects. Mean + 5D da

cardiac frequency and output for a given
oxygen intake were raised and the heart

volume at rest was enlarged {for details see
Davies et al 1973) but these were insufficient
to offset the diminished VOZ of the seve-

rely anaemic subjects when compared to their
healthy controls.

The second study [(Davies and van Haaren
1973) showed that the changes in V02 max

could be reversed by appropriate daily, oral

iron therapy over a 3 month period {[Figure 3).
The practical implications of these studies

for this sympcsium are clear.

In those tropical countries where sccial and

economic develcopment largely depend on sub-

sistence agriculture, forestry and physical

labour, iron deficiency anaemia it left un-

treated will have a serious debilitating

affect on potential human aerobic work per-

formance but (tc end on a positive note!l)

provided the problems of supervision are

overcome (see Davies and Van Haaren 1973)

it would seem (Figure 3} that this problem

is soluble and {using cral iron tablets),

at minimal cost to the community.

References -
Davies, C.T.M., 1273. Relationship of maxi-
mum aercbic power output to productivity and
absenteeism of East Africam sugar cane
workers,. Brit.J.Ind.Med. 30, 146-154,

bavies, C.T.M., A.C. Chukweumeka and J.P.M.
Van Haaren, 1973, Iron-Deficiency Anaemia:

Its effect on maximum aerobic power and
responses to exercise in African males aged
17-40 years. Clin.Sci. 44, 555-562.

Davies, C.T.M., and J.P.M. Van Haaren, 1973,
Effect of treatment on physiclogical respon-
ses to exercise in East African Iindustrial
workers with iron deficiency anaemia. Brit.J.
Ind.Med. 30, 335-340.

Davies, C.T.M., J.R. Brotherhood, K.J. Collins,
C. Doré, F. Imms, J. Musgrove, J.5. Weiner,
M.A. Amin, H.M. Ismail, M.El. Xarim, A.H.S.
Cmer and M.Y. Sukkar, 1973. Energy expenditure
and physiolegical performance of Sudanese
cane cutters. Brit.J.Ind.Mead. 33, 181-186,

height (ht), weight (wt), blocd haemoglobin concentration (Eb),

ealthy controls (1) and moderately (2)
ta

Group n Age Wt Ht Hb VOy lax
(yx} (kg) (cm} (g/100m1) tlamin)

1 16 27.1 54.7 165.6 14,5%*%2,3 2.88%##3
+7.1 +5.4 + 4.3 +1.5 +0.46%%2

2 7 23.7 50.9 164.0 g, 2x*r3 2.20
+9.7 +8.4 + 7.2 +0.8 10.42

3 10 22.0 54.4 163.7 6.7 1.90
+6.2 +5.4 +2.8 +1.1 +0.37

Group comparison as in Table 1 ### P < 0,001 ; ** P < 0,01







