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Preface

The International Labour Organisation’s concern with the
safety, health and welfare of agricultural workers derives from its
Constitution, which requires it to further programmes to achieve
adequate protection for the life and health of workers in all
occupations. Following the Second World War the International
Labour Office embarked on a series of activities at the international
level to improve the occupational safety and health of the numer-
ous persons in the agricultural sector, at that time considered
a neglected branch of economic activity, and in 1965 it published
Safety and health in agricultural work, a code of practice on the
subject. The recommendations in the code, which were expressed
in the form of concise rules with a minimum of explanation and
detail, were intended for the guidance of authorities, professional
groups and all those with responsibilities in the promotion of
occupational safety and health in agriculture, including the self-
employed farmer. Agriculture was taken to mean farming, in-
cluding cattle and fruit farming, but excluding forestry and the
manufacture of food products in factories.

The code was followed in 1969 by a related Guide to safety in
agriculture. The guide concentrated on the same aspects of safety
as the code, but in more detail and with additional explanations
and illustrations; it dealt only in summary fashion with matters
of health and hygiene. It was mainly intended for economically
advanced countries, but was also expected to be useful to those
countries where agricultural mechanisation was spreading rapidly.

The present guide, on health and hygiene, completes the triad
of ILO publications intended for the protection of the agricultural
worker from occupational accidents and diseases. With its pre-
decessors, it provides a wide spectrum of information on agricul-
tural health hazards and their prevention.

It is hoped that this guide, which focuses on the problems of
developing countries but deals also with issues of concern to
industrialised countries, will be a useful source of reference for
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all persons and bodies with responsibility for health and hygiene
in agricultural work, including teachers, persons in charge of
agricultural undertakings, employers’ and workers’ organisations,
farmers® co-operatives and self-employed farmers, wherever they
might be.

It is realised that it is not easy to deal in one volume with all
aspects of health and hygiene in all kinds of farming settings, but
the Office feels that the guide will help to improve occupational
health in a branch of economic activity which in many countries
is still rather neglected.

The following specialists collahorated in the preparation of this
guide: Dr. Mostafa A. El Batawi, World Health Organization,
Geneva (Switzerland); Professor L. J. Medved, USSR ; Dr. Don-
ald P. Morgan, United States; Professor G. Preuschen, Federal
Republic of Germany; Professor M. N. Rao, India; Professor
Jean Vacher, France; Professor Marcus Wassermann and Dr.
Dora Wassermann, Israel. Thanks are due for the observations
made on the preliminary drafts by the members of the ILO Panel
of Consultants on Safety and Health in Agriculture, representing
government, employer and worker circles; and particular appre-
ciation must be expressed to Professor L. W. Knapp, Jr., Uni-
versity of Iowa, United States, for his extremely helpful review
of the final text of the guide.
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1. Living conditions and environmental
hygiene

1.1. Introduction

Agriculture has been defined as the science or practice of culti-
vating the soil and rearing animals. It was one of the major
activities of primitive man, and it is still of great economic im-
portance today. During recent years, particularly in the developed
countries, agriculture has been undergoing a technological revo-
lution, as a result of which activities in this sector now range
from primitive hand-ploughing in underdeveloped regions still
untouched by the revolution to highly mechanised farming in
many of the industrialised nations. Agricultural medecine, a
science concerned with the health of the rural worker and his
family, is an acknowledged occupational health specialisation in
some countries, particularly in those where it has been recognised
that there are features peculiar to the rural environment, work-
place and home that affect the health of the agricultural worker.

Rural areas may be defined as areas where agriculture is the
chief or even the sole industry and where there are often few
skills and/or organised community services (such as facilities for
water supply and excreta disposal, control of vectors of diseases,
and similar services). In such areas, where dwellings are scattered
or gathered together in remote small groups, it is difficult to
provide organised community services at a cost commensurate
with the economic resources of the persons concerned. Some of
the larger agricultural labour forces are to be found in the de-
veloping countries, and their members often have to contend not
only with the lack of community services and poor communica-
tions systems but also with the numerous environmental problems
peculiar to agricultural life.

The patterns of life in rural areas are far from uniform, and
agricultural medical and health problems are at least as varied
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as those encountered in industry: in fact, the range of health
problems may be greater in agriculture. At one extreme, in isolated
communities composed of people leading a primitive, nomadic
life, the most urgent need is for basic health services, concentrating
on matters of elementary hygiene and sanitation. At the other
extreme, on large industrialised farms, health services have to cope
with more sophisticated problems—chemicals, noise, vibration,
and so on. Agricultural health problems on modern highly auto-
mated farms may be more complicated than industrial health
problems in the organised urban sector.

In this introductory chapter dealing with general aspects of
environmental hygiene in agricultural life, only certain basic prin-
ciples will be discussed. This exposition is intended in particular
for small farmers all over the world, but those who operate larger
enterprises in developing countries may also draw benefit from it.

1.2. Housing

Strictly speaking, rural housing includes housing in the country-
side used for occasional or seasonal residence by urban dwellers.
However, for the purposes of this guide it will be taken to mean
only housing used for agricultural activity, lived in by the working
farmer, the agricultural labourer or the rural craftsman while he
works a small agricultural holding or practises his craft.

Rural housing differs in some respects from housing for in-
dustrial workers in an urban community:

(1) An agricultural worker’s occupation and home life are not so
distinct as those of an industrial worker, and his working
conditions are blended with his living conditions.

(2) Except in rural slum areas, such as exist on the fringe of some
industrial communities, the chief problem of the agricultural
worker is usually not overcrowding but isolation. He may
suffer from a lack of communications, transportation and
amenities such as gas and electricity. Although the radio for
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many and the helicopter for a few may bring the modern
world nearer, the agricultural worker often has little access
to the advantages of modern science and has to be self-reliant.

(3) Unlike the highly specialised worker living in an urban area,
the agricultural worker has to live closer to nature, with his
livestock and crops, so that the provision of outbuildings has
to be taken into account in agricultural housing programmes.

(4) Many simple housing problems assume exaggerated proportions
for the farmer, and as a rule he will require more technical
advice on housing than his urban counterpart. In the absence
of advice, he is likely to fall back on traditional practices
which may not always be in his best interest. He must therefore
be given a clear explanation of the best methods of construction
to follow, of the kind of materials (including artificial materials)
that he needs and of how to use them. Modern sanitary knowl-
edge and services have to be brought to his doorstep.

1.2.1. Construction
Planning

The opportunities for sanitary amenities are an important
consideration in the choice of a new construction site. Among the
principal health criteria are: orientation (which should take
account of the sun and prevailing winds); good drainage; a good
household water supply; and facilities for sewage disposal.

In many countries, those responsible for regional planning
should envisage the construction of new rural dwellings in groups,
from which the workers could travel each day to their worksite.
This would help to overcome a sense of isolation and at the same
time make it easier to provide better sanitation, water supplies,
educational services, transportation and communications.

For reasons of safety and health, the farmer’s living quarters
should be set apart from outbuildings which house livestock,
crops and implements. Back-to-back construction, as is the
practice in some agricultural communities, is to be discouraged.
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Certain features and practices are common to farmhouses in
many parts of the world, but some of them should be discouraged.
Combining the kitchen and the living-room is not a healthy
practice, and the use of beaten earth for outbuildings and some-
times for living-room floors is not conducive to good housekeep-
ing. The use of cellars, especially in cold countries, can pose some
particular health problems, and crowding the family into a common
living-room in the cold winter months is also unhealthy.

Problems of this kind, like many others encountered in agri-
cultural communities, imply a need for scientific and technical
advice, health education and follow-up control arrangements.
There is clearly a need for persons who can supply these services
with the help of simple reference material suited to local require-
ments.

Construction material

If the materials used and the methods followed are in line with
the provisions of local building and health codes, the risk of
accidents and fire is likely to be small. However, in isolated com-
munities it may not be possible to ensure that the provisions of
such codes are applied or that inspections are carried out.

While the choice of roofing material usually depends on what
is available locally, whatever kind is used should be a good insula-
tor against external temperature changes. Straw or thatched roofs
afford effective protection against solar heat or intense cold, but
they offer a serious fire risk and are not to be recommended.

The problem of damp flooring and walls should not arise if
suitable construction materials or simple damp-proofing tech-
niques are used.

In many agricultural communities, termite infestation is com-
mon. These destructive insects can weaken the structure of wooden
buildings, thereby creating a risk of accidents. Wooden founda-
tions should consequently not be used in areas where termite
infestation is known to be severe, and the construction material
chosen should be such as to provide protection against termites.

a
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Accidents

Common household accidents can easily be avoided if adequate
preventive measures are taken at the proper stage. Thus, staircase
accidents may be prevented by providing for uniform steps about
25 cm deep (run) and 18 cm high (rise), with a non-slip surface.
The risk of falls in general is likely to be minimised if adequate
lighting and handrails are provided. Railings around porticos and
balconies are a necessary protection for both children and adults.

Fire hazards should always be borne in mind. Electric wiring
and equipment should conform to the provisions of safety codes;
stoves and other sources of heat should be mounted clear of
combustible material; smoke pipes and chimneys should be
adequately constructed; and there should be proper fire escapes.

For detailed advice on the prevention of accidents in agri-
culture, see ILO: Guide to safety in agriculture (Geneva, 1969).

1.2.2. Physiological principles

In a rural environment there are normally not so many recreation
facilities as in an urban environment, so that a villager may spend
more time at home than his urban counterpart. This implies
that rather more than minimum requirements should be taken
into account in the construction of rural housing. The house
becomes a “home” when psychological as well as physiological
needs are met.

Satisfying physiological needs means ensuring that environ-
mental conditions such as heat, light and air movement are main-
tained at a level compatible with human health and comfort,
irrespective of climatic conditions outside.

Heating

In cold climatic conditions housing must be constructed in
such a way as to permit the conservation of heat. Stoves, radiators
or fireplaces act as direct heat sources and are usually located in
the room being warmed. With indirect heating the heat source

6
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is located elsewhere and heated air or water is circulated to the
room to be warmed through a pipe or duct system. In the case
of modern “radiant” heating, for example, hot water is circulated
through a piped system of coils within the floors or the walls or
by electric wires imbedded in the ceiling. It is desirable to main-
tain a comfortable environmental temperature and to keep tem-
perature fluctuation to a minimum between ground level and eye
level (1.5 m) in living-rooms.

Carbon monoxide

Accidental carbon monoxide intoxication occurs more often
in cold countries when homes are heated by gas. Carbon monoxide
is a colourless and odourless gas (see subsection 3.6.5) which can
be highly dangerous to the occupants of a closed room since they
are given no warning of its presence. It is toxic even in concen-
trations of as little as 0.02 per cent (“natural” gas, on the other
hand, is non-toxic).

Simple household heating appliances of the kind widely used on
primitive farms have been known to produce a high concentration
of carbon monoxide through inefficient combustion of fuel. The
open burning of charcoal in a closed room is particularly dan-
gerous. Normally, even if pockets of high carbon monoxide
concentrations are produced in a house, the constant circulation
of fresh air will minimise this risk to life. Other precautions will
also reduce the hazard. In the case of ovens in kitchens, water
heaters in basements or bathrooms and heaters in living-rooms,
pipes or vents designed to carry the products of combustion to
flues or chimneys and permitting a free flow of air to the flues are
the solution to the problem. However, they must be inspected
regularly for holes or obstructions.

Cooling

In hot countries, where solar radiation is excessive, there is
a physiological necessity to cool the living environment. A dif-
ference of up to 30°C between shade temperature and solar
radiation temperature can be expected in summer in regions
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with only a mild tropical climate, and sometimes even with a
subtropical climate. Recommended countermeasures include a
verandah all round the house, adequate roof construction to
minimise the re-radiation of heat into living-rooms, and the
planting of shady trees. In semi-desert conditions, where nocturnal
temperatures are low and diurnal fluctuations are great, a flat
roof construction may be called for. Those who like to sleep in
the open may opt for terraces or porches, in which case these
should be screened in such a way as to minimise exposure to
insects. Evaporative or mechanical refrigeration may also be
considered as a means of reducing the ambient temperature of
housing. As a rule, a high roof is conducive to a cooler room.

Illumination and ventilation

Adequate window space, especially in tropical and subtropical
countries, contributes to both illumination and ventilation.

If the window space provided amounts to between 10 and 15
per cent of the floor area, sufficient natural daytime illumination
can be obtained. Windows (suitably oriented for cross-ventilation)
are best placed rather high in the walls so that convection currents
may be created.

To secure adequate ventilation, the provision of a minimum of
50 m3 of fresh air per person per hour is desirable. Such air
movement also permits the removal of body odours and minimal
evaporative cooling of the body.

1.2.3. Insect pests

Cockroaches

Cockroaches are not only a nuisance but also a health hazard.
They are household pests consuming any accessible foodstuff
and multiplying in dark corners and sewers. They not only carry
infection from sewers on the outside of their bodies but also
harbour in their intestines bacteria associated with food poisoning
in human beings. Chemicals such as powdered sodium fluoride
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are effective against cockroaches, but some of them are poisonous
to man also. A 2.5 per cent oil solution or emulsion of chlordane
is less toxic and will bring them out of their hiding places, as will
any irritant. They can be killed by 5 per cent chlordane dust or
10 per cent DDT powder. When any insecticide is used, food
dishes and utensils must be covered. Primary prevention is based
on good housekeeping and food storage practices denying them
access to a food supply.

Bugs

Another insect in the house which plays an uncertain part in the
transmission of disease, but which is a definite nuisance, is the
blood-sucking bedbug. It is nocturnal and hides in inaccessible
crevices. Bedbugs can be dealt with in a few minutes by heat
(about 46°C) and in a few days by DDT (5 per cent solution).
It may be necessary to repeat the treatment after a week or ten
days for the second generation of bugs, which may have been in
the resistant egg stage and which therefore may have escaped
extermination the first time that eradication measures were taken.

Lice

Lice on the human body, although they are not directly related
to housing conditions, are indicative of poor personal hygiene.
In addition to being a personal nuisance, they can be responsible
for the spreading of typhus. Body hairs are their home, and ade-
quate skin care is therefore the only preventive. They can be dealt
with by dusting the hairy parts of the body and the underwear
with 10 per cent DDT powder or with certain other insecticides,
such as lindane, malathion and carbaryl dust. As with other insects,
the eggs are not affected by DDT, and hence a second application
a week or ten days later (the gestation interval for the next gene-
ration) is recommended.

Other insects, such as ticks and fleas, may be brought into agri-
cultural workers’ homes by animals. They can usually be dealt
with effectively by measures similar to those described above.

8
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1.2.4. Rodents

Rodents can be a problem, particularly where agricultural
workers’ dwellings are close to the quarters of domestic animals.

The foundations of houses should be constructed of concrete
or other rat-proof material. Where this is not practicable, rodent-
proof cupboards or food stores should be provided. All food that
attracts rodents should be kept in metal containers.

1.3. Farm buildings

The agricultural worker lives and works in the same environ-
ment, and for him occupational health and general health are more
closely related than in the case of the factory worker. During the
planting and harvesting seasons he may have to work from dawn
to dusk and attend to farm animals at all hours. It is under-
standable that he may prefer to live close to his workplace. How-
ever, it is not desirable, from the health point of view, that his
home should be a part of his working environment, and farm
animals, including pet dogs and cats which are often kept in large
numbers on farms, should be housed separately. Kennels may be
inside the compound if required, but definitely not inside the
farmer’s house. Farm buildings, including those where farm im-
plements are kept, or which serve as a workshop (tools can be
carriers of diseases), should be located as far away as possible as
a precaution against the risk of fire and for health reasons.

1.3.1. Grain stores

Agricultural families the world over store grain for use through-
out the year, and a grain store-room is usually part of the farm
buildings. Grain stores attract vermin, so measures to prevent
their infiltration must be taken. A well designed grain store is
rat-proof, well ventilated and adequately screened. Contrary to
what has long been believed in some cultures, a silo-like structure
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with thick mud walls is not rat-proof. However, where there is no
alternative, the floor, if it is to be impervious, should be of stone
or concrete or brick (10 cm thick) with 1.5 cm of cement plaster.
Filling the basement with sand to a depth of 60-90 cm helps to
prevent rats from burrowing their way into a grain store. The
basement should be 60-90 cm above ground level, preferably
with no steps leading to it. A step-ladder can be used to get to it.
All entrances to the store should be 90 cm or more above ground
level. A ledge or other horizontal projection at least 25 cm wide
round the building, 45-60 cm above the ground, will also prevent
rats from crawling up the walls. These should be thick, with a 1.5
cm brick or cement plaster lining going up to a minimum height
of 90 cm. There should be no plumbing pipes outside the walls,
and no windows are necessary. Ventilators should be rat-proofed
by means of expanded metal shields. All doors and windows
should be self-closing and any openings fitted with wire gauze.
If there are any timber doors, the bottom 25 cm should be finished
with metal to prevent the rats from gnawing through the wood.
Windows and doors should be as air-tight as possible so as to
permit fumigation whenever necessary.

The space between the wall and the roof should be covered with
masonry blocks. The roofing must be such that rats cannot find
their way through in any circumstances. If it is terraced or tiled,
there should be no opportunity for them to do so. The possibility
that rats may reach the roof directly without having to crawl up
the walls or drain pipes must be borne in mind; rats can climb
trees and can drop easily on to a roof from overhanging branches.

1.3.2. Farm incinerators

A practical method of disposing of refuse is to make it into
compost on the farm, where a piece of land can usually be found
for the purpose. The most hygienic method, however, especially
when the refuse is of little value or is offensive or dangerous, is
incineration. Incinerators range from the simple drum type that
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may be used on a small farm to highly sophisticated, mechanised
containers serving whole communities. Those used on farms should
be located downwind from the dwelling so that the occupants are
not exposed to the smoke or foul odours.

Incombustible refuse (glass, tin, etc.) should be put aside before
combustible refuse is fed into the incinerator. The ash should be
collected from the ashpit and buried. Proper care must, of course,
be taken to prevent the escape of open flames or the dispersal of
burning refuse.

1.3.3. Buildings for livestock

Dairy livestock are found on many farms. The quality of the
milk reaching the consumer is largely determined at the farm. This
means that the milk must be stored there in sanitary conditions
until it is either used on the spot or sent away for consumption
elsewhere. It is therefore an advantage to have a milk-house
exclusively for the handling and storage of milk. This should
always be separate from the cattle-shed. In many cases the two
units—the cattle-shed and the milk-house—are combined into
one, an arrangement which may not be satisfactory if the building
is poorly designed. In a combined unit the cattle should be pro-
vided with adequate light and protection against extremes of tem-
perature. There should be separate approaches for the cattle
themselves, for the delivery of fodder, and for sending away
milk.

Cattle-sheds

Cattle are usually housed in sheds. These should have a smooth,
compact floor paved with concrete or other impermeable material,
good drainage and if possible partitioned stalls for each animal,
with provision for a manger. They should be properly ventilated
and lit. Manure must be removed frequently and dumped in a
pit away from the sheds or fed into a water-tight chamber for the
recovery of methane and fertiliser for domestic use.
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Farm milking units

The farm milking unit should be separate from the cattle-shed.
It should be as sanitary as possible, with screened windows and
self-closing screened doors. There should be adequate washing
sinks with hot and cold water. Paved flooring with drains to lead
away waste water is essential. Well designed, good-quality equip-
ment for straining, cooling and storing the milk must be provided.

1.3.4. Piggeries

Garbage on the farm is a potentially valuable substance, and
household garbage can, if cooked, be used for feeding hogs.
Hog-keeping is common in many parts of the world. However,
hogs that are fed with garbage collected from cities and industries
are more prone to a Trichinella spiralis infestation than grain-fed
hogs, and more often suffer from vesicular exanthema. A recom-
mended sanitary practice is to heat the garbage to boiling point
for an hour before feeding the hogs.

Foul odours, fly-bresding and rodent nuisance are examples of
other problems encountered on hog farms. These problems can
be reduced by constructing an impermeable platform (for in-
stance, with reinforced concrete) which prevents the hogs from
trampling feed into the ground. Feeding places should be equipped
with facilities for adequate draining and daily cleaning, so that
manure and uneaten feed may be collected for sanitary disposal
or recycling.

The principles concerning the ventilation and illumination of
cattle-sheds outlined above apply also to large piggeries. Moreover,
piggeries must be designed in such a way that a hungry pig’s
access to dirty water and excreta is reduced to the minimum.
Separate dunging and feeding can be encouraged by arranging the
pen suitably for a diagonal traverse by the pig. Swine] are clean
animals if they are allowed to be so. The floor should be well
paved and should slope down to inaccessible narrow channels
along the walls, inside or outside, preferably leading to a manure
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sump. Liquid waste from piggeries has a high nitrogen content
and is valuable as a farm fertiliser.

The roof should preferably slope away from the pig-pen to
avoid flooding of the yard.

1.3.5. Poultry sheds

Sound poultry farming begins with adequate plans for housing
the poultry. An ill ventilated, insanitary and uncomfortable
poultry house is likely not only to result in low egg production
and poor fertility but also to affect the health of the poultry and
lead to a high mortality rate. The poultry in the house must be
protected against natural enemies, such as dogs, cats, foxes and
crows, and special measures must be taken to protect them against
snakes and insects such as ticks, lice and mites.

Poultry houses can be planned in a variety of ways. A house
with wire-netting on all sides, a clean floor set above dry ground,
and a good large roof will suffice in the majority of instances
where temperatures are moderate. (Moist ground and damp floors
are known to increase morbidity among poultry.) Sandy loam soil
affording good drainage and suitable for growing grass is to be
recommended.

There should be as few corners and crevices as possible, to permit
easy cleaning and spraying. There should be as little woodwork
as possible, and what there is should be treated with insecticides
such as coal tar.

Farm hands working with poultry should be made aware of the
need for cleanliness and should be advised to take prompt care
of scratches or abrasions.

1.4. Water supply

1.4.1. Importance

Water-borne diseases are the major cause of death in economi-
cally underdeveloped and basically agricultural countries. Plain
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diarrhoea and enteric infections, bacillary dysentery and cholera
can usually be traced to the drinking of unsanitary water. In some
cases, water has an indirect relationship to disease, as in the
transmission of the mosquito-borne diseases of malaria and fila-
riasis, and it is sometimes responsible for the transmission of
brucellosis, tularaemia, haemorrhagic jaundice and several other
protozoal and viral infections. The control of these diseases
through a clean water supply programme is a matter of top
priority in the field of agricultural health.

It is important that a thorough field investigation be carried
out before a water supply programme for agricultural com-
munities is developed. The adequacy of physical and chemical
standards, the bacteriological quality of water, and—of particular
relevance but rarely recognised as such—the potential of the
environment for contamination must all be examined. The risk
of chemical pollution, especially in the form of chlorides from
barns and manure pits located too close to a water source, or of
bacterial pollution by human excreta from nearby latrines, must
always be borne in mind. As long ago as 1958, a WHO report!
summarised world opinion on the subject of water sources and
human pollution as follows:

Regarding the location of latrines with respect to sources of water
supply, the following conclusions may be drawn from up-to-date infor-
mation:

1. There can be no arbitrary rule governing the distance that is
necessary for safety between a privy and a source of water supply.
Many factors, such as slope and level of ground water and soil per-
meability, affect the removal of bacteria in ground water. It is of the
greatest importance to locate the privy or cesspool downhill, or at
least on some level piece of land, and to avoid, if possible, placing it
directly uphill from a well. Where uphill locations cannot be avoided,

1 E. G. Wagner and J. N. Lanoix: Excreta disposal for rural areas and
small communities, Monograph series, No. 39 (Geneva, World Health Organi-
zation, 1958), p. 32.
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a distance of 15 m will prevent bacterial pollution of the well. Setting
the privy off to either the right or the left would considerably lessen the
possibility of contaminating the ground water reaching the well. In sandy
soil a privy may be located as close as 7.5 m from a properly constructed
household well if it is impossible to place it at a greater distance. In the
case of a higher yielding well, not less than 15 m should separate the
well from a latrine.

2. In homogeneous soils the chance of ground water pollution is
virtually nil if the bottom of a latrine is more than 1.5 m above the
ground water table. The same may be said if the bottom of a cesspool
is more than 3 m above the level of the ground water.

3. A careful investigation should be made before building pit privies,
bored-hole latrines, cesspools and seepage pits in areas containing
fissured rocks or limestone formations, since pollution may be carried
directly through solution channels and without natural filtration to
distant wells or other sources of drinking-water supplies.

1.4.2. Sources
Common sources

In villages where dwellings are scattered, families draw their
drinking water from separate sources. Thus, in cases of water-
borne disease, the source of contamination can be pinpointed
from epidemiological data. This is not so in cities, where there
is a common source and where the spread of such diseases can be
dramatic.

Agricultural workers tend to draw water from the nearest
source. The main reason why civilisation spread along the banks
of rivers and canals is that running water was close at hand.
It is also common practice in rural areas to draw water from
natural lakes or from tanks or wells. Lake water undergoes self-
purification by sedimentation, which eliminates suspended matter
and reduces turbidity. The bacterial count is reduced in the self-
purification process through an environment which is hostile to
bacterial growth. But one cannot entirely depend on this method
of self-purification under rural conditions because of the difficulty
of stopping the continuous contamination of the water by human
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beings and animals. Where the level of subsoil water is very high,
as in delta regions, every agricultural family may have its own
tanks or each group of houses may share a tank. Most surface
water in rural areas is exposed to gross contamination and fre-
quently does not conform to sanitary standards. Family tanks are
invariably used for all purposes, including drinking, and tanks
serving as water sources in the village are always liable to misuse.
Provided that proper precautions are taken, a water supply from
dug wells may therefore be more sanitary than one from natural
accumulations of water in tanks. Open shallow wells are common
in agricultural communities, and here the main risk of pollution
comes from the surface itself, for example from the use of common
buckets and ropes or because the lining of open wells is not always
pollution-proof; even pottery rings are known to retain contami-
nation from the surface for a long time. Sanitary improvement of
existing dug wells may be the only solution in many cases. For
example, it may be possible to provide a satisfactory parapet, an
apron and a drain, and then to close the mouth of the well and to
replace the rope and bucket by a pump for drawing water (see
figure 1).

When new wells are being sunk, it is advisable to give each well
a brick lining extending from the top of the well to a point 3 m
below the surface, with a layer of cement plaster at least 2.5 cm
thick. A concrete apron surrounding the well, at least 45 cm wide
and preferably 90 cm wide, is also to be recommended; this apron
should have a 1:24 slope. In the case of a closed water-tight well,
the pump should be properly fixed to the cover, and surface
pollution through seepage of surface water must be avoided.
Waste water must be disposed of in a satisfactory manner. Whether
this is done through drainage into tanks or soakage pits or by
means of surface drains will depend on local facilities.

Tapping subterranean water below an impermeable layer by
means of bored wells offers a satisfactory solution to the problem
of obtaining drinking water of optimum sanitary standard on a
farm. Bored wells may be of different kinds, depending on the
type of soil, the level and extent of the first impermeable layer,
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Figure 1.
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the level at which the subterranean water is available, and the
techniques in general use. Three kinds of well are commonly
found. For the first kind, holes a few centimetres in diameter can
be bored in loose soil, by a hand-operated auger, with machine
drills being used for larger-diameter bores; however, the water
supply will be limited by the superficiality of the water-bearing
strata. For the second kind, either hand sunk for small diameters
or machine sunk for larger diameters, a pipe is driven, usually
with 1-2 m of screen at the end of the pipe near the driving point.
For the third kind, a hole, small or large, is drilled either hydrauli-
cally or pneumatically into the impermeable rock layers. This kind,
though more costly, yields a greater and more continuous supply
of water of a sanitary quality than do other bored wells.

Where there are alluvial soils and the water-bearing strata are
not very deep (not more than 10 m below the surface), it is more
economical to have tube wells, since a tube well is the most sanitary
kind for both human beings and animals on a farm. A tube well
of small diameter—usually 4 cm—with 2-4 m of strainer, de-
pending on the number of users, and a hand pump are recom-
mended as a drinking-water source for the agricultural population
in delta areas of developing countries (see figure 2). Where a large
quantity of water is wanted on a farm, a larger-diameter tube well
with a longer strainer and power pumps may be required. Though
initially costly in hard soils and occasionally in need of repair,
tube wells are a steady source of hygienic water supply in any
agricultural community where the water-bearing subsoil is not
very deep and where an efficient maintenance service is available.
Whenever there is reason to fear contamination, chlorination is
advisable. Coliform organisms have been known to linger in
leather buckets; after each repair, the tube well and the pump
should be disinfected.

Springs as sources of drinking water

It is a common belief that spring water is safe to drink. This
is not always true, because of the way that accumulations of
subsoil water are formed.
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Unlike surface water accumulations (for example tanks, where
the water is stagnant), subterranean water is always in motion. The
subsoil water level is not horizontal, but slopes according to the
geological formation of the strata in which it lies.

If the local health agency, after making a laboratory study, can
certify natural springs as safe, they can be an excellent source of
drinking water for agricultural communities.

Sanitary standards

Bacteriological standards. The usual public health yardstick for
measuring the safety of water sources is the extent of contamina-
tion by faecal organisms. Coliform organisms, of which Eschorichia
coli is one, are found in abundance in the large intestines of man
and animals, and the degree of contamination from faecal sources
depends on the number of coliform bacteria in the drinking water.
The higher the coliform count, the greater the possibility of faecal
contamination. In the case of open shallow wells, the coliform
count may run up to thousands of bacteria per 100 cm3 of water.
If the open top of a shallow well is completely covered, the bacterial
count will be somewhat less; and if, instead of the water being
drawn manually, it is pumped up by mechanical means, this count
will be very much less. In a majority of cases, open shallow wells
on a farm can be made fit for drinking purposes merely by provid-
ing the well with a pump and a concrete cover. Experiments have
shown that by such simple methods the bacterial count can be
reduced to fewer than 100 coliform organisms per 100 cm3 of
water sample. A number of samples should, however, be tested
over a period of time before a water source is finally accepted as
sanitary.

Chemical standards. An important consideration in relation to
ground water is its degree of hardness or salinity. It may contain
calcium, magnesium, potassium and sodium salts, carbonates,
bicarbonates, sulphates or chlorides. Excessive amounts of some
of these may be harmful to man and vegetation. For example, in
certain areas where there is a high content of fluoride and water
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in the soil (i.e. more than the permissible concentration of 1.5
ppm), farm animals and human beings have been found to suffer
from fluorosis, a disease of the bones, teeth and ligaments. Nitrate,
indicating surface pollution in shallow wells, may turn into nitrite
and lead to methaemoglobinaemia in infants.

1.4.3. Treatment
Treatment on a community basis

In planning the layout and construction of water treatment
plants, allowance should be made for future extensions, taking
account of the likely rate of growth of the rural community.

There are four main treatment processes: sedimentation, coag-
ulation, filtration and chlorination. The use made of each one,
separately or in combination, must be supervised by a competent
authority, preferably a sanitary engineer.

Most pathogenic micro-organisms find water an unsuitable
medium for multiplication, and hence plain sedimentation resulting
from holding water in a selected storage space or reservoir reduces
the bacterial content significantly. The possibility that algae may
be produced in exposed reservoirs should, however, be borne in
mind, and competent technical guidance is needed to prevent this
from happening or to find a remedy if the problem has already
arisen. The turbidity of water also decreases during storing pro-
cesses unless the particulate matter is fine clay or of a colloidal nature.
Coagulation through the addition of suitable chemicals is necessary
to remove colloidal and suspended matter and some dissolved
solids. Alum used in appropriate amounts, usually 1-5 g per 75 1
of water, will reduce turbidity and help filtration. Slow sand
filtration is recommended to reduce moderate turbidity and bac-
terial counts. Rapid sand filters, commonly used in urban areas,
are not generally recommended for agricultural communities be-
cause of the scarcity of skilled operators.

Chlorination—and not treatment with potassium permanga-
nate—is recommended for the destruction of organisms usually
associated with water-borne diseases. Well preserved chemicals
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have to be used and allowance must be made for a rapid reduction
in the chlorine content of the solution. Whether the content is
sufficient can be determined by simple orthotolidine reagent tests
for residual chlorine. A solution of the desired amount of disin-
fecting bleaching powder is added and after 30 minutes a sample
is taken. The chlorine colour comparator contains sealed tubes
whose standard colours represent various levels of residual chlorine.
Drops of orthotolidine solution are added to the sample, and the
developed colour is compared with the standard one. This simple
test is recommended for use on farms.

In agricultural communities whose members enjoy good rela-
tions with one another, a community water supply programme
providing for frequent inspection services and for orthotolidine
testing for chlorination can be introduced.

Treatment on a family unit basis

Because of the microscopic size of bacteria, they may be present
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