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Preface
With the publication of this second edition of Water Treatment and Sanitation
the Intermediate Technology Development Group take-- a further step in the in+
plementation
of its primary purpose - that is, to fill the “knowledge gap” which
still exists from the point of view of poor communities and their he!pers, who must
resort to simple and cheap methods to fulfil their basic needs.
Few needs are more basic than those of good water and proper sanitation. The
importance of these facilities to health needs no emphasis; equally great is their
importance to the development of self-respect and the spirit of self-reliance.
When it comes to water supplies and waste disposal, the rural areas of most
developing countries show widespread neglect. To a large extent this is due to the
firmly established view that the cost of these facilities, heavy even in areas of high
population density, is completely out of reach in extended rural situations. The
possibility of applying low-cost techniques is often unknown. It is the purpose of
this handbook to make the possibilities of applying low-cost techniques more
widely known.
If those who have designed, built, or operated any of the devices described,
or any other simple systems, will be good enough to send information
of their
field experience to one or all of the organisations listed on the last page, it may be
‘possible, before long, to build up a much fuller body of field-tested knowledge than
is now being presented.
It. is the special concern. and hope of the Intermediate Technology Development Group to help in the establishment of an efficient international communications system, by which the knowledge of proven methods and techniques, appropriate to the economic potential of poor communities, can flow fully and freely
to those who need it most.
Finally I should like to express our gratititude to the authors who have put so
much work into the original and revised editions of this handbook, and to the
Director of the Water Pollution Research Station, Stevenage, Herts, where much of
the drafting was carried out. H.T. Mann, a member of the staff of this research
station, has had ,wide experience overseas in tropical countries and D. Williamson,
at present with a water authority in England, has previously served with Consulting
Engineers in developing countries.
E. F. Schumacher.

The Intermediate Technology: Development Group was formed in
1965 by a group of engineers, economists, scientists and others from
industry and the professions, to provide practical and effective selfhelp techniques for developing countries. It is a non-profit organis)L
j- ation registered as a charity.
Its aim is tq demonstrate and emphasise that aid must be designed
. to help,the poor to help themselves.
i ,.

LThe Group is an action group which concentrates on research and deveb,‘anddemonstrates the results through field projects, programmes and
consultancies; communicates %heinformation to the developing coun-- tries through governments, organisations and individuals and by pub.:
lishiiig material through its subsidiary, Intermediate Technology PubIications Ltd.
“I
,/’
lNTERMEDlATE~TECHNOLOGY
DEVELOPMENT GROUP,
Patnell House, 25 Wilton Road, London SWlV lJS, United Kingdom.

Printed by The Russell Press Ltd., Gamble St., Nottingham
Telephone Nottingham 74505

NG7 4ET

Contents

+

Introduction

4

Chapter 1 The Selection of a Water Source and Simple Water Testing

6

Chapter 2 Water Supply

14

Chapter 3 Water Treatment

38

Chapter 4 Foul Water and Excreta Disposal

51

Chapter 5 Sewage Treatment

60

Chapter 6 Final Water and Sludge Disposal

70

Chapter 7 Temporary

81

and Emergency Treatment

Glossary

86

Further Reading

89

An adequate supply of good quality safe water is essential to the promotion of
public health. In many less developed parts of the world, particularly in tro;Scal
are;: L::& Clealth hazards caused by polluted water supplies are more numerous and
more serious than those in temperate and more developed areas.
The purpose of this handbook is to put together in a simple and logical form
various aspects which must be considered when investigating the development of a
water supply and sewage disposal scheme for a small community. This could be a
rural village or small town, or a school or hospital situated too far from a piped system of water supply and therefore requiring its own source, treatment and pipelines, and sewage disposal.
It is based partly on reports submitted by one of the authors, during a research
project on small water supplies and sanitation in Uganda, partially financed by the
Ministry of Overseas Development, and partly on experience gained by the authors
on water supply projects both in England and overseas.
This booklet is not intended as a text book for engineers, although they may
find some sections useful for rapid reference, but it is intended for technicians,
leaders of rural communities, administrators of schools or hospitals and others who
wish to develop a water supply and sewage disposal scheme for their own use. It is
hoped that each section will give some help in solving the many problems involved
in such an exercise.
The sections giving formulae and their use may also help in the documentation
of information
required by a central authority when considering the development
and financing i f a supply.
The drawings showing simple apparatus could be copied and used by a local
craftsman to improve the quality of a apply.
It is important when considering a water supply, to consider at the same time
the disposal of the waste water after use. It is easy to introduce a cycle in which the
waste water from the community
pollutes the supply. This must be considered
when investigating sources, and if necessary access to the land surrounding a source
must be restricted. This will be considered further in the section dealing with the
choice of a source.
The characteristics of water available vary widely both chemically and biologically, so that no. single system of water treatment can be universally applicable. All
4
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water sources must be considered on their individual merits. Referring to the table
of contents it will be seen the handbook is divided .into chapters covering the
basic steps from water sources to effluent disposal.
Many of the methods of water, and sewage treatment described in this handbook
are based on the standard practices used in developed countries. They are, however,
adapted to suit rural tropical conditions, and much material has ,been included
which has been derived from experience in tropical areas drawn from a variety of
sources, and is not normally found m standard temperate-zone practice..
Chapters 1 to 6 describe methods which may be applied in sequence, from the
selection of a water source, the transport of water, the treatment of water, the
disposal of wastes, sewage treatment and the final disposal of treated wastes, and
the by-products of treatment processes. In each chapter a number of alternatives
is described, some suitable for self-help situations, others which may be more
suitable for larger communities. In building a complete system the subjects of* the
six chapter headings should be considered in sequence and methods suited to the
individual circumstances may be selected. Clearly the same plan of action need not
be followed in every situation, but the potential development of a situation with
consequent changes in requirements for water supply and sanitation should not be
overlooked.
A glossary will be found at the end of the book which explains the meaning of
technical terms used in the text. Some useful factors, formulae, metric conversions
and abbreviations are given at the end of Chapter 2.
Where specialist advice is needed the Public Health Authorities in.most countries
are able to provide this either directly or by referring to some other government
department. When specialist advice is sought it is important that information
sup:
plied should be as accurate and reliable as possible.
Conditions in developing countries vary a great deal and there is a continuing
need for the proper evaluation of water treatment and sewage treatment systems
especially those of a temporary nature and those which include novel or experimental devices. Publication of such information both locally and in the technical
and professionals journals is of considerable importance in advancing development.

Chapter One

The Selection of a Water Source
and Simple Water Testing
The effectiveness of any source will, in the first instance, depend
rainfall, its pattern throughout the year, the evaporation and natural
able. Most of this information will be available locally. The following
typical sources is based on those available in Uganda, but is generally
any tropical country.

on the local
storage availsummary of
applicable in

1. Rivers and Streams
In the tropics these waters are almost invariably soft, containing relatively low
concentrations
of dissolved salts, although this does not necessarily apply elsewhere. They are often affected by faecal pollution, usually greatest in small streams
near settlements. The quality of the water can vary considerably with rainfall,
but turbidity
can be expected at most times. Slow flowing rivers can contain
considerable amounts of organic colouring matter.
2. Lakes
Large lakes form obvious ample reservoirs of water. In general the water quality
is fairly good and consistent but may well be polluted, and in particular contain
bilharzia contamination,
near the shores. Near areas of industrial and agricultural
development, and sewage and industrial effluent discharges, there is an increasing
danger of algal growth forming which may effect the water to such an extent that
it is impracticable to consider it as a source for public water supply.
3. Swamp waters
Swamp waters, which can include slowly flowing rivers, generally contain faecal
pollution and other organic material in comparatively high concentrations,
giving
rise to an unacceptable colour. These waters are usually acidic.
4. Springs and boreholes
In areas of impervious substrate, springs and boreholes can give a reliable supply
and if properly maintained, and sufficiently distant from pit privies and soakpits,
a supply free, or almost free from faecal pollution.
Springs and boreholes have been considered together as both derive their supply
6

from underground.
In the case of springs the water is naturally discharged from the
ground where its flow is impeded by a less permeable strata. It is essential that careful control is maintained of the land near the seat of the spring in order to prevent
pollution. Quite often a source like this can be utilized to provide a supply to a
community, without pumping, at minimum cost and maintenance (Fig. 1).
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-

Fig. 1. PROTECTION
BY SURFACE

OF NATURAL
RUN OFF

SPRINGS TO PREVENT

POLLUTION

A well or borehole must be dug or sunk into the permeable strata and the water
lifted manually or by mechanical punlps. Again it is essential that careful control is
kept on the land adjacent to the well head. It is usually advisable to prevent surface
water entering the well by sealing the top section with brick or concrete. In many
areas, underground
water may contain iron in solution or suspension, requiring
treatment as discussed in the appropriate section of this handbook.
Alongside’major
rivers there are often large gravel deposits whi’ch retain water
even when the river may seasonally dry up. The water drawn from boreholes in
such river gravels will usually be of a considerably better bacteriological
quality
than the river water itself. Wells in river gravel need to be lined with perforated
steel tubes to hold back the gravel. The size of the perforations will to some extent
depend on the particle size of the gravel and its sand and silt content, but 10 mm
slots 150 mm long situated in groups of four every half metre may well suffice.
Shaftdriven borehole pumps or submersible pumps described in the section on
pumping will then be required.
5. Rainwater

catchments

I Rainfall can be collected as run-off, from impervious areas such as corrugated
iron roofs or artifically formed catchments of concrete or other watertight material.
The size of storage tank required depends entirely on the rainfal! and its distribu7

tion throughout
the year. The storage tank must be of sufficient size to give the
daily demand over the maximum axpected drought period. The catchment area
must then be of sufficient size to guarantee that the tank will fill again before
the next dry spell.
Selection of a sou1%8
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Where more than one possible source is available the choice should be made in
order of priorities: firstly, the reliability of the source, secondly, its purity and
lastly, the ease with which it can be supplied to the consumers. If a large supply is
being planned from an unexdloited source, the services of an analytical laboratory
should be employed to assess the quality and advise on necessary treatment. Small
communities
may not be able to call upon these services but the assessment of
purity should not be left entirely to judgement.
, Natural bodies of water of most kinds are not uniform, they vary in composition
from place to place, from time to time in the course of a day, and from season to
season. When taking water samples for examination, care should be taken to ensure
that the samples represent the body of water as much as possible. Multiple samples
taken over a period of time will provide much more information
than a single
sample. Samples should be analysed without delay as they are liable to certain
biological and chemical changes if kept for long periods at normal temperatures.
Simple tests for water quality
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The analysis of water and effluents is a job for a skilled laboratory worker and
cannot be fully covered in this handbook. There are however some simple tests
which can be carried out with a minimum of skill which can be of value when the
choice must be made between different sources of water, and subsequently if a
treatment plant is installed it is useful to be able to check the performance of the
plant from time to time. Where chlorination is employed regular tests must be made
for residual chlorine.
Taking samples for testing or analysis
A clean glass or plastic bottle sealed with a rubber or plastic stopper must be
used. If the vessel has been previously used as a container, it must be carefully
inspected to ensure that no trace of the previous contents remains on container
or stopper. It any smell can be detected, it should be rejected, or cleaned until no
smell remains. The bottle should then be washed out 3 times with a small quantity
of the water to be sampled, and then filled and labelled immediately with time,
date and place. If the sample is drawn from a stream or other body of open water,
the bottle should be plunged in at a point a short distance from the bank and
care taken not to allow gross floating debris or any mud disturbed from the bottom
to enter the bottle. Samples taken in this way are suitable for laboratory analysis
but not for bacteriological
tests. Such samples should be not less than 2 litres
(W gal) and should be sent for analysis without delay. Much useful information

can be obtained by, observing a sample drawn in a glass cylinder. Turbidity can be
noted and may be measured by comparison with other samples or with prepared
standards. The usefulness of quiescent settlement can be observed and also the
nature of suspended matter, whether animal, vegetable, or mineral, can be estimated. Bilharzia cercaria and some other parasites can be visually identified. Precipation of iron compounds can sometimes be observed.
Test 1. Chlorine demand - for waters to be treated
Required
a.
b.
c.
d.

A clean glass vessel 500 ml capacity or more.
Stock chlorine solution containing 1 per cent available chlorine.
Dropping pipette calibrated to deliver 20 drops per ml.
Means to measure residual chlorine.

The stock chlorine solution can be prepared from dry chloride of lime (35 per
cent available chlorine) or HTH (High Test Hypochlorite
70 per cent available
chlorine) dissolved in clean water. This solution should be kept in a dark bottle
with a glass stopper but as it does not keep well it should be checked from time
to time with the residual chlorine test after appropriate dilution.
Test procedure - measure 500 ml of sample into a clean glass vessel and add
3 drops (0.15ml) of stock chlorine solution. Mix and allow to stand for 30 minutes
in a shady place to enable the chlorine to react with the impurities in the water,
then find the residual chlorine by any method available (three methods are described below). The initial chlorine dose given by 3 drops of 1 per cent solution
in 500 ml of water is 3 mg/l. If the residual chlorine is subtracted from the initial
chlorine value the chlorine demand is obtained.
Example:

Chlorine dose 3 drops to
500 ml 7 3 mg Cl*/1
Residual chlorine found after
30 mins = 1 mg Cl,/1
Chlorine demand = 3-1=2

mg/l Cl,

lf the sample is heavily polluted the initial chlorine dose of 3 mg/l may be insufficient to leave any residual chlorine. In this case repeat the test with a higher
chlorine dose. The higher the chlorine demand the greater the pollution present.
Test 2. Residual chlorine concentration
- for chlorinated waters and for use in
Test 1. Three methods can be employed for this test. The first requires no special
equipment, the others are more sensitive but require an instrument called the BDH
(British Drug Houses) Lovibond Comparator. These tests should be carried out immediately the samples are available. No delay is possible.
Method A - BDH Chlorotex

method
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- BDH Chlorotex

I
White milky fluorescence
Faintly pink and milky
Pink
Red
Purple
Violet
Blue
Method B Required -

II1,:
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mg/l Cl,
nil
0.1
0.2
0.5
0.6
0.8
1 .O or more

-

BDH Comparator and 0-tolidine reagent.
a. BDH comparator with 2 10 ml tubes.
b. Acid 0-tolidine reagent - This may be obtained ready for use or it
may be made by dissolving 1 gm AR. O-tolidine in 100 ml AR.
hydrochloric
acid and adding distilled water to make 1000 ml.
c. BDH comparator disc - There are three alternatives:
3/2A 6.1 to 1.0 mg/l chlorine
3/2AB 6.15 to 2.0 mg/l chlorine
KMA 0.05 to 0.5 mg/l chlorine and 6.0 to 7.6 pH.
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Test procedure - Take 50 ml of samp!e in a clean glass vessel and add 5 ml of
Chlorotex reagent. A colour develops immediately if chlorine is present.
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reagent, this is supplied with a colour matching

Test procedure - Put 10 ml sample in each tube and place them in the comparator.
Add 0.1 ml (2 drops) of reagent to the right hand tube, mix and allow to stand for
10 minutes. Compare the colours visible through the viewing windows against the
sky, with the operator’s back to the sun. Rotate the disc until the colours match.
The residual chlorine figure may be read in the window in the lower right hand
*
corner of the instrument.
Method C Required -

BDH comparator with Palin’s DPD reagent.
a. BDH comparator with 2 lo-ml tubes.
b. DPD chlorine tablets No. 4.
c. BDH comparator disc - There are two alternatives:
3/40/A 0.1 to 1 .O mg/l chlorine
3/40/B 0.2 to 4.0 mg/l chlorine
d. Special dulling screen provided with the disc which must be fitted
to the right hand viewing window of the comparator.

Test Procedure - Put 10 ml sample in a tube and place it in the left compartment
of the comparator. Place a reagent tablet in another tube and add about 1 cm depth
of water and allow the tablet to dissolve, Add more sample until the tube contains
IO ml and place the tube in the right hand compartment. Compare after 2 minutes
:.
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and read the chlorine figure in the lower right hand window.
Test 3. pH - on all waters - The pH of a water is a measure of its acidic activity,
not of the acid concentration
in it. This is of importance because small concentrations of strongly acidic substances have different chemical effects from larger concentrations of weakly acidic substances, especially with regard to chlorination
and
corrosion characteristics. Neutral waters are said to have a pH of 7.0, acid waters
have a pH less than 7.0 and alkaline waters have a pH greater than 7.0. The desirable limits of pH for water supplies are between 6.8 and 7.6 though 6.5 to 8.2
is acceptable. If pH values of water supplies fall outside these limits then specialized
advice should be sought. There are 2 suitable methods for finding the pH value.
Method A
Required -

Indicator method using BDH comparator.
BDH Comparator and 2 lo-ml tubes
BDH Indicator and disc of the necessary range, i.e.
pH 5.2 - 6.8 Bromocresol purple disc 2/l G
pH 6.0 - 7.6 Bromo Thymol blue disc 2/l H
pH 6.8 - 8.4 Phenol red (requires dulling screen) disc 2/3- J
pH 7.2 - 8.8 Cresol red disc 2/l K
pH 8.0 - 9.6 Thymol blue disc 2Jl L

Test Prbcedure - Put 19 ml sample in each tube and add 10 drops (0.5 ml) indicator to the right hand tube. Be sure that the disc is the correct disc and if the
dulling screen is necessary that it is in place. Match the colours and read the pH
value.
Method B -

Indicator

method using test papers.

There are many kinds of pH test papers which are used by dipping small pieces
of the test paper into the sample and comparing the colour produced with the
colour chart provided.
The Examination

of Water in the Field

Although water analysis is usually thought of as a job for skilled laboratory
workers there are many situations in the field where water is used without treatment by local people who wish to improve the quality of the water but have no
access to laboratory services. Water that has been consumed by people for long
periods without suffering obvious’ deterioration
in health is unlikely to contain
any acutely dangerous concentrations
of harmful organisms or substances, though
continuous consumption
of low concentrations
may have harmful effects in the
long term, and there may be periods when harmful concentrations occur temporarily. The testing of such a supply may be usefully related to the treatment measures
that may be available locally to improve the quality.
Water quality is mainly affected by five groups of substances:
11

1. Toxic substances
a) Arsenic, lead and other heavy metals, occasionally found in deep boreholes.
Analysis is specific and trained chemists arz necessary. If present in harmful concentrations the effects on the health of local people is usually obvious and contaminated boreholes should be. sealed. Treatment of such waters is difficult and
should not be attempted without expert control.
b) Toxic organic substances such as phenols, pesticides, etc. These are usually
the result of pollution that is rarely found in rural areas. Otherwise should be
considered as above.
c) Nitrates are toxic to small babies, and concentrations
above about 10 mg/l
as N (45 mg/l NO,) should be regarded as suspect. With certain uncommon exceptions nitrates occur as an end product of the biodegradation
of animal excreta
such as might be found close to pit privies, manure heaps or yards containing
livestock. All such areas should not be situated near water sources. Tests can be
made but if these circumstances do not indicate a probable source and no evidence
of methaemoglobinaemia
is observed in small babies locally, they are probably
not necessary. Nitrates are not easy to remove from water, avoidance of polluted
situations is the best prevention.
2. High Concentrations
of dissolved salts. If the local people are able to tolerate
the raw water without harmful effects there is no urgent need to rectify this.
3. Surpended matter. This may not be injurious to health but is always better
removed. The usual methods of simple treatment are settlement and filtration.
Much useful information can therefore be obtained by settling a sample, say 1 litre
in a tall clear glass bottle for a period of an hour or more. Observation will indicate how much improvement of clarity can be achieved by settlement in a given
time. Observation of the solid particles may indicate sand or coarse mineral solids,
vegetable particles, algae, protozoa, bilharzia cercaria and other forms of life.
A magnifier is useful for this purpose. If a second sample is filtered through filter
paper or clean blotting paper it will be a guide to the likely improvement possible
with sand filters. If the filtrate is coloured it may indicate dissolved organic matter
probably derived from swamps.
4. Acid and alkaline substances. Tests can be made with pH papers. Values below
6.5 indicate a corrosive water requiring treatment with limestone. Values above
about 9.0 require treatment outside the scope of small rural projects and should
be rejected if possible.
5. Organic matter derived from faecal pollution.
May contain disease organisms.
Specific bacteriological
tests are not usually practicable but the general health
of local people is a good indication of serious risks. In general most surface waters
should be regarded as polluted and every effort made to filter and disinfect. Some
borehole waters are found that are not polluted, thus may be preferable sources if
available. The chlorine demand test is a useful measure of organic pollution and
can be used for comparing different waters.
Other useful tests that can sometimes be carried out in the field are the tests
for ammonia using Nesslers solution.
Recent faecal pollution always contains
12

ammonia and if it is found bacterial contamination
is likely. As the pollution
degrades, the ammonia concentration
usually falls and the bacterial population
also falls so that a degree of comparative assessment can be made on waters from
different sources or waters before and after treatment processes. Another useful
test is the test for oxygen absorbed in 30 minutes from acidified KIMnO (potassium permanganate), which gives a useful measure of organic impurity related to
the organic carbon concentration,
and can also be used for comparative purposes.
Further advice can be obtained on these tests if required.
There are many other tests that can be employed but they are not within the
scope of this handbook to describe. Wherever the assistance or advice of a trained
chemist is available it sl-.ould be used.

Chapter Two

Water Supply
Demand for water
An estimate of the probable demand for water by the community must first be
made and compared with the yield of the source. The demand must first be considered on an hourly basis and then on a daily basis. Where storage of water is
available such as a small reservoir, the average demand over a dry season must also
be considered.
The pipeline from any holding tank (or from the source, if there is no holding
tank) or reservoir, must be adequate to take the peak demand at any time of day.
The peak rate may be five times the average rate. If there is no holding tank to
balance out the varying demands throughout the day, then the source itself must
be capable of yielding the peak demand. The advantage of having even a small
reservoir or tank to give extra supplies at times of peak demand can easily be seen,
It is often difficult to estimate what the demand on a new source will be, but
the following factors are given as a guide:1. Each tap will take about 11 litres (2% gallons) per rninute and in the case of a
communal tap it may well run continuously
for long spells. Precautions should be
taken to ensure that taps are turned off after use.
2. Where water is carried by hand from taps to houses the demand will probably
‘: not exceed 18 litres (4 gallons) per person per day, but once the water is piped to
each house this figure will rise quickly. With a single tap the quantity may go up to
45 litres (10 gallons) per head per day but with a fully piped system, with bathroom and toilet, the quantity will almost certainly exceed 225 litres (50 gallons)
per person per day.
3. The demand,where a community is living together, such as a school or hospital,
will probably be less than the above estimates but can be estimated on similar
4. The loss of water through faulty jointing of the pipelines and poor plumbing
can easily be 25 per cent of the total demand. It is therefore essential, when either
the source is limited or the water is pumped or treated, that extreme care is taken
when the supply is installed to make certain that this loss is kept to a minimum,
Muterials for pipelines
Materials generally available for water supply pipelines:14
__~_____
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1. Steel tube
Steel tube, either black or galvanized with screwed joints is widely available, in
sizes from 10 to 150 mm (I4 to 6 inches) diameter. Galvanized pipe is generally
preferable as it resists to some extent internal and external corrosion.
2. Spun iron pipe
Spun iron pipe with either flanged or socket joints may be available in sizes
from 75 to 150 mm (3 to 6 inches) diameter, or larger. These pipes are bitumen
dipped and generally more resistant to corrosion than steel tube.
3. Asbestos cement pipes
These are available in sizes similar to spun, or cast iron, but are highly resistant
to corrosion. They are to some extent brittle and need careful handling.
4. Rigid PVC pipe
Generally available from 50 to 150 mm (2 to 6 inches) diameter and above.
They are light to handle, resistant to corrosion and easily laid, usually available in
lengths up to IO m which can easily be handled by one person. Joints are easily
made and a wide variety of fittings is available.
5. Polythene pipes
Generally available from 10 to 75 mm (% to 3 inches) diameter in long lengths,
polythene tube is the ideal solution to all small-bore pipe runs. It is relatively cheap,
easy to handle and lay and, being available in long lengths, less likely to have leaking
joints. Polythene pipe can be supplied with a wide variety of fittings and can be
coupled to other types of pipe. Polythene pipe is not compietely
resistant to
attack by rodents and some tropical insects. Polythene pipe laid underground
should be bedded in sand or soil with no sharp stones present; laid overground
should be adequately supported to prevent sagging. Certain grades of polythene
and PVC pipe contain traces of objectionable soluble substances; these should be
avoided by ordering material that is known to be suitable for water supply.
Hydraulic

considerations

for the design of a water supply scheme

All water supply schemes involve the flow of water through pipes. This flow
involves the consideration of the frictional resistance of the water against the pipe
walls, Friction depends on the nature of the surface of the walls and the velocity
of flow through the pipe. The energy lost in overcoming the frictional resistaitce
is expressed as a loss of pressure head, usually measured in metres of water.
Consider the following simple example of flow in a pipeline from a reservoir
(Fig. 2).
Under static conditions the pressure at point B will be H metres. As the velocity
of flow in the pipeline increases, the pressure head at B will reduce to h metres
where h = H - Hf being the head lost due to friction (Fig. 2).
Hf = K LV* where K is a constant
d
line.

dependent

15

on the type and nature of pipe-

length L
velocity V
diameter d

Fig. 2.

FLOW IN PIPELINES

Charts have been prepared on the basis of this formula for high density polythene pipe and for rigid PVC pipe, or galvanised iron pipe, which give the head loss
in metres per 1000 metres of pipe for different flows and different diameters of
pipe (Figs. 3,4,5).
When estimating the flow through a pipeline to a community the maximum demand at any instant must be considered. A chart has been prepared giving an indication of how many taps in a group of taps may be running at once. For a small
number of taps, all may run at once but as the number of taps increases all will
not be required at the same time. This chart gives an indication of the peak demand
that can be expected (Fig. 6).
The pressure required to drive the water through the standpipe and tap must be
considered and for design purposes 10 metres (30 ft) of head should be allowed if
possible. An example of the use of these tables is sho;nm in the following problem.
A village water supply system is to have 35 communal taps. From Fig. 6 it can
be assumed that 15 taps will be used at once giving a peak demand of 165 litres per
minute. The village is situated 4,000 metres from the reservoir which has a water
level of 300 metres above sea level and the village is about 275 metres above sea
level.
From the chart for rigid PVC pipe (Fig. 3) and using a 100 mm pipe, the 2.75
litres per second (165 litres per minute) vertical line is crossed by the 100 mm
sloping line at a friction loss reading of 1;2 metres per 1,000 metres. So in the
4,606 metres of pipeline the pressure head loss due to friction will be 4.8 metres
- say 5 metres. So the pressure at the village at this flow will be (300 - 5) - 275,
that is 20 metres, not 25 metres as would be available under static conditions.
Assuming that 10 metres head of water are required to pass a reasonable flow
through the tap, then no tap in this village situated above (300 - 5) - 10 or 285
(con timed on p.20)
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metres above sea level would receive a reasonable flow.
Possibly one tap is situated 500 metres away from the village but at the same
level of 275 metres above sea level. What diameter polythene pipe would be re-

From the polythene pipe chart (Fig. 4) reading the loss of 20m per 1,OOOm
horizontally
and 0.18 litres per second vertically a 19mm (3/4 inch) pipeline is
indicated.
A larger size could be used and then if necessary, in the future, a further tap
added. If for economy a 12mm (‘/ inch) diameter pipe were used, the maximum
flow would be 6 litres (1.3 gallons) per minute.
A similar calculation of the frictional head loss is required when determining
the capacity of a pump. Here is a further example of the use of the charts in connection with a pumping pipeline. The water level in a well is 20 metres below
ground level. The top water level in the tank to which the water is pumped is 80
metres above the ground level at the well head, but situated 1500 metres away.
It has been estimated that the community will use 22,500 litres (5000 gallons) per
day and it has been decided to pump 12 hours per day. What horse-power pump
will be required?
The pumping rate will be 30 litres per minute. The pumping lread is made up
as follows lift from the well to ground level Lift from ground level to reservoir Frictional resistance along pipeline Using the polythene pipe chart (Fig.
results are obtained:Pipe diameter

20 m
80 m
Hf
4) at 0.5 litres per second the following

Metric

Imperial

Friction head
per 1000 m

25
32
37
50

1
1%
1%
2

25 m
7.5 m
4.2 m
1.5 m

mm
mm
mm
mm

a.-

inch
inch
inch
inch

Friction
pipeline
37.5
11.2
6.3
2.2

head in
1500 m long

m
m
m
m

The head loss with a 25 mm pipe is large compared with the total head to be
pumped. Either a 32 mm or 37 mm pipe would be adequate. Take the 32 mm pipe:
Static head
1OOm
Friction head
llm
Total pumping head 11 lm
From the formula given on page 37, the horse power required
= 0.5 x 111
= 0.73 H.P.
76
Assuming an overall efficiency

of 35% a 2 HP motor will be required.

A chart has been prepared (Fig. 11) giving an indication of the power required
in ,kilowatts for differing flows and total pumping heads as the unit efficiency increases with size.
Similar hydraulic considerations must be made when designing the diameter and
fall on sewers where the flow is by gravity. Here the usual minimum diameter is
150 mm (6 inch) in order to avoid blockages. The sewer should be laid in straight
lines and with a constant fall between manholes so that the line can be cleared with
rods if necessary. Design chart Fig. 7 shows the flows at varying gradients, but the
sewers should not be laid flatter than the line indicated, so that the velocity of flow
is great enough to carry all solids along the sewer.
Measurement

,”

.’
;f‘:;.

of yield of a source

Where the flow from a spring or small stream is limited, it is essential that the
flow is measured regularly for at least one year in order to assess the yield. In most
slow-flowing streams, weirs or V-notches can be used for flow measurement.
This can be done by putting a weir across the stream (Fig. 8) and making sure
that all the water passes over the weir. A timber structure with a weir of a known
length will suffice for most purposes but a block or concrete structure with a steel
plate will give more accurate readings. If accurate readings at low flows are required, a 90° V-notch weir will give good results. The water level over the crest of
the weir must be measured about 30 cm back from the crest where the flow is
steady. These water levels can be converted directly to flows using the charts
(Figs. 9 and IO). The estimate of yield of a borehole is more difficult and it may
safely be said that the only practical way of ascertaining this is by pumping at
different rates over periods of several days. The flow from the pump can be measured using weirs as already described.
Pumping plant
The choice between the use of
on the quantity of water required
the means of operating the plant
ine.
Several types of pumping plant

mechanical or manual pumping plant will depend
from the source, the availability of finance and
either by electricity or a small petrol-driven engare briefly covered here.

MeGhanical pumps
Any mechanical pump should be ordered from the supplier to pump a specified
quantity of water against the total lift. The prime mover, or the pump drive, will
either be an electric motor or small petrol engine, and should be ordered together
with the pump.
Types of pumps
a. Horizontal or vertical direct-drive pumps.
Small pumps, electrically or engine driven, are now readily available at most
I
(Continued on p.28)
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Fig, 12.

MECHANICAL PUMPING INSTALLATION

zntres. These are suitable when the pump suction has a positive pressure of water
n it, but can be used from a shallow well or bore with a suction lift not exceeding
metres (20 ft).
b. Well pumps
In deeper wells or boreholes the pump itself must be situated below the water
‘vel. The drive motor, if electric, can be either fixed directly to the pump and subversed .in the water (a submersible pump) or on the ground surface with a long
raft down to the pump, as shown in the sketches (Fig. 12).
For a submersible pump the rising main will be either screwed steel pipe or cast
on pipe with flanges. The electric cable will be lowered down the borehole with
te rising main.
In the case of a shaft borehole pump, the pump shaft has to pass down the rising
#ain with regularly placed ,special bearings. This requires careful installation, but
be life of this type of pumping unit is usually greater than that of a submersible
Imp. The electric motor is then above ground level and readily available for
lutine maintenance.
ydraulic ram pumps
These may be obtained commercially
in a variety of sizes. The typical small
lmmercial pump can lift 90 I/h (20 gal/h) to heights up to 60 m (200 ft) without
lnsuming any external power excepting that derived from the water supply.
n essential part of a ram pump installation is a metal drive pipe having about 24 cm
lgth (9 inch) for every 30 cm (12 inch) of vertical height between the pump
28

and the final delivery point. This should be laid as straight as possible and be fed
from a small dam. The column of water flowing down the pipe creates a water
hammer effect which operates the valves in the pump, allowing about 10% of the
total flow to be lifted to the required height: the remaining water then runs to
waste. Ram pumps are costly and cannot be obtained in sizes small enough to
suit very small communities.
Small ram pumps may be built from steel pipe and
standard fittings, requiring only the dash valve and the delivery valve to be made
in a workshop. The design of rain pumps is empirical and some experimenting will
be necessary to adjust the size and weight of the valves. A typical ram pump installation and a suggested design for a ram pump using standard pipe fittings is shown
in Fig. 13.
Hand pumps
There are many commercially
made hand pumps available at fairly low cost.
Typical low-lift hand pumps will raise 35 Vmin about 6 m height. The output will
be increased as the height is decreased and vice versa. The maximum height that
displacement pumps can lift is related to the atmospheric pressure so that at levels
higher than sea level the maximum lifting height is reduced. Most commercial
hand pumps are of the piston type or the semi-rotary type and are beyond the
resources of most rural craftsmen to reproduce; however Fig. 14 shows a design
of a displacement pump which could be constructed by many village craftsmen.
It is essential that this type of pump should be of small size in order to remain
within the capacity of manual operation, and only low lifts can be expected.
A hand pump of an entirely different type has been designed after the fashion
of a ship’s bilge pump. As this pump contains only one simple flap valve and no
other moving parts it has been called the “Simplest pump”. The method of construction and three methods of installation are shown in Fig. 15. The simplest
pump is operated by raising and lowering the entire unit about 20 to 30 cm (8 to
12 inch) rhythmically
at trom 1 to 3 strokes per sec. Pumps UP to 75 mm (3 inch)
bore can lift 100 I/min (24 gal/min) from depths up to 4 m (13 ft) at up to 2000 m
(6000 ft) above sea level. Simplest pumps can be built in sizes up to about 15 cm
(6 inch) bore and can lift approximately
200 I/min from a depth of 1 m. A limiting
factor in the ultimate size of simplest pumps is the weight which can be manually
operated. This type of pump is most useful at lifts less than 3 m.
Rope lifts
The rope lift for water is simpler to build than any type of pump, is independent
of height above sea level, and could be converted to bicycle power. A typical manual installation is shown in Fig. 16; pulleys can be hand made and the dimensions
are not important. The rope can be of any diameter and a!most any durable material. The operation of a rope lift depends on the rope being partly submerged in the
water source and lifted over the pulleys at a rate faster than the water is flowing
down the rope, thus the height of lift can be up to 20 m or more. The volume of
(Continued
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on p. 36).

Fig. 13.
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Fig. 15.
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Fig. 16.
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water delivered depends on the surface area of the rope and the speed with which
the apparatus is worked. Delivery rates of 15 Vmin can be achieved by hand-driven
lifts; cycle powered rope lifts can deliver more rapidly.
Bucket lifts
In the smallest rural communities with the minimum of resources, bucket lifts
may be the only type of water-lifting
device within their capacity to build. The
windlass-operated
well bucket is well known in rural areas in Europe and is illustrated in Fig. 17.
Care should be taken with bucket lifts to ensure that only the well bucket is
dropped into the well and if removed it should not be placed on foul ground.
Proper protection from surface water and if possible covers should be provided at
wells. The self-emptying bucket types can be adapted to fill a head tank directly.
The traditional Arab ‘shaduf’ is a useful and simple device for lifting water but as
it is not known in many other parts of rural Africa it is shown in Fig. 18 with a
simple modification
which will make transfer of water from the bucket more convenient. This type of self-emptying bucket can also be adapted to fill a head tank
directly.
Special note on pumps and pipelines
Pumps and pipelines of the cheapest and simplest types may be all that is possible in some situations. If well made, well looked after and protected from neglect
and abuse they can give good service for a long time. Even the best types of pumps
and pipelines will fail if badly installed and neglected or abused. In many situations
an immediate improvement in public health can occur when simple equipment is
installed and properly used. Simple equipment can form a basis or nucleus from
which the most efficient system can be developed as resources become available.

1:

Useful Factors
1 cu. ft. of water contains 6.24 gallons or 28.4 litres.
1 cu. metre of water contains 220 gallons.
1 gallon of water weighs 10 lb.
1 cu. foot per second = 540,000 gallons per day.
-1 horse power = 550 ft Ib/sec
= 746 watts
For calculating horse power:
B.H.P. = Flow (/itr&sec)

x pumping head (metres) x

76
kW = Flow /litres/kec) x pumping head (metres) x
102

100
efficiency

(%)

100
efficiency

(%)

Metric Units
1 kg (kilogram)
= 1000 g (gram) = 2.205 lb.
= 1000 mg (milligram)
1 9 (gram)
1 I (litre)
=I000 ml (millilitres) = 0.22 gal.
1 mg/l = 1 milligram per litre - considering solutions of substances in water mg/l
is approximately the same as parts per million (ppm or pp 106)
1 m (metre = 100 cm) = 1.094 yards
1 cm = (centimetre) = 10 mm (millimetre)
2.54 cm = l inch
1 m3 of water = 1000 I, weight 1000 kg. approximately
1 ton UK
Abbreviations
A.R. - analytical reagent, a high quality and very pure form of a chemical substance.
BOD - biochemical oxygen demand, see p. 63.
the chemists abbreviation for chlorine, it is also used to represent one
Cl2
molecule of chlorine.
Ecoli - Escherichia coli, a common intestinal organism or bacterium. Its presence
in a water supply indicates pollution from human or -animal excreta and maybe
accompanied by organisms of serious diseases.
Gal - gallon. Throughout this handbook the UK or Imperial gallon is used. Other
publications may be found which use the US gallon which is not the same measure.
1 gal UK = 1.2003 gal US = 4.546 litres
i I
r,

SS - suspended solids, undissolved matter floating throughout the depth of water.
SS maybe of animal, vegetable or mineral origin and a proportion
is able to settle
out.
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of water for small communities

can be considered

in four sections:

a. Storage and settlement
b. Flocculation and settlement
c. Filtration
d. Disinfection or sterilization
Wherever possible all water supplied for public consumption should be free from
harmful organisms. Many deep boreholes or well protected springs may provide
water substantially
free from microbiological
impurities, this can be verified by
. bacteriological
tests if possible. Most surface waters and shallow wells in tropical
areas are exposed to faecal pollution by animals or people, and if such sources
are used they should be disinfected or sterilized. It is usually cheaper and easier
to supply good quality water that requires little or no treatment, than to treat
polluted water which may be easier to obtain or to pump. Where disinfection is
found to be necessary, proper care and regular chemical testing shoutd be exercised at all times, as only one act of carelessness or folly can have serious consequences.
Most water supply installations embody some form of primary storage tank or
pond and its value as a settlement tank cannot be under-estimated. Where there is a
danger of bilharzia infection, if protected storage is introduced for a period of 48
hours the cercaria are unable to infect a host and will die. Some authorities consider
that 36 hours is sufficient. Other organisms may be reduced in numbers by the
same method, though for most bacteria, storage times in excess of a week are necessary to produca a significant reduction. Two weeks’ storage can reduce bacteria
populations by 50 to 90 per cant depending on the severity of pollution. Prolonged
storage in uncovered tanks can produce thick algal growths and may encourage
mosquito breeding; precautions must be taken to prevent these occurring. A11
storage tank inlets should be screened to prevent contamination
by gross suspended
matter and tanks should be covered to protect them from birds and small animals.
Storage tanks may ba constructed from steel, or excavated and if necessary lined
with concrete, brick or with polythene film.
Flocculation-and
filtration may be required to remove further suspended solids
and colour from the raw water to render it safe and acceptable in appearance for
general use.
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Flocculation requires the careful dosing of the raw water with chemicals and is
considered beyond the scope of most small developments. It will however be dealt
with in general terms.
Filtration is the passage of the water through a sand bed which will retain the
suspended solids. Various methods of sand filtration
will be outlined, some well
tried on modern water treatment plants and others given here as suggestions for
local development.
Flocculation

and sedimentation

In order to increase the capacity of filtration plants, it is possibie to coagulate
suspended matter by the use of chemicals, and then allow the heavier particles
to settle.
Coagulants:
1. Aluminium
sulphate (sulphate of alumina, alum, aluminoferric)
- often the
only chemical available.
2. Sodium aluminate - usually used in conjunction with aluminium sulphate
3. Ferrous sulphate and lime
4. Ferric chloride
The choice and dose of these chemicals will depend on the characteristics of
the water to be treated and can be found only by laboratory experiments on the
raw water. The dose rate may be from 5 mg/l to 100 mg/l of coagulant.
The settlement of the heavier particles can take place in either horizontal or
vertical flow tanks (Fig, 19). The sludge must be removed from the floor of horizontal tanks. In the case of vertical flow tanks the flocculated material can form
a mass called a blanket which is held in position by the upward velocity of flow
of the water. The blanket then acts as a further filter to aid the removal of the
flocculated
material. Coagulant solutions may be added to water by continuous
doses (Fig. 20) if a reasonable uniform rate of flow is maintained.
It can easily be seen that flocculation
and sedimentation require a large amount
of initial capital expenditure on plant and tanks and then require continual chemical dosing and maintenance. The cost of any water thus produced is bound to be
high.

I

Sand filtration

,

Many methods of sand filtration
advantages for any one scheme.
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can be considered and each may have particular

1. Rapid sand filters
These can be either open tanks (rapid gravity filters Fig. 21) or closed metal
tanks where the water passes through under pressure (pressure filters).
Water is supplied to the top of a bed of sand about 1 m (3 ft) deep supported on
a layer of graded sand incorporating
a system of underdrains. In order to maintain
adequate flow an operating depth of water from 1% to 2 m (5 to 6 ft) must be
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Fig. 19.
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aintained above the sand. The total through-put can be as much as 2400 to 7200
res per m* (50 to 150 gallons per sq. ft) per hour. The filtering action of the
pid sand filter is entirely mechanical and suspended matter is accumulated in the
bids until the through-put drops to an inadequate level. At this point it is necesry to clean the filter by backwashing with filtered water and frequently by agiting the sand bed mechanically or with compressed air.
The necessity for frequent backwashing requires trained staff and frequent
lecking. However a rapid gravity filter is compact and efficient and is very suitable
r large installations on restricted sites.
When used in conjunction
with sedimentation
and flocculation,
almost any
ater can be clarified by rapid sand filtration.
Professional advice is however
quired before any work of this nature is undertaken.

Fig. 21.
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When the filter becomes blocked, it may be cleaned bv stopping the flow of incoming water. Drain the bed to export
the sand. The surface layirr of 3 to 5 cm of soiled rand may then tm &moved with shovels. When this operation has been
aried out 3 or 4 times a fresh layer of clean sand should be put in.porition to maintain the thickness uf the bd.

2. Slow sand filters
The structure of a slow sand filter is similar to a rapid sand filter in that water
is supplied to the surface of a bed of sand of somewhat smaller particle size, about
0.2 to 0.5 mm and about 1.2 m (4 ft) deep supported on a bed of graded gravel
incorporating
an underdrain system (Fig. 22). An operating depth of about % to
1 m (2 to 3 ft) of water must be maintained above tire sznd level and the rate of
flow restricted to about 100 litres per m* (2 gallons per sq. 1’:) per hour. Initially
the filtering action of a slow sand filter is the same as that of a rapid filter but
suspended matter accumulates at the surface of the sand layer and in a short
time a layer of living organisms forms which adds a significant biological purifying
contribution
to the mechanical filtering action. This enables colloidal material
to be removed and the bacterial counts of the raw water are reduced considerably.
Dissolved inorganic and organic material is also consumed by the biological film,
resulting in some improvement to colour. The slow sand filter cannot be backwashed in the same way as the rapid filter and when cleaning becomes necessary,
much less frequently than with rapid filters, the soiled surface of the sand is exposed by draining and must be manually removed to a depth of 1 or 2 inches. A
freshly cleaned bed requires a little time to re-establish treatment so that some
duplicate equipment must be installed in a slow sand filter plant. The advantages
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of slow sand filters lie in their great simplicity. The maintenace of slow sand filters
is simple and requires less critical attention than rapid sand filters. No chemical
dosing is necessary with slow sand filters. The serious disadvantage of the slow sand
filter is that it requires 40 to 50 times the land area of a rapid filter with the same
through-put.
In rural situations where space and lahour are not serious considerations, this type of plant offers many advantages.
In the tropics exposed water may grow dense growths of algae and may also
encourage mosquito breeding. Precautions should be taken to control these diffifulties.
3. Upward-flciw

sand filters

Considerable experimental work has been carried out on upward-f low sand filters.
In these, raw water is introduced into a gravel layer supporting a bed of coarse
3-4 mm sand about 30 cm (1 ft) deep. In its passage upwards, coarse suspended
matter is retained in the lower part of the sand bed and finer material is progressively removed by the upper layers. The through-put
must be restricted to prevent
lifting of the sand. With most raw water rates of 500 to 1500 l/m* (10 to 30
gallons per square foot) per hour effect a significant improvement in quality and
there is evidence that some biological activity is able to take place. The action
is therefore a compromise between the mechanical action of a rapid filter and
the biological and mechanical action of the slow filter. The major advantages offered by the upward-flow sand filter are, firstly simplicity of construction, secondly
ease of cleaning. It has been found that accumulated suspended matter may be removed by simply stopping the input of raw water and rapidly lowering the level of
water above the bed by draining, thus reversing the direction of flow. This operation is quick and easy and may be incorporated into a simple daily routine. This
kind of filter thus offers advantages which make it particularly
suited for many
intermediate situations such as farm estates, schools or trading estates.
In practical terms an upward flow filter (Fig. 23) constructed from a 44 gallon
oil drum with an area of 2.64 sq. ft would be capable of filtering some 225 litres
(50 gallons) per hour or, if operated for 12 hours daily, of producing 2700 litres
(600 gal) per day. The cost of such a filter is little more than the cost of the drum,
a few pieces of pipe and a stop-cock. The maintenance of the filter is the ordinary
routine cleaning of the filter by backwashing which might be a routine daily task.
In larger sizes, common corrugated galvanised water tanks may be used; a 6ft
(1.8 m) diameter tank would have an output of 2500 litres per hour (560 gals/
hour) at the same loading.
4. Horizontal
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This simple method of filtration,
Dutch origin where use is made of
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a modification
of the slow sand filter, is of
the large areas of sand dunes which consist
layers over impervious clay. This enables imsand at high points. The water is allowed to
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Fig.. 23.
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~&em#ate through the sand by the influence of the head and the permeability of
the s&d and it can be collected at lower points in the dunes substantially purified.
The retention period in the dunes in Holland is often as much as 30 days. This
allows the organic matter which accumulates in the sand to be oxidized to carbon
dioxide by natural biological action.
This system of filtration offers many advantages to rural tropical communities
as construction
costs are low and maintenance is minimal. The higher tropical
tempratures
would favour biological activity. Filtration by this method enables
large quantities of water to be filtered with only a small area of exposed water
surface, thus the risk of mosquito breeding or snail infection is reduced to proportions which make protective measures possible. Although the quantities of sand
used are large compared with conventional filtration the cost of extra sand is not
great on the scale that this would be adopted in rural conditions.
It is a comparatively easy type of filter to construct in its simplest form (Fig.24)
consisting of a bed or- channel cut into the ground, lined with polythRne film to
provide a water seal and filled with suitable clean sand of 10 to 52 mesh (0.07 to
0.01 in. or 1.85 to 0.25 mm). Raw water is allowed to flow into a small depression
at one end of the channel, and a second depression about 10 to 30 m (30 or 40 ft)
away at a lower level giving an effective slope of about 1 in 20 allows filtered water
to flow out. The retention time in such filters should be of the order of 36 hours
or more. Since the water-holding
capacity or voids capacity of sand is usually
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Fig. 24.

THE HORlZDNTAL

SAND FILTER

Ditch to divert surface water
Water inlet pipe

1.8S to 0.25 mm
Xto2mdaep

cQntinuQus flow Iyp
Length 10 to 13 m from inlet tooutlet with effective sIope 1 in 20.
When inlet channel becomes blodted. divert flow to new channel cut 1 m :.
The first channel can then be cleaned and normal flow resumed.

h&ads to ba only slightly larger than flow demand.
To clean inlet, remoue drum and ball vake and refit to one side while dirty sand is removed.

about

40 per cent, the volume

Volume of sand = daily output

of sand required

may be calculated

as follows:

required x 24 x 4.

The action of the horizontal sand filter to some extent resembles that of the slow
sand filter. A skin develops on the surface of the sand at the influent point but the
rate of application at this point is much greater than that of a slow sand filter so
that biological activity takes place within the body of the filter and if sufficient
retention time is allowed then the biological action is completed and the final water
is of good bacteriological quality.
Results from practical field tests may be briefly summarised as follows. Two
widely differing types of water have been treated by horizontal sand filtration and
in both cases about 75 per cent of the polluting impurities have been removed in
less than the retention time recommended. Beds of about 2% cubic metres of sand
are able to deliver about 25 to 50 litres of water per hour (6-12 gal/hr) depending
46

on the permeability
of the sand. On a continuous flow basis this would provide
600 to 1200 litres per day (150-300 gal/day) or sufficient for a rural population
of 13 to 26 people assuming a consumption of 45 litres per person per day. This
would fit a great many rural situations. If more water is required the filter can
easily be extended even after it has been in use for a time.
Iron removal (Fig. 25)
Many swamp waters and some borehole waters contain insoluble and dissolved
iron compounds which are objectionable in water supplies. The most usual soluble
iron compounds found are ferrous sulphate or ferrous bicarbonate. At pH values
over 7.0 these compounds can be removed by settlement or filtration. Sometimes
exposure to the atmosphere in primary storage .tanks enables sufficient oxidation
to take place to remove low concentrations
of iron. More efficient iron removal
can be accomplished by aerating the water. This can be easily carried out by allowing the water, after treatment with limestone to raise the pH value if necessary, to trickle through layers of broken stone or gravel about 2.5 cm mesh and
15 cm deep. Two or more layers may be necessary separated by air spaces. If coke
can be obtained it often performs more efficiently than gravel or rock: It may be
worth experimenting
with hard charcoal broken into suitable sizes. The rate of
application
of water to this kind of filter is approximately
1600 l/m*/h. Iron
compounds may also be precipitated by chlorine and some other chemicals but

Fig. 25.

TRICKLING

FILTER

FOR AERATION

AND IRON REMOVAL

Inlet pipe wiih sprinklers

Trays 25 cm deep with
perforated bottoms

Notches for ventilation
15 an layers of stones
25 cm grade

Collecting

tray and delivery dw

The approximate rate of flow through this type of filter, is up to lMl0 litres per hour, per m2 area.
The number of trays should be found by trial.

these processes require more control
device described for iron precipitation
effects on taste and odour.
5. Correction

than is likely in rural areas. The trickling
aerates the water and may have beneficial

of acidity

Many tropical waters are acidic and have a very low pH value which, apart from
direct undesirable effects, produces considerable corrosion in metal fittings with
resulting secondary pollution by metal compounds. Also in many cases where alum
flocculation
is carried out the pH value of the raw water is below the level which
will permit the alum floe to form. One method used to correct this is direct dosing
of proportional
quantities of lime with the alum. In many simple installations
pH correction can be carried out by upward flow treatment through beds of crushed
limestone (calcium carbonate). This has the advantage that since the practical limit
of pH achieved is about 7.5 no dosing apparatus or control is necessary. In addition
if the limestone is graded to a suitable size the bed may be incorporated
in an
upward-flow
sand filter removing suspended matter. If the raw water contains a
high concentration
of sulphate the surface of the limestone may become coated
after a time with insoluble calcium sulphate which will seriously impede the action.
In such cases accurate dosing with lime slurries may be employed. The neutralization of the acids in the raw water results in some consumption of calcium carbonate
but in a typical tropical situation the uptake of limestone was about IO kg per
million litres (100 lb per million gallons) and the hardness of the raw water was
raised from 39 to 75 which still remains very soft.
Alkaline waters with high pH values cannot be corrected by this method but
they are invariably associated with other conditions which make flocculation
necessary. A by-product of flocculation with alum is the production of acid which
reduces high pH values automatically.
Alternatively,
high pH values can be corrected by adding mineral acids but this should not be attempted unless proper
testing and control can be maintained.
Disinfection

or Sterilization

It is essential that public water supplies should be bacteriologically
as safe as
possible. Some deep well waters are naturally safe, but most surface waters are
polluted and should be sterilized if possible. This is usually carried out by chlorination, with chlorine gas in some large supplies exceeding 25000 litres per hour.
Small supplies find it more convenient to use solutions of chemicals containing
free chlorine such as bleaching powder, chlorinated
lime, sodium hypochlorite
or HTH.
The chlorine dosing equipment should be sufficient firstly to allow not less
than thirty minutes of contact with the water before use and secondly to maintain
a chlorine residual of at least 0.3 mg/l after that time. The methods of estimating
the dose and measuring the residual are set out earlier in this handbook.
Bleaching powder, or chlorinated
lime, calcium hypochlorite.
contains 35 per
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cent available chlorine by weight. Thus 1 Kg of powder will give 1,000 000 litres
of water a dose of 0.35 my/l, or 1 lb. of powder to 100 000 gallons a dose of 3.35
mg/l.
Commercial sodium hypochlorite
solution contains 0.25 Kg per litre (2.5 lb.
per gallon) of available chlorine. Thus 1 litre of commercial solution will provide
1 000 000 litres of water with 0.25 mg/l.
Dry HTH contains 70% by weight available chlorine. Thus 1 Kg will provide
1 090 000 litres with a dose of 0.7 mg/l or 1 lb in 100 000 gallons at 0.7 mg/l of
chlorine.
Chlorine dosing
In order to obtain a constant chlorine dose with simple plant it is essential to
dose into a constant flow, such as the flow from a pump, and not into a flow which
is varying. Dosing on the inlet to a storage tank will often give this condition together with the necessary contact time before consumption.
A simple dosing apparatus can be made from a container such as a large plastic
drum or a metal drum which has been painted inside with bituminous paint to
protect the metal from corrosion (Fig. 20). A rubber delivery tube fitted to the
bottom of the drum will enable the solution to be delivered to the water. The rate
of delivery can be reduced with some suitable form of tap or a clamp squeezing
the tube. A more uniform rate of delivery can be achieved if the liquid is allowed to
flow out of the drum through a second tube inside the drum attached to a float
which will keep the open end a constant depth below the surface of the liquid.
This type of doser can be used for flocculants and other chemicals if required. If
chloride of lime is used, it is essential to stir the solution occasionally to prevent
settlement of the solid matter. Alternatively
a stock solution can be prepared containing 100 g/l, allowed to settle and the clear top solution drawn off for use.
Solutions made in this way retain their strength, maintaining about ‘I8 gm/l of
available chlorine for up to 48 hours.
It has been shown that to ensure a complete sterilization of bilharzia ce’rcaria in
a water of pH7 it is necessary to have a chlorine residual of 0.1 mg/l after 30
minutes contact. If the pH of the water is increased from 7.0 to 8.5 this period of
contact should be increased to 45 minutes to ensure safety.
All new mains and water works plant should be sterilized with a dose of chlorine
of at least 25 mgIl and thoroughly flushed out before use,
Chlorine demand and residual
A simple equation defines the various terms:
Chlorine demand plus chlorine residual equals chlorine dose.
The chlorine residual has already been fixed and so the dose then varies with
the chlorine demand, or degree of impurity.
The chlorine residual can be measured by the methods described on page 9
which can easily be carried out in the field.
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Boiling
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The boiling of water for a few minutes does not necessarily give complete
sterilization.
Although the majority of bacteria and virus are rendered harmless
very rapidly, it is necessary to boil water for 20 minutes to ensure full safety.

Chapter Four
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Water and Excreta Disposal

The first step in waste collection and disposal is the provision of some kind of
latrine system. Two important factors must be taken into account. The first is to
consider whether to install communal facilities or facilities for every individual
family. Factors influencing this choice are urgency and cheapness; if both needs are
acute, communal latrines at least for most of the community are preferable. Communal latrines are however liable to neglect or abuse and regular inspection is necessary. Individual family latrines are preferable wherever possible, though in many
kinds of rural community a degree of inspection will still be necessary. The second
important factor dominating the design of latrine systems is the type of apparatus
best suited to local customs. In many underdeveloped rural communities a squattingposition
is adopted and for this purpose a simple form of squatting plate can be
provided. The simple squatting plate can have a toilet bowl added as required, or it
may be replaced by suitable high level toilets in most systems.
In many areas piped water supplies are not available. Water-carriage sewerage
systems are therefore not practical and the pit privy will be used, In some areas
night soil bucket closets are used but these are expensive to maintain, requiring
a kind of labour which is becoming increasingly difficult to recruit. Considering
other sanitary objections to the system there are no grounds for recommending
night soil bucket closets: they.should be discouraged and are not described.
The pit privy
Unless it is intended to construct watertight pit privies the location of this type
of privy should be considered in relation to the position of local water sources.
In normal dry soil bacterial pollution from the contents of-a non-watertight
pit can
migrate up to 7.5 m horizontally and 3 m vertically. If the water table is penetrated
bacterial pollution can travel up to 30 m in the direction of flow of the ground
water. If a well penetrates the water table it will induce water flow towards it so
that the minimum distance permissible between an unsealed pit privy and a well or
a stream used as a water source should be not less than 30 m, though the risk of
infection beyond 20 m is small; in gravel or fissured rock the distances should be
considerably increased. The minimum safe distance in fissured rock depends very
much on the local physical conditions of the rock and no minimum safe distance
can be usefully quoted. Under no circumstances should the distance be less than
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200 m. Under the worst conditions bacteriai contamination
has been known to
travel 2#O m. Local experience should be consulted in inhabited areas and if necessary pit privies should be made watertight or an alternative system employed. Pits
should not be sited at a higher level than wells. To ensure regular use and cleaning
they should be sited close to dwellings, but not less than 5 m in mostcircumstances.
In some circumstances very small pit privies are used but they are only suitable for
temporary camps or emergency facilities. There are two types of pit privy suitable
for regular use: the basic pit and the borehole pit.
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The bmic pit privy
This consists of a manually dug hole, round or rectangular in cross section, not
less than 2.5 m (8 ft) deep. The minimum practical diameter to permit digging is
about 1 m. Some revetement may be necessary at least near the mouth of the pit if
there is any likelihood of soil collapsing. The volume of the pit is related to its
useful life; under average conditions for a pit which penetrates the ground water
table and is consequently permanently wet, a capacity of approximately
40 litres
capacity per person per year should be allowed, assuming no bulky cleansing
materials such,as grass, leaves or similar materials are used.
ln circumstances where such materials are commonly used, the capacity per
person per year should be increased to 60 litres. In practice pits should have a
storage period of not less than 1% years, preferably more than 4 years. A pit privy
is considered to be full to capacity when the contents reach a level 50 cm from
ground level. At this point the pit should be filled with earth and the contents
allowed to decompose for about 1 year, when the digested material can be removed and spread on land without offence. No disinfectants shoufd be added to
pit privies as they will prevent biological action and create offence.
The superstructure
of a pit can vary to suit circumstances. A simple wooden
floor with a hole for the user surrounded by a simple shelter is not uncommon in
many areas. This may ba improved upon by introducing properly designed squatting plates cast in concrete on a scale of one for every 10-l 2 users and equipped
with covers to minimize fly breeding. A simple high level closet, comprising a seat,
lid and drop pipe, can be installed and the shelter can be made as elaborate as
required. An essential precaution is the preventio? of surface water entering the pit
by suitably elevating the floor. Mosquito breeding can be prevented by the weekly
addition of a small quantity of oil. A diagram illustrating a pit privy and suitable
types of squatting plate and cover, and pour flush closet is shown in Fig. 26.
The less common water-tight pit privy should be in general similar in design to
the unsealed pit but functions more like a cess pit and should have an accordingly
larger capacity, usually about 500 litres per person per year. Watertight pits should
not be used unless an adequate emptying and disposal service can be provided.
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The water-seal

chtt

(pour flush)

A type of closet which uses a modified squatting plate embodying a small closet
bowl with a very shallow water seal has proved popular in many parts of the Far
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Fig. 26.

Hole not lass than
lmdiameter
26mchp

THE PIT PRIW

V
IMPDRTANT
SITE NOT LESS THAN
3&n FROM STREAMS OR WELLS
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Plan

Section to show raised
footrests and dished
upper suurfue
Squatting

PIT PRIVY FlT+ED WITH
POUR FLUSH BOWL

plate
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E ast and may sometimes be found in southern Europe (Fig. 27). As it embodies
a water seal it removes all problems of fly and mosquito breeding and all possibility
f odour nuisance from the contents of the pit. The volume of water used for
ushing may be as low as 1W litres. Water-seal closets may be cast in concrete as an
inltegral part of the squatting plate which for convenience should be circular so that
it may be easily rolled into position. It may be possible to use a similar type of
bcowl in a normal high level closet though it will need to be deeper and require
ra lther more flushing water.

Fig. 27.

THE WATER SEAL CLOSET OR FOUR FLUSH BOWL

SE. Asiantvpa with forward
trcino -P

Plug

‘ihe mould is made in &ree parts, tieconsisting of a shallow wooden tray fitted tiith a core which can be moulded in
MIUS~~, and two locating pegs. Fitting ower the base is the outer case made from SW& there is ? gap 3 to 4 cm between the
ua%?anti ttp outer case, which is fked with f&&g
which forms the hole for the outlet pip. All inside surfaces of the
mould WP greased before casting.
Concrete mark from 2!4 parts sand and 1 part cement is rammed into the maild through the filling hole and aiiowed to ret
for 24 hours. The plug and the casa can than be remok?,
and after a further 24 houn the bowl can bf carefully lifted from
the bass and allowed to harden for about 4 or 5 days. The bowl is completed by cemerlting a standwd pipa elbow of the
arrect size into tha hole left by the plug.
-__I_
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The use of a water-seal closet makes it possible to install
connected to the pit by a pipe 100 to 156 mm bore laid
short a distance as possible at a slope not less than 1 in 20.
than one closet can be connected to a single pit.
If a water-seal closet is mounted directly over a pit, the
opposite the closet discharge should be protected to prevent

the closet in the house,
in a straight run for as
Using this system more
wall of the pit directly
erosion.

The bmhole pit
This type of pit differs from the basic pit mainly by its method of construction.
An earth auger not less than 40 cm diameter is used to bore a hole not less than
4 m deep and up to the limit of the auger depth (10 m). The superstructure
and
function are exactly the same as the basic pit though the capacity is invariably
less, thus the life of a borehole pit is less. Owing to the narrowness of the borehole,
soiling of the upper walls takes place, increasing the danger of fly breeding. If a
borehole is drilled into a water table subject to fairly rapid fluctuations
a scum
layer may bridge the bore and reduce its effective capacity unless broken by rodding from above.
if suitable augers are available the construction
of borehole pits in normal soils
is very simple and rapid, and if constructed in pairs a few feet apart, the superstructure can be transferred easily from the full hole to the empty hole thus establishing continuity.
Some success has been had in parts of India with boreholes
15 cm diameter and 2 m deep which can be dug in about 30 minutes. In normally
porous soils the life of these pits is seldom more than 4 or 5 months for a family
of 6 people.

The aqua vkry
A properly designed aqua privy which is kept clean can be partially installed
within a dwelling. it consists of a water-tight
tank to receive wastes in which
biological activity resembling that in a septic tank takes place. An effluent is produced which must be properly disposed of in soak pits or by secondary treatment.
Solids accumulate in the tank which must be removed at intervals.
The design of a typical aqua privy installation is shown in Fig. 28. In this design
a simple drop pipe is used to convey wastes from the squatting plate to the tank.
it is convenient if the pipe is not firmly cemented in position so that it can be
removed if necessary to clear blockages. Where a drop pipe is fitted it should be
flushed after use with about 1% litres of water. The water-seal bowl may also be
fitted to an aqua privy and is somewhat easier to keep clean. Tanks of adequate size
may be fitted with a number of drop pipes in communal toilets.
The tank can be a single chamber tank but the settlement of solids from the effluent is invariably improved by adopting a two-tank design. The total capacity of
the aqua privy is determined by the number of users and the desirable frequency of
desludging. A suitable formula for calculating volume has been derived.
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Fig.

28.

THE ACNJA PRlVY

I.

Important
1) Fill tank with water before commencing
2) Ed

Ventilation

about 1% litres of water after every use.

pipe

[i

aperture 12 to 15 cm
immersion 15 an

2 to 3 cm from

Minimum depth 1X m

Floor slop

1 : 10

Ths/first chamter should be twice the volume of the second chamber to allow for sludge storage.

where

V=PQ+SP
V = volume
P = number of users
Q = volume of liquid discharged per person per day 9 to 12 iitres.
S = volume of sludge storage space allowed per person, a reasonable
factor is 120 to 150 litres

A minimum recommended volume for aqua privies is about 1500 litres which
will serve up to 10 people.
a
. _
Aqua prlvles may be used as communal toilets where somewhat smaller volume
allowances par parson may be used.

1

To commission a new aqua privy it must first be filled with water to make the
water seal at the drop pipe and if possible, a few buckets of sludge from an established privy or septic tank added to the first compartment.
When in regular use
disinfectants should not be added to aqua privies as they will stop the biological
action though small quantities of lime or chloride of lime can be tolerated from
time to time. No solid matter which might cause blockage should be put in an
aqua privy. If the aqua privy is unused for a time then one or more bucketfuls of
water should be added daily to maintain flow through the system.
The sludge which accumulates must be removed when it reaches to within 10 or
15 cm of the connecting aperture between the two chambers. The level can be
established with a sounding rod about every 3 months. Sludge removal will not be
necessary in a properly designed tank at intervals of less than about 5 years. It may
be buried or composted, but as it contains some undigested faecal matter should
not be spread on the surface of land without treatment. As a guide to the size of
soak pits required for effluent disposal, a trench should be constructed 1 m deep
and 30 cm wide with a gradient of 1 in 30 containing 50 cm depth of crushed rock
and built 1 to 1% m in length for every person and backfilled with soil. When desludging aqua privies some sludge should be retained to seed the privy when it is
refilled with water for further use.
Septic tanks
The septic tank is designed to accept all liquid wastes from a dwelling including
kitchen waste and bathroom waste. Septic tanks commonly used for populations
up to 300 persons in temperate climates are designed to accept liquid flows of
about 180 litres per person per day; the volume of waste waters produced in rural
communities, especially in the tropics, is likely to be very much lower. Experiments
have shown that the reduction of polluting matter carried out in septic tanks is approximately
50 per cent in temperate climates but is about 75 per cent in the
tropics where sewage of a similar strength is treated. Furthermore
owing to the
higher ambient temperatures the biological action in septic tanks reaches its maximum more quickly than in temperate climates.
The general design of a typical septic tank installation is shown in Fig. 29. The
critical design factor of the septic tank is its liquid volume.
Current practice in temperate climates uses the following formula
where

V=
(18OP + 2000) litres
V = total tank volume
P = number of users.

In areas where the flow rate of wastes is lower the same formula would give rise to
longer retention times which are of no benefit ?nd result in septic tanks being built
uneconomically
large in size. A more suitable formuia for the tropics is as follows;
where

V=
PQ+SP
V = volume
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Fig. 29.
Important

Shelter

THE SEPTIC TANK

Fill the tank with water
before commencing uw.

asrequired

ing Plate fitted with pour flush
nd 10 - 15 cm delivery pipe

m
minimum depth 1.5 m.

First chmbrr should ba

k/

-I .P = number of users
Q= volume of water discharged/person/day
S=
volume of sludge storage, 120 to 150 litres per head is a reasonable figure.
This formula assumes a retention time of 24 hours and a minimum V of 1500 litres
Septic tanks may be connected to water-seal closets or the normal type of highlevel closet and all other sources of domestic waste waters such as baths, showers,
kitchens, etc., but on no account should roof drainage or surface water drainage
be allowed to enter the septic tank system. Effluents from septic tanks and aqua
privies can be discharged directly to large water-courses with adequate flow or to
soak pits. If neither of these methods is possible further treatment must be carried
out as described in Chapter 5. Septic tanks should be filled with water before commissioning. A few bucketfuls of sludge from an established septic tank will accelerate the start of biological action. When desludging septic tanks some sludge
should be allowed to remain and the tank refilled with water. Desludging must be
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carried out when the level of sludge determined with a sounding rod rises to within
IO to 15 cm of the connecting aperture between the two chambers of the septic
tank. Frequency of sludge removal may be of the order of 3 to 5 years subject to
local conditions. Sludge may be disposed of in the same manner recommended for
aqua privy sludge.

Chapter Five

Sewage Treatment
Aqua privies and septic tanks together’with
an adequate means of final effluent
disposal, may be all that is required in small sewerage systems. Larger systems,
serving populations exceeding 200 to 300, may require secondary treatment of the
effiuents before discharge. This may include many of the established methods of
sewage treatment, and therefore may be adopted to include untreated domestic
wastes directly from water closets, kitchens and bathrooms.
Sewerage schemes of this nature will require a properly laid system of sewers.
Pressure pipes described in Chapter 2 for water supply systems can be used for
gravity sewerage systems, but salt-glazed pipes and concrete pipes are generally
cheaper in large sizes. Concrete pipes, usually in longer lengths than salt-glazed
pipes can sometimes be manufactured
locally. These pipes should preferably be
of the spigot and socket type with flexible rubber ring joints although pipes for
mortared joints may be more readily available. Thin-walled PVC pipe may also be
available in suitable sizes.
An essential preliminary to any process for the treatment of raw sewage is the
removal of gross solids, rag, paper, leaves, etc. which may cause physical blockages.
A simple screen consisting of a grill of vertical bars set 2.5 to 3.5 cm apart will
often suffice. In most small installations screens may be fitted just prior to the first
stage of treatment. It is envisagad that a treatment plant, on the scale now being
discussed, will have at least a part-time attendant responsible for routine maintenance. An important part of his duties is the periodic removal of accumulated
solids from the bar screen with a rake. Neglect of this will allow blockages to form
and may cause serious offence.
Seditnantation
Much of the polluting matter in raw sewage is in the form of suspended insoluble
particles which can be settled out in suitably designed sedimentation tanks; if the
sewage is derived from aqua privy or septic tank effluents no sedimentation tanks
are needed. There are two main types of sedimentation
tank, upward-flow
and
horizontal-flow.
The simplest type to build is the horizontal-flow
type (Fig. 19).
It should have a length not less than 3 times its breadth, and a sloping floor to assist
sludge removal. This is an important maintenance task which must not be neglected.
Duplicate tanks built in parallel may also assist regular sludge removal. Sludge may

be removed by gravity through a valve at the lowest point in the tank to a sump
or directly to treatment. The capacity of a sedimentation tank recommended for
temperate climates is of the order of 100 litres per person which gives a retention
time of about 12 hrs. In tropical conditions such a long retention time will allow
sludge lying on the bottom of the tanks to ferment and rise to the surface to form
a scum layer and may also allow some sludge to be carried forward to the next stage
of treatment. Experiments in the tropics have shown that most of the action of the
sedimentation tank has been completed within 2 hours. This suggests that in the
design of tanks for the tropics, having regard to the smaller daily volume of sewage
per person likely to be found, a more suitable settlement tank volume should be
about 10 to 25 litres per person or less, but desludging should be carried out more
often than once daily.
The inlet to a horizontal-flow
sedimentation tank should be of the submerged
type and the outlet should incorporate a scum board and weir.
A properly designed and maintained sedimentation
tank will remove about
half the polluting matter from the sewage, and further treatment of the sewage
may be carried out in stabilization ponds, by percolating filters or by the activated
sludge process.
Anaerobic

stabilization

ponds (Fig. 30)

There are two kinds of stabilization
ponds which make use of two different
biological processes. The anaerobic pond uses the same biological process and the
same basis for loading as the septic tank and the aqua privy, though on a larger
scale, and may be built rather differently.
With sewages of normal strength a recapacity I
tention time ( flow l,h ) of 48 hours is necessary. Anaerobic stabilization ponds
should be constructed with watertight
linings. Impervious soil is adequate but
porous soil will enable leakage to take place for long periods, and solids deposited
in anaerobic ponds do not readily seal leakages. The anaerobic process operates in
the absence of air so that deep tanks with a small surface area are more efficient
than shallow ponds; anaerobic ponds should not be less than 1.5 m deep. Anaerobic
stabilization ponds should be filled with water before commissioning.
If sewage is
admitted to an empty pond offensive conditions will be established which will not
be eliminated for many days. Shortly after commissioning
with raw sewage, a
sludge will accumulate on the bottom of the pond and within about a week a crust
will form on the surface which almost eliminates odour. The effluent wi!! be of a
similar quality to that of a septic tank or an aqua privy and will require further
treatment which may be conveniently carried out in an aerobic stabilization pond,
sometimes called an oxidation pond or algal pond. Sludge gradually accumulates in
anaerobic ponds; its depth can be measured with a sounding rod and it can be
removed when appropriate.
Aerobic stabilization

ponds (Fig. 31)

The action of the aerobic stabilization

pond is totally
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different

from that of an

Fig. 30.
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Importwt
Fill at least half full with water before commissioning

anaerobic pond. In all aerobic biological treatment processes the organic matter
causing pollution is consumed by biological organisms requiring oxygen in proportion to the amount of organic matter removed. It is necessary in designing aerobic
processes to ensure that the supply of dissolved oxygen is adequate for the loading
of organic pollution. In aerobic stabilization ponds oxygen is provided by a growth
of algae which depend on photosynthesis.
If insufficient oxygen is generated to
supply the pollution-consuming
organisms, they wi!l not function, and anaerobic
organisms will become active and in these circumstances cause offensive odours
and polluted effluents to be produced.
The organic pollution of wastes can be measured in a number of ways but for
the design of aerobic treatment plants the most useful method is a direct measurement of the amount of oxygen consumed by organisms removing the organic
Fie 31.
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matter in the waste in a period of 5 days at 20° C, though the value reached after
3 days at 27O C is more valid in the tropics and usually gives about the same value.
This is known as the “biological oxygen demand” or “biochemical oxygen demand”
(BOD). BOD may be measured in terms of concentration
(mg/litre) in liquid wastes
or in quantity (g) in terms of daily demand from a source of waste. Though the test
is not difficult to make, it is necessary for a trained laboratory worker to carry it out.
In the absence of such facilities a useful estimate of the biological oxygen
demand (BOD) may be made in the following way. Estimates have been made of
the BOD value of the excreted wastes of people in different parts of the world.
Values vary from 55 g BOD/day in Europe to 36 g BOD/day in parts of India.
To this ;value some allowance must be added for cleansing materials and any other
likely additions to the wastes. An acceptable average figure for mixed communities
in the tropics would fall between 50 and 60 g BOD per person per day. The strength
of the waste, assuming that no industrial pollution is included, may be calculated
using the quantity excreted and the volume of water discharged. Thus if the volume
of water discharged is 100 litres per person, the concentration
of BOD is 500 to
600 mg/litre, or greater or smaller in proportion to the volume of water discharged.
This concentration
must be reduced to the order of 20 mg/litre before the liquid
may be discharged into a watercourse in normal conditions (see chapter 6 for more
detail on effluent discharge). Primary treatment in sedimentation tanks may remove
about half the BOD, leaving 250-300 mg/litre for treatment. Primary treatment in
septio tanks, aqua privies or anaerobic stabilization ponds may remove 70 per cent,
leaving 150 to 180 mgr’litre at the same rate of water usage. Aqua privies commonly use much less than 100 litres of water per person per day so that stronger
pro-rata concentrations must be expected.
When an estimate of the BOD load is finally made, the loading rate on the aerobic stabilization pond can be calculated. As the oxygen supply of the aerobic pond
depends largely on algae and sunlight, the working depth of the pond is restricted
to 1 m and the loading rate measured in terms of kg BOD per unit area. The amount
of sunlight energy that is available per unit area can be measured but it has been
found that a close correlation exists between available solar energy and geographical
latitude, thus a table of approximate loading rates to produce 80 per cent reduction
of BOD can be derived as follows:Latitude
ON or OS of Equator

BOO load
kg/day/100 rr?

36
32
28
24
20
16
12
8 or less

1.5
1.75
2.0
2.25
2.5
2.75
3.0
3.25
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Thus a community of 500 people each with an average water consumption of 100
litres/day per person will discharge 50 000 litres of waste per day containing 25 to
30 kg BOD at a concentration
of 500-600 mg/litre. Primary treatment with a
48-h retention anaerobic lagoon of 100,000 litre capacity will reduce the BOD
concentration
to 150 to 180 mg/litre and the total amount of BOD to 12% to
15 kg per day. The area of aerobic stabilization
pond required to reduce this to
30-36 mg/litre BOD at a latitude of say lO*N will be approximately 400 to 480 m*.
Aerobic pond systems should always be designed to have at least two ponds in
series in order to encourage the separate functions of biological growth, and the
physical separation of the treated effluent from the incoming waste. The design
of pond systems must also take into consideration
the strength of the incoming
sewage.
Raw sewage, with less than 250 mg/l BOD can be treated directly in an aerobic
pond at the loading rate given for the latitude. A secondary pond with a retention
time of about five days should be connected in series.
Where lower water consumption or higher waste discharge produces stronger
sewage there is a possibility of local overloading of the primary pond at the loading
rates given. Two alternative procedures may be adopted to eliminate this.
Primary treatment by settlement or in an anaerobic pond as in the example
given is the best merhod. The effluent from primary treatment can then be admitted to the primary aerobic pond at the loading rate given for the latitude. This
method should always be used with sewage at more than 1000 mg/l BOD. Strong
sewage may produce effluents too strong to discharge without additional treatment.
In such cases the loading rate on the secondary pond should be calculated from
the table and a third pond added with five days retention.
Sewage with BOD in the range 250 to 1000 mg/l can be treated in aerobic
ponds without primary treatment if the loading rate is reduced by increasing the
area of the first aerobic pond. Areas up to f&y per cent greater than the specified
areas may be used but where raw sewage has much in excess of 500 mg/l BOD
primary treatment becomes progressively more valuable.
Maintenance in large pond systems can usually be made easier by dividing the
total flow between two or more series of ponds operating in parallel.
Single pond systems are likely to form offensive scum on the surface. Aerobic ponds produce profuse growths of algae which should be removed if they clump
on the surface and stop sunlight entering the ponds. This may be carried out at
suitable intervals by towing a floating scum board down the length of the pond,
which should be made long and narrow to facilitate this, and to prevent hydraulic
short-circuiting.
The effluent from an oxidation pond system wjll have some green
algae present, a BOD value of 50 mg/litre or less and a complete absence of unpleasant smeii. Offensive smeiling or blackened effiuents indicate overloading,
requiring extensions to be made to the pond area.
Aerobic ponds should be at least half-filled with water before commissioning
to prevent offensive conditions occurring. Many aerobic ponds have been constructed to treat raw sewage. Raw sewage solids float on the surface of these ponds
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and may also pass out in the effluent. Even if such ponds are not overloaded offensive odours often develop. When aerobic ponds are used, some primary treatment, either in settling tanks or anaerobic ponds is extremely useful as it may remove from 50 to 75 per cent of the polluting matter, enabling aerobic ponds to be
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advantages of aerobic ponds are -

a. Cheapness of construction,
existing hollows can sometimes be used with slight
modifications.
b. Ease of maintenance, little more than gross weed remova!, scum removal and
bank maintenance is usually required.
c. No power supply is necessary.
d. No mechanical equipment is necessary.
e. The long retention periods in aerobic ponds gives good protection from occasional overloading, and removal of pathogens is exceptionally
high, often
exceeding 9! 5 per cent.
f. BOO t loadin lg rates lower than those specified can produce better quality effluents, up to 97 per cent removal can be achieved in multiple pond systems.
g. The algae produced in aerobic ponds can be used as a valuable source of food
by many types of fish such as Tilapia, which can be deliberately farmed in final
ponds.
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Percolating filters (Fig. 32)
Percolating filters are an alternative to aerobic ponds which take up less space
though they cost more to construct. In principle the organic pollutron in wastes
treated on percolating filters is consumed by organisms growing in a thin film on
the entire surface of the rock or gravel medium filling the filters. The oxygen they
require is obtained by direct diffusion from the air into the thin biological film by
the natural ventilation of the filter. The oxygen diffusion capacity of percolating
filters is limited by the quantity and specific surface area of the medium provided
so that the loading rate on percolating filters is measured in terms of g BOO per
m3 of medium. To remove 90 per cent or more of the BOD the loading rate
should not exceed 199 g BOD/m3 daily. The medium used should be gravel or a
durable broken rock graded to 5 to 8 cm grade and free from fine material or dust
which may cause blockages. The depth of medium should be not less than 1.2 m,
preferably up to 2.0 m, preferably up to 2.0 m. Under the medium there should
be an adequate system of under-drains to enable effluent to leave and air to enter.
Sewage, after settlement, is dosed on the surface of the filters by a mechanical
distributor.
It is essential that this part of the process is properly carried out; if
parts ot the filter are not dosed with sewage they cannot contribute any treatment,
similarly if the flow is not sufficient to maintain adequate wetting, and the interval
of dosing is markedly greater than 15 minutes during periods of normal daytime
flow, the organisms will not function efficiently.
For these reasons percolating
filters are not suitable for the treatment of very strong wastes without some special
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Fig. 32.

PERCOLATING FILTERS
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edification,
such as recirculation of the effluent, or the use of a high-rate preninary filter in a tvuo-stage plant. Efficient distributors
can be improvised for
nail filters but for larger installation
it is preferable to install manufactured
stributors. These usually have rotating arms powered by the sewage flow.
Percolating filters may operate on a fill-and-draw
principle operated entirely
1 siphon action which enables the medium to be flooded and drained at intervals
not greater than 12 hours. The medium used is 1 cm grade or smaller in beds
rt more than 60 cm deep. Hydraulic loading rates of settled sewage or septic
nk effluent may be 0.5 to 0.1 m3 per m* per day. Optimum rates of flooding

and draining are about once per hour. It is very important that filters of this type
are not dosed with sewage containing gross suspended matter.
Much of the action of a percolating filter, in removing organic pollution from
the sewage, results in the formation of surplus bacterial film which is washed out
in the effluent, and must be removed in a final sedimentation tank before effluent
is discharged. The design of the final sedimentation
tank or humus tank can be
the same as that of the primary sedimentation tank but no screens are necessary.
Fly larvae perform important functions in percolating filters. Adult flies rarely
stray more than a few metres from percolating filters. In some parts of the tropics
lizards are able to inhabit the surface of filters and emerging flies are almost eliminated. In other regions fly populations have been observed sufficiently dense and
able to fly far enough to create a local nuisance although their maximum range is
seldom more than two or three hundred metres. If filters are sited downwards of
the prevailing wind and at a reasonable distance from habitations any potential
fly nuisance can be avoided.
Trade waste disposal
Many trade waste waters are being produced in parts of the tropics where no
proper disposal facilities exist. Many, such as coffee waste, cotton processing
waste, tannery waste, sisal waste, slaughterhouse waste, are of a highly polluting
character, and should not be discharged untreated to waters likely to be used as
sources of domestic supply unless the dilution is extremely high and there is an
adequate delay period before water is abstracted. Most of these wastes can be
treated by similar processes to those used for domestic wastes provided care is
taken to control pH value within the range 6.0 to 8.5, to exclude toxic substances
and ensure that an adequate supply of nutrients is present. The latter requirement
may often be satisfied by treating trade waste liquors mixed with domestic sewage.
Sedimentation
and chemical flocculation
may be used and most biological treatment processes may be used if the BOD loading is suitably adjusted. Expert advice
should be consulted if trade wastes are to be treated.
A simple method of tasting sewage effluents
The proper tests for sewage effluents should be carried out in a well equipped
laboratory but the following simple test will indicate whether a process is giving
adequate treatment.
A sample of the effluent is transferred to a small bottle which must be completely filled with as little aeration as possible, then stoppered and put in a dark
place at a temperature of 27OC. Ambient temperatures in the tropics are sufficiently
high not to seriously influence the test. The incubated sample should be smelled
from time tc time. Initially there should be no characteristic smell of hydrogen
sulphide, H,S (like bad eggs). If the effluent contains polluting matter this will
gradually be consumed by bacteria which will use up the dissolved oxygen in the
liquid. After the dissolved oxygen is completely consumed the bacteria will break
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down dLsolved nitrates, and when that source of oxygen is exhausted they will
break down sulphates liberating hydrogen sulphide which can be detected by smell.
If this last stage is reached in less than three days the effluent is said to be unstable
and requires further purification.
The test may be made more sensitive by adding a
blue dye (methylene blue) to the effluent, using a concentrated stock solution to
make a concentration
of 1.33 mg/l in the sample. The consumption
of oxygen
affects the colour of the dye so that if no blue remains after three days the effluent
is said to be unstable and requires further purification.
This test cannot be used
directly on anaerobic effluents.
All sewage treatment processes need time to mature so that tests carried out in
the first two or three months after commissioning a treatment process should be
interpreted accordingly.
All methods of sewage disposal which do not remove the pollution from the
community must be sited with great care to prevent a direct health hazard and to
prevent any danger of pollution of the water source or the supply to some nearby
community. These two points cannot be too strongly stressed and must be carefully
examined by an advisor setting up a water supply and disposal system.
Selecting sawage treatment

systems to suit local conditions

Observations of local conditions coupled with a reasonable estimate of future
development will indicate the extent to which communities can be served by pipelines. A single collection point can make use of larger scale treatment plant but
very scattered communities may be best served by being connected in groups to
a number of small treatment plants. If the density of population increases small
treatment plants of a simple nature can be closed and groups connected together
making maximum use of the small feeder sewers. When a treatment site has been
chosen at a reasonable distance from housing and water sources the next step is
to estimate the probable pollution
load. If partial measurement is possible the
results can be extrapolated to include the whole population.
If no measurements
are possible the method given in the section on aerobic stabilization ponds may be
used. The BOD contribution
suggested for each person is a deliberately high figure
where no actual analytical measurements are made. This provides a safety factor
with allows for bulky cleansing materials, and unexpected or temporary increases in
population.
Most sewage treatment plant operate well if underloaded to some extent . Overloading has more serious consequences particularly to some aerobic procasses. If 600 measurements are made and individual contributions
calculated to
be much less than 30 gm per adult per day it is possible that not all wastes are being
collected in the sewerage system. lrreguladties should be investigated to ensure that
they do not constitute a danger to health. Any trade waste which may be intermittent and sometimes on a very small scale such as brewing or tanning, should be
separately estimated and due allowance made in the total volume and strength of
sewage to be treated.
It is then necessary to decide the quality of effluent that can be discharged.
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Small volumes of effluent discharged to large perennial rivers in areas where watei
abstraction points are not affected, do not always need a high degree of purification.
The simplest systems for partial treatment are primary sedimentation
tanks or
lagoons, and anaerobic ponds or septic tanks. These are able to remove from 50 to
75 per cent of polluting matter and even more suspended matter.
If secondary treatment is necessary, the first choice in tropical areas could be
aerobic pond systems. If site conditions such as insufficient
available area, steep
sloping sites or unstable or very permeable soil are unfavourable to the choice of
aerobic pond systems the most suitable alternative is some form of percolating filter
making use of local rock. Costs of percolating filters and mechanical distributors
should be compared with the extra costs of land required for aerobic ponds and
extra costs of sewerage that may be required in order to utilize an alternatrve
site.
Where any form of secondary treatment is used the plant should be made large
enough to treat the expected volume and strength of sewage, and provision should
be made to deal with storm water that may be included in the flow, and an increased load that may be expected as local development expands. Secondary processes that are not overloaded can be operated to produce final effluent fit for discharge tommost rivers if water abstraction does not take place too close to the point
of discharge. Effluents can also be used for crop irrigation, but for most edible
crops high quality effluents may be required. Tertiary treatment by grass plots or
lagoons fulfills most of the requirements but chlorination
is sometimes specified and
may be installed using equipment similar to that described for the chlorination
of
water supplies. The chlorine demand of sewage effluents can be very much higher
than that found in most raw waters and it is lowest in effluents that have been
given most treatment. Well operated primary, secondary and tertiary treatment
systems are still advisable even when chlorination
is used in irrigation schemes.

:

Chapter Six

Final Water and Sludge Disposal
After waste waters have been treated their final disposal must be considered.
Direct discharge to a watercourse may be possible if the dilution is adequate, 9
times or more for good quality effluents, or if the watercourse is not used as a
source of drinking water supply, less dilution can be employed. Very small discharges can be safely disposed of in soakaways. Discharges of larger volume, if not of
adequate quality after secondary treatment, may need tertiary treatment if the
dilution capacity of the receiving water is too low. The sludges produced in sewage
treatment processes must also be disposed of with proper care.
Soakaways (Fig. 33)
These may be in the form of pits or loose-jointed subsurface drains, and if of
adequate size and sited at a safe distance from water sources are a useful method
of disposal for the discharges of many types of aqua privy or septic tank installation.
They should be constructed in permeable soils only and no single pit or drain
should deal with more than 5000 litres of e”‘**--*
. . .-r,lC per day. A simple test for permeability can be made by digging a pit approximately
1 m diameter and 2 m deep.
The pit should be filled with clean water. All water should seep away within 24
hours in suitable soil. The volume of the pits should be not less than the daily discharge. Pits may be lined with broken rock, open-jointed brick or concrete blocks.
Between the lining and the soil surface a layer of broken rock 15 cm thick should
be packed. The wall from ground level to the level of the inlet pipe should be sealed
with cement, and a strong cover provided. An alternative method of construction
dispenses with the lining below the level of the inlet pipe; instead the whole pit is
filled with broken rock about 10 cm grade or larger. The inlet pipe should be installed to discharge in the centre of the pit.
Drainage trenches may be constructed in permeable soil by digging trenches 1 m
deep and 0.5 m wide with a gradient of 1 in 30. Crushed rock or gravel 5 to 10 cm
grade is placed in the trench to a depth of 0.5 m, a few cm of gravel about 2 to 3
cm is placed on top of the coarse material, then soil can be replaced if care is
taken not to allow the soil to clog the gravel. A strip of plastic film laid above the
gravel before the soil is returned reduces the likelihood of clogging. The length of
trench required is about 1.0 to 1.5 m per person depending upon the permeability
of the soil.

Fig. 33.
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The aim of sewage-treatment processes is to produce an effluent suitable for discharge into receiving water. If the maximum tolerable additional pollution load in
the receiving water is considered to be a BOD of 2 mg/litre at the point of discharge
then the effluent should have a BOD not exceeding 20 mg/litre if the minimum
dilution factor is 1 volume to 9 volumes of receiving water. This standard of effluent quality is often relaxed in the tropics where rivers can be extremely large,
enabling very high dilutions to be made, or where ,discharges can be made to swamps
or other receiving waters;, not likely to be used immediately as a drinking water supply, and where effluents may be retained for long periods.
If the secondary treatment processes such as stabilization
ponds, percolating
filters or activated sludge plants do not meet with required quality of effluent this
may be caused by incorrect design, incorrect operation or overloading. It may not
be possible to alter the fundamental design of a sewage-treatment plant without
building extensions. Incorrect operation can be put right if a critical examination
of the works is made and training and advice supplied where necessary. Overloading
may require extensions to be made to the plant. If the quality of the effluent is,
however, not grossly lower than that required for safe discharge a tertiary treatment
stage may be added to the process. The main purpose of most tertiary treatment
processes is the reduction of the concentration
of suspended matter in the effluents
with a consequent reduction in BOD value and also often a considerable reduction
in the numbers of bacteria discharged. Three methods of tertiary treatment are appropriate to rural areas in the tropics. They are compared in the following table.
Per cent reduction

Area loading
rate
(m3/m2 d)
Lagoons
Banks’ clarifiers
Grass plots

Lagoons for tertiary

treatment

0.5
24.0
0.85

ss

BOO

40
50
70

40
30
50

of
E. coli
70
25
90

of effluents

Tertiary treatment lagoons are simple to construct if sufficient land is available.
Their action is similar to that of a sedimentation
tank of very large capacity. In
tropical conditions algae may flourish in shallow lagoons in depths up to 1 m, so
that a minimum depth of about 2 m should be available at least in the region of
the point of discharge. If aerobic stabilization pond effluent is being treated it may
contain high concentrations
of motile algae so that particular attention should be
paid to avoiding short-circuiting
of flow and to maintaining adequate depth of
liquid (over 2 m) throughout
the lagoon to discourage further algae growth. The
discharge from lagoons should be taken from the middle level between bottom and
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surface. Suspended matter accumulates in lagoons but if depths are adequate it
seldom proves offensive. Mosquito breeding is a risk in lagoons but routine oil or
insecticide treatment and maintenance of the banks can control this problem. It
is often possible to establish fish in tertiary treatment lagoons, which serve as a
useful indication of effluent quality and may also provide a measure of mosquito
larvae control. A suitable loading rate on lagoons is about 0.5 m3/m2 daily.
Banks’ clarifiers
The Banks’ clarifier is the most compact tertiary treatment process recommended though the quality of effluent is still markedly improved. The Banks’ clarifier
is essentially an upward-flow
filter containing a bed of gravel, 1 to 1% cm grade,
about 15 cm thick, supported on a perforated base which can be suspended in the
top of a sedimentation tank in the manner shown in Fig. 34. Alternatively
it may
be built as a separate structure like an upward-flow sand filter with a layer of clarified effluent not less than 30 cm deep above the gravel layer. Solids accumulate
within, and on the upper surface of the gravel layer. When the upper surface is seen to
be uniformly
covered, or when the suspended-solids concentration
in the final
effluent substantially rises, the bed should be cleaned. This may be accomplished
by lowering the liquid level in the humus tank, as would occur when sludge is being
removed. If more vigorous cleaning proves to be necessary, a jet of final effluent
from a hose during the level-lowering operation should suffice; raking the gravel is
seldom ne&essary though may be needed to clean a neglected filter. A suitable loading rate on Banks’ clarifier Is about 24 m3/m2 daily.
Grass plots (Fig. 351
Grass plots are possibly the simplest effluent tertiary treatment device to construct, and it can be seen from the table that correctly loaded they will accomplish
the highest rate of removal of BOO, suspended solids and E. coli, common intestinal
bacteria. Plots should be reasonably even and sloped towards the collection channels
at a gradient of about 1 in 50. The operation of grass plots depends on the horitontal flow of effluent passing through the mesh of the grass blades which filter out
solids and provide a well aerated environment.
In tropical conditions evaporation
may at times be sufficient to prevent any final effluent remainiirg for discharge.
Some effluent will percolate into porous ground so that the possibility of contaminating ground water, though small, should be considered. No special seeding needs to
be done, coarse natural grass is satisfactory. During the operation of the plot grass
will grow rapidly and solids will accumulate so that it is necessar.y to divide the plot
into a series of areas which can be disconnected in turn and allowed to dry. The surplus grass can then be removed. Cuttings should not be allowed to remain on the
area owing to the danger of further pollution as they decompose. Solids need not
be removed until they physically impede flow, which may not be necessary for a
number of years. A suitable loading rate on grass plots is about 0.85 m3/m2 daily.

Fig. 34.
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Fig. 35.

GRASS PLOTS FOR FINAL EFFLUENT TREATMENT

Slope about 1 in 50

aerobic sludge digestionThe processes of sewage purificatinn produce quantities of sludge which must be
roved at regular intervals from settling tanks and humus tanks and less frequently
m septic tanks, aquaprivies and anaerobic lagoons. Much of this sludge may be
zd without further treatment but it is desirable that sludge from primary settling
ks should be subjected to a period of further treatment to reduce the risks of
rase transmission and to render the sludge less offensive.
A useful process for this purpose is anaerobic digestion in which many of the
ctions of the anerobic stabilization
pond occur but on a more intensive scale.
! main objectives of anaerobic digestion are the reduction of the quantity of

sludge for final disposal and the reduction of pathogenic organisms and offensive
smells. The anaerobic decomposition of organic matter also liberates carbon dioxide
and methane gas which 1=an be collected from suitably designed digesters and used
as a fuel gas. The final digested sludge has almost no smell, can be easily dried or
applied to agricultural land as a source of humus with some associated fertilizer
value. The fertilizer value of digested sludge is not high and may not be consistent.
Sludge derived from the treatment of a mixture of domestic waste and certain
industrial wastes may contain metallic salts in concentrations
harmful both to the
digestion process and subsequently to crops, but this situation is extremely unlikely in rural areas.
Anaerobic digestion is most efficient at about 30-35’C but at temperatures
below about 10°C reactions are very slow. Average ambient temperatures in most
tropical regions are high enough to enable digesters to function well without extra
heating. On a small community scale where sludge production
and potential gas
consumption are too small to justify the extra expense and care needed to ensure a
reliable gas supply, simple batch type digester pits are convenient and easy to
manage. Watertight pits not less than 2 metres deep and preferably up to 4 metres
deep can be equipped with a loading pipe to enable liquid sludge to be admitted to
the bottom throughout the charging period. A layer of dried grass or soil scattered
on the surface to encourage the rapid formation of a dry crust will seal the contents
to maintain anaerobic conditions and reduce any offensive smells that may develop
in the early stages of digestion. The necessary storage capacity can be calculated
assuming a total output of primary and secondary sludge equivalent to about 1 to 2
litres per person per day. The time required for digestion varies mainly with ambient temperature but minimum retention period allowed should be from 3 months
at 25OC or over, to 12 months at 15°C. After the pit is filled the loading pipe can
be removed and the surface of the sludge capped with more soil and securely fenced
to prevent accidents. A second digester can be filled while the first is digesting
though it is usually more convenient to operate a group of 3 or 4 pits. At the end
of the digestion period the bulk of the sludge can be removed and spread on land
or dried for further storage, leaving a few cm of digested sludge in the pit to seed
the next charge.
If it is considered desirable to use anaerobic digestion as a source of methane gas,
sewage sludges can be treated in combination with animal wastes, many types of
vegetable waste and garbage. The total output of digestible waste from an average
family is not sufficient to generate enough gas to maintain a domestic supply, and
if this is required supplementary wastes must be incorporated. On large installations
the sludge produced by a community
such as a residential school might produce
enough gas to heat water or to perform some other simple central function.
Digester gas is usually about 65 per cent methane and 30 per cent carbon
dioxide plus traces of other gases. If the digesting wastes contain significant concentration of sulphates some H2S may be formed. As a fuel, digester gas is equivalent
to rather more than its own volume of coal gas but about 1500 to 2000 litres are
required to do the same duty as 1 litre of paraffin, petrol or diesel oil. Storage of
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gas on a large scale is therefore an important requirement and since the gas is highly
inflammable and able to form explosive mixtures with air, the safety of gas generation and storage is of great importance and should be under the direct supervision
of a responsible and trained attendant.
The minimum worthwhile size of a gas generating digester is about 4 m3 capacity
with a gas holder of not less than 2 m3 capacity though much larger sizes are more
usual. The gas production from a continuously
fed digester with a mean retention
time of 90 days at 20-25’C is about 0.5 m3 per day per m3’of digester capacity.
Temperatures up to 35*C enable the rate of gas production to be increased by a
factor up to about 6 times, and retention times at higher temperatures can be made
shorter but much depends on the type of organic matter used.
To start a digester functioning,
a seed of septic tank sludge or mature anaerobic
lagoon sludge should be mixed with diluted primary or humus sludge. After a
period of 2 or 3 weeks the maintainance of the digester lies mainly in regulating the
input of sludge, the discharge of final sludge where necessary, and attention to safety
precautions. The pH value in the digester should be tested from time to time, the
desired range is from 6.8 to 7.5. If the pH value rises above 7.5, usually when fresh
sludge is added, the carbon dioxide formed will gradually correct this. If the pH
value falls below 6.8 this should be corrected by adding a small quantity of lime to
c
Fig. 36 ANAEROBIC
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and gas production.

raise the pH and maintain healthy biological activity. If the retention time allowed
is adequate for the prevailing temperature the final sludge has little smell and very
few surviving pathogenic organisms. The organic carbon concentration
is reduced
but the nitrogen in the sludge remains, mainly in the form of ammonia. This increases the value of sludge applied directly to land where it should be allowed to remain undisturbed for a period of about a week before cattle or other stock are admitted. The liquid in the digested sludge is still very polluting in character and
should not be allowed to drain directly to a watercourse without further treatment.
The two main types of digesters are shown in fig. 36 though many variations
are possible. Continuous digesters can be fitted with heaters to maintain digester
temperatures and mixing devices to improve efficiency and reduce the likelihood
of scum formation. If gas collection is not considered necessary, digesters may be
operated in the tropics with retention times as low as 30 days. To simplify operation
at short retention times the raw sludge should be thin enough to be considered a
liquid. Most primary settlement and humus tank sludges are suitable if tanks are
regularly desludged and no consolidation is allowed to take place. Septic tank and
aqua privy sludges are often consolidated and too thick for simple digestion. Dilution with sewage to a reasonably Piquid state is usually sufficient. Most animal
wastes also require dilution in the same way.
Although it is possible to couple latrines directly to anaerobic digesters, the cost
of such a system is higher than that for most other latrine systems and the output
of gas is not usually very high.
If used for lighting and cooking only, the average family requires about 200
litres or more of gas per day. Water heating and room heating consume very much
more gas. The potential daily gas production assuming that all excreta are collected
and treated is as follows.
litresida y
Adult humans
Pigs
cows
Sheep/goats
Chickens

15-25
50-l 00
300-600
2040
24

Anaerobic digestion for gas production should be considered as a process most
suitable for operation by a responsible attendant on the largest scale possible either
at a sewage works or possibly a farm where large amounts of animal excreta are
regularly available. Anaerobic digestion is of great value in reducing potential health
risks in most kinds of sewage sludge and makes the potential fertilizer value more
readily and more safely available for farm use. The collection and utilization cf the
gas is essentially a large scale operation with a need for great emphasis on safety. If
the standard of technology available is not high enough to ensure safety in the operation of the gas supply it is better to use digesters for sludge treatment only and
allow gas to be wasted to the atmosphere.
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Cornposting

(Fig. 37)

Sewage sludge may be safely disposed of together with domestic refuse and
animal and vegetable waste by composting, which is a process very suitable to rural
areas where the supply of compost is of positive value. It is possible to couple the
latrine directly to the composting process but the periodic attention which must be
paid to cornposting and the increased risk of fly breeding detracts from the convenience of the latrine. Composting is most usefully organized on a centralized basis
utilizing sludge from sewage treatment, night soil, and domestic refuse which can
be collected on a scale of about 1 m3 per day for every 50 persons served. Grass
cuttings and other agricultural wastes may a!so be used.
Composting may be carried out in pits which confine the raw material safely but
require more capital outlay and more manual labour than composting carried out in
stacks, which are cheaper and more flexible with regard to capacity. Stacks may be
built on areas of fairly level ground with sufficient slope to enable surface run-off
to be collected in ditches and soakaways. A minimum effective size of stack is
about 2 m wide at the base and any convenient length. It can be started by placing
a 15 cm layer uf coarse vegetable refuse on the ground and adding a 15 cm layer of
domestic refuse free from glass, tins and plastic waste on top, and a depression formed in the middle to allow about 5 cm of sludge to be added. Sufficient space
should be left at the sides to retain all sludge in the stack. The sludge should then
be covered immediately with about 20 to 30 cm of refuse which may be mixed
with waste vegetable matter or straw. Alternate layers of sludge and refuse can be
added to a maximum height of about 1% m in progressively smaller layers to allow
sloping sides to be formed on which no sludge should be visible.
Composting is an aerobic process for which some moisture is necessary so that
periodic turning is needed, and it may also become necessary to water the partially
composted material in prolonged periods of dry weather to maintain about 60%
moisture content. Sewage effluent can be conveniently used for this purpose. After
about a week the compost is turned manually or by machin so that the top layers
of the original heap become the bottom layers of the new ‘cap. If the volume is
substantially reduced a fresh layer of sludge topped with domestic refuse or vegetable matter may be added and water added if necessary. The whole stack should
be turned a second time in about another week; by this time there should be little
visible evidence of the raw sludge. If no sludge was added at the first turn it is unlikely that a third turn will be needed. The stack should be allowed to stand for
about a further 2 to 6 weeks during which little more than watering will be necessary. The turning process tends to eliminate fly breeding so that if excessive fly
breeding occurs a further turn may be necessary,.
0°C are generated in
During the process of composting temperatures of 55”
ctively destroy most
the centre of the stack, which in the period of composting
of the pathogenic bacteria, parasites, eggs and fly larvae
ich may be present.
Some experiment is advisable to find the most suitable
portions of domestic,
refuse and grass cuttings to be added, and also to maintain the most suitable
moisture content in relation to prevailing weather conditions. The final product
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Fig. 37.
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layersof waste
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of a wall-run compost heap should be dark in colour, friable, contain very little
visible uncomposted material, ana be free from offensrve odours and from almost
all pathogenic organisms. The manurial value of compost depends very much on the
nature of the raw material, but is always sufficient to be of value in small-scale
gardening or farming operations.
Final sludge dewatering

The most suitable method of dewatering sludge in the tropics is by exposure on
open drying beds. These may be areas of land graded to about 1 in 200 enclosed by
low walls. The floors of large drying beds should be equipped with a drainage system and covered to a depth of about 20 cm with gravel or broken rock graded from
4 cm at the bottom to about 2.8 cm at the top, then finally covered with a level
layer of 5 cm of 1X-3 mm coarse sand. Sludge is admitted to the drying bed in
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(Fig. 38)
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layers not more than 20 cm deep. After 24 hours the sludge will have separated
to form a thickened lower layer and an upper layer of relatively clear liquid which
may be decanted over a suitable weir which may be constructed from wooden
slats. The supernatant liquid is usually heavily polluted and should not be discharged to receiving water; it may be discharged to soak pits or returned to the
treatment process.
In most tropical conditions the remaining layer of sludge will dry to a spadeable
consistency in a week or less, when it can be removed and stacked for a period,
which encourages further biological action, before application
to agricultural
land. If heavy rains prevent drying, sludge may be stored in open tanks to undergo
further anaerobic decomposition
before eventual transfer to the drying beds. In
temperate climates the usual allocation of drying beds is on a scale of about 1 m*
for every 2 persons. The more rapid rate of drying in the tropics will allow higher
loadings up to 1 m* for every 10 persons. Single drying beds do not allow sufficient
intermittent
operation to permit removal of dried sludge; not less than three and
preferably more than four drying beds are more convenient to manage. Drying beds
may be built in a variety of sizes, and in small installations the provision of piped
underdrains is not absolutely necessary.
Owing to the high risk of parasites such as hookworm surviving in raw sewage
sludge in tropical areas, the direct application of raw sludge to drying beds is inadvisable. Raw sludge should receive some preliminary treatment such as digestion
before application to drying beds.
Liquid digested sludge has a worthwhile
fertilizer value but should be applied
to land with some care. Quantities produced are likely to be about 1% lit& per
person per day. If digested sludge is applied directly to agricultural land care should
be taken to avoid heavy accumulation of sludge in one place. In general a second
application
should not be made until the first application has dried and shows
some sign of absorption.

..
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Chapter

Seven

Temporary and Emergency
Treatment

,

All emergency treatment may be considered as temporary, though temporary
treatment need not be treated as an emergency. The scale of temporary treatment
systems may range from the scale appropriate to moving camps of the smallest
size to the size of large military units. Emergency treatment systems may also
vary in scale but situations periodically
occur in the tropics where emergency
treatment must be organised for many hundreds of thousands of people in desperate circumstances.
The smallest scale will be considered first- As much good quality water should
be carried as may be appropriate for short journeys. For longer journeys where
water supplies must be picked upen route the only likely sources are surface sources.
Care should be exercised to avoid as far as possible obvious pollution from animal
and human sources. Cloudy or muddy water should be strained through one or
more layers of clean cotton cloth such as that commonly marketed as amerikani.
Sterilization
can then be carried out by boiling for about 20 minutes. Chlorine
tablets can be obtained and used according to the maker’s directions. As a result of
this treatment safe water can be produced. If the taste is objectionable the inclusion
of a few pieces of charcoal when boiling may improve this. k
Emergencies occur at times in the most well organized safaris. Mechanised transport can break-down in dry country. The main problem then becomes one of finding a source of water. In extreme circumstances drinkable water can be found in
many plants, and in addition the blood and body fluids of animals and birds can be
used. At the last resort it is a mistake to hoard water, as dehydration of the body
goes on the whole time and unless the body’s water losses are made up, exhaustion
quickly sets in. The rate of body dehydration
at a range of temperatures can be
seen from the table on page 82.
Sanitation in the smallest temporary camps needs to be no more than shallow
pit latrines which may be equipped with any sort of toilet and shelter which may be
appropriate. Proper care should be taken, however, by correct siting, to avoid polluting water sources at all times.
Large temporary camps may adopt the same methods of treatment scaled up
accordingly. Chlorination
is a more suitable water sterilizing method than boiling
for large camps and may be carried out in portable canvas or plastic tanks in a batch
process, by a person made responsible for water supply, who should if possible
81
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Expected survival time in shade with limited water stock
Survival time days
Maximum
shade temp.

With no water
(days)

Total
1

111
20

per

person

OF

O~C

120
110
100
90
80
70

50
44
38
32
26
20

2
3
5
7
9
10

2
3
5.5
8
10
11

2
3.5
6
9
11
12

2.5
4.0
7
10.5
13
14

3
5
8.5
15
19
20.5

4.5
7
13.5
23
29
32

carry the equipment for measuring residual chlorine concentration.
On a large
scale, filtration through cloth may be greatly improved by dosing the raw water
with alum in a batch process. An average dose of about 60 mg/litre may be applied in the form of a strong solution. In soft acid waters, such as swamp waters,
a little lime may also be required. If an obvious flocculant precipitate has not
formed within 15 minutes of mixing the alum solution with the main body of water,
a larger dose should be tried. The flocculated water may then be allowed to settle
for from 4 to 6 hours and the clarified supernatant liquid can be siphoned or filtered into the chlorinating tank. Up to 90 per cent of the water will be available for
chlorination (Fig. 39).
On the largest scale, temporary and emergency treatment is required for the
large camps set up fc-r refugees from natural and other disasters. Many of the
problems that afflict such camps are a function of their size. The organizers of large
refugee camps can take many relevant leaves from books on military hygiene and
field engineering. In order to make organization possible, refugees should be grouped
in units of not more tharn 2000. Each group can have persons appointed and trained
to be responsible for food, water, sanitation and all the other domestic necessities
within its allocated area. Units of this nature can be grouped together in camps of
much larger size if necessary.
The selection of a suitable site can make the organization of public health matters easier. A sloping site with good surface drainage which can be improved by
trenching should be selected, not too close to the water source, so that surface
drainage can be diverted to the downstream side of the water abstraction site.
Close proximity
to towns should be avoided. Water can be abstracted from the
most suitable source and treated by flocculation,
sedimentation
and subsequent
chlorination.
Indiscriminate
use of untreated water should be prevented. Sanitation must be provided on a communal basis. For large-scale emergency facilities
black polythene film has many uses, as well as being light, cheap,. and easy to
transport by air. A form of aqua privy combined with an oxidation pond may be
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WATER TREATMENT

Fig. 39.

Wooden sides with uprights
at 1 m spa&g or less, lined
with plastic sheet.
Maximum water depth 1 m

FOR EMERGENCIES

Excavated pit lined with
plastic sheet: Corners made bv
folding. Stones or sacks of
earth on bottom and rim
maintain shape.

Length of plastic tube (lay flatj laid between earth banks to support upturned en&.

Cloth f iltw
Wooden frame supporting 2 or 3 layers of
cloth without joints or seams.
Removes suspended matter only.

Primary tank for storage
settlement and coagulation

Secondary tank for filtration
chlorination and storagecloth filters 1 in use 1 spare
I

pump
All tanks should be covered. Plastic sfwet will suffice.

doser

constructed by digging a lagoon and lining it with polythene
film reinforced with
polythene bags filled with soil after the fashion of sand bags (Fig. 40). A similar
method of building using a mixture of soil reinforced with about 6 per cent of
cement developed by P.R. Moody can be used for more permanent structures (The
introduction
of rainwater catchmen t tanks and micro-irrigation
to Botswana,
ITDG 1969). A polythene sheet 20ft by 1OOft can provide an emergency sewage
treatment plant for about 200 people or more. If larger sheets of polythene can
be obtained larger facilities can be built but the 200-person single facility has
certain advantages and can be multiplied to cope with the necessary population.
Treatment plants must be partially filled with water before use (surface water will
suffice) and after the plants are functioning the effluents can be combined to some
extent with the surface water drainage system, provided the drains are reasonably
protected.
The operation of such simple sanitation systems depends on diluting water being
added to the raw waste at the rate of about 20 to 25 litres per person per day, to
produce an initial concentration
of about 1500 mg/litre BOD in the anaerobic
compartment.
The volume of the anaerobic compartment
should be constructed
to provide a retention period of not less than 2 days to the total flow. This will
enable a clarified effluent containing about 500 mg/litre BOD to pass through the
transfer pipe to the primary aerobic zone. The BOD reduction achieved in the aerobic zones can be calculated from the loading rate per unit area, and the latitude.
Further aerobic ponds may be added to reduce the BOD to acceptable levels for
final discharge. Sludge accumulates rapidly in the anaerobic zone, and to ensure
continued functioning
surplus sludge must be periodically withdrawn, and stored
in plastic storage containers fitted with gas vents. After a period of 3 to 6 months
the sludge will be well digested and almost free from harmful organisms, and then
may be buried or discharged on land.
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Aerobic
Algal growth

-

Anaerobic
Bacterial count

-

a method of estimating
unit volume of water.

Bilhania
Bilhania

cercaria

-

Colloidal material

-

Correlation
Desludging

-

a disease caused by a very small free swimming
parasite.
the stage of the Bilharzia parasite when it is infective to man.
Infection is by penetration of the skin.
solid particles suspended in water, of such a small size that
they cannot be settled or filtered by simple means.
a mathematical relationship
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Effluent
Empirical
Faecal pollution

-
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Frictional heedloss
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d

Friebk
Gravity sawers
Humus

-

Hydraulic short-circuiting

-

action fog =+ich air or oxygen is essential.
growth of very small water plants which may help to reduce
pollution
in water but if they become too numerous cause
difficulties
in water treatment
such as clogging filters etc.
action which occurs out of contact with air or oxygen.
of bacteria

present per

the removal of accumulated sludge from settling tanks, aqua
privies, septic tanks, etc. If this is not carried out properly
the level of sludge will build up and seriously affect the
action of the apparatus and may cause serious nuisance.
any liquid discharge
by trial and error
dug in the soil
pollution
or impurity
caused by the excreta of animals and
humans, may be a source of disease organisms.
rock containing
many cracks which may behave as water
channels
processes in which chemicals are added to water to prsduce a precipitate
which combines with solid material suspended in the water and enables it to settle to the bottom
leaving a clear top layer
a loss of pressure in a pipe caused by friction between the
flow of liquid and the pipe itself. It is measured as the difference in head level required to overcome the headloss
dry and crumbly
sewers utilizing
natural drainage without
the use of pumps
stable organic matter found in soil and necessary for good
moisture retention etc.
takes place when the inlet and outlet
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the number

of a tank or pond are

Impervious
Latitude

-

Limestone

-

Methane gas

-

Pathogenic organisms
Peak demand

-

Permeable strata

-

Photosynthesis

-

Polythene

-

-

film

Precipitation

-

Pro rata

-

Quiescent
Retention

time

Revetement

-

Sand filtration

-

Sedimentation

heWemend

Sieve

Specific

-

-

surface area

-

close together and flow
allowing
a large volume
watertight

the angular distant= due north or south between any place
and the equator which is O”. The value can be found with
sufficient accuracy by consulting a map or atlas.
mineral consisting
mainly of calcium carbonate
(CaCO$.
It is not the same as lime, oxide of lime, quicklime
or roadlime which are all calcium oxide (CaO) or slaked lime which
is calcium hydroxide
(Ca(OHl2).
These other substances can
be used to correct acidity but they are more soluble in water
and needed to be dosed in the correct proportions.
an inflammable
gas produced by the anaerobic fermentation
of organic material such as sludge
organisms responsible for disease.
highest rate of consumption
measured at any time, in practice the peak demand may last for no more than a few
minutes. It may be found when all taps and other outlets
in a system are operating fully open at the same time.
layers of soil or other minerals through which water can
freely drain. Impermeable
strata such as clay will retain
water and prevent drainage
the behaviour of plants which liberate oxygen by day and
carbon dioxide after dark
thin sheet plastic material, preferably
black in colour. This
material is often used in coffee factories and may be known
as coffee sheeting. Thicker material, can be obtained and is
more durable
a change which enables dissolved substances to separate
from solutions as solid particles
in proportion
to the rate (of flow)
still or undisturbed
time that flowing water is retained in tanks, filters, etc. It
may be calculated from the volume of tank and the rate of
flow RT = volume of tank
-rate of flow
lining of wood, stone or any suitable material to prevent the
walls of pits or channels collapsing in soft soil
the process in which solid particles are removed from water
by the straining action of beds of sand
the process in which solid particles are allowed to fall to the
bottom of a body of water in a sedimentation
tank or settlement tank
a perforated screen usually of wire mesh. There is a British
Standard specification
for the sizes of the holes in the mesh
but as sizes are quoted in inches and mm, any suitable
wire mesh or perforated
metal sheet with the correct size
holes may be used.
of a percolating filter medium is the sum of the areas of each
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takes the shortest possible path
of the liquid to be undisturbed.

Sterilization

-

Stock solution

-

Superstructure

-

Toxic substanaw

-

-

piece of medium in a unit volume, there is some loss where
the pieces touch. The specific surface area must not be confused with the plan or cross sectional area of a filter. The
specific surface area of gravel of 5 to 8 cm grade is about
80 m2/m3, la rger size gravels have a smaller specific surface
and larger volumes may be required to provide the same net
specific surface area
any process for rendering
bacteria and other organisms
harmless
a chemical solution
of known strength which can be diluted for use
construction
above ground
i.e. the superstructure
of an
aqua privy is the shelter and toilet arrangements
substances
that are harmful
or poisonous
to biologic=,1
organisms (including
those responsible for treatment
processes)
muddy or cloudy appearances in water caused by masses
of small floating particles
the spaces between sand grains or gravel
a barrier in a stream or open water channel over which water
must flow. Weirs can be used to measure rates of flow.
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Further

Information

Further information
and advice on small-scale water treatment and sanitation
systems may be obtained by writing to the following organisations. There are many
others who may be able to help. The same organisations would be most interested
in receiving reports from those who have designed, built, or operated any of the
devices described, or any other simple systems.
Information
of this kind can be extremely useful in indicating the areas in which
research should be concentrated, and in revealing problems for which the solutions
are not yet readily available.
Intermediate Technology Development Group Ltd.
Parnell House, 25 Wilton Road, London SW1 U 1JS. England.
Water Research Centre, (For the attention
Elder Way, Stevenage, Herts. England.

of H. Mann)

The
Institute,
London
School of Hygiene
Keppel Street, Gower Street, London, WCl, England.
ROSS

and

Tropical

Medicine,

World Health Organisation,
Reference Centre for Community Water Supplies
13 Parkweg, The Hague. Netherlands.
Other ITDG Publications

,

on water and sanitation

1. The Introduction
of Rainwater Catchment Tanks and Micro
swana, P.R. Moody, 1969,75p net.
2. Bibliography
of Low Cost Water Technologies, G. Bateman,
3. A Manual on the Automatic Hydraulic Ram Pump, S.5. Watt,
4. Report on Low Cost Waterproof Membranes, 0. Maddox, E3.50

Irrigation

f 1.00 net 1974.
1975, f 1 .OO net.
net.

For full publications
list with details of prices pwr-ite to Intermediate
Publications, 9 King Street, London WC2E 8HN, U.K.
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