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EREEACE TO S5IXTH EDIEION

Tn1s, the sixth edition under the conjoint authorship ot a
work which had previously run through five editions, has been
carefully revised, and new matter has been introduced, where
necessary, to bring the work up to date since the last edition
was issued in 1913. A new chapter has been added on
Maternity and Child Welfare Work; the subjects of Personal
Hygiene, Camp Sanitation, and Communicable Discases have
been amplified; and a note on Marine Hygiene has been in-
serted. The authors desire to acknowledge their indebtedness
to Dr. T. Eustace Hill for several valuable suggestions.

| P e

H. R. K.
May, 1917.

PUBLISHERS' NOTE

TaeE rapidity with which the stock of the sixth edition of
this work has been exhausted has left the authors insufficient
time for the preparation of a new edition.

It was decided, therefore, to issue a reprint, with such slight
corrections and additions as could be made while reading the
proofs. The authors and publishers felt that, as so short a time
has elapsed since the sixth edition was carefully revised, this
course would meet the requirements of students and others, who
would otherwise be without the book for several months.
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HYGIENE AND PUBLIC HEALTH

CHAPTER 1
WATER

WATER is a prime necessity of life. Without it, terrestrial
animal and wvegetable life must cease to exist. The earliest
settlements in all countries were, therefore, made in the neigh-
bourhood of water. Towns and villages sprang up on the banks
of streams and rivers, on the shores of lakes and in the neigh-
bourhood of springs; or water was obtained from the soil around
these early settlements by shallow excavations or wells. In
modern times, sites for dwellings are not necessarily limited to
a small area around a natural source of water. Our engineering
knowledge enables us, on the one hand, to obtain water by means
of wells and borings from great depths beneath the surface of
the earth, and on the other, to convey water from a distance
by means of conduits to the places where it is required.

SOURCES OF WATER—COLLECTION AND STORAGE.

The natural sources of water are the rain and snow which
fall on the surface of the earth. When the rain has reached
the surface of the ground, it is disposed of in the following ways:
a portion (a) is evaporated; another portion (&) flows off in
the direction of the inclination of the surface; whilst a third
portion (¢) sinks into or percolates through the interstices of
the soil.

The amount of rain that evaporates depends upon the tem-
perature of the air. The higher the temperature, the greater
the evaporation. If the inclination of the surface is nil, or
only very slight, and the soil is of some depth and of a porous

nature, the larger portion sinks into the soil or percolates. 1f,
I
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however, the inclination of .tlm surface is great and the soil is
not porous, but more or less impermeable to water, the greater
portion of the unevaporated rain flows down the incline. It is
this portion which forms or helps to swell the brooks, streams,
and rivers, which are the natural drainage channels of the locality.
In very porous soils, such as pure sand or coarse gravel, the
rain so rapidly sinks into the interstices of the soil that the
evaporation, even in summer, is but slight. In nearly all other
soils, however, the amount of rain evaporated greatly exceeds
the percolation, even in winter,

The portion that percolates, after a certain deduction that
must be made for the moisture absorbed by the roots of vege-
tables and grasses growing on the surface, and which is subse-
quently evaporated from their leaves, helps to form and renew
the underground sources of water. These are made available
to man by natural outlets as springs, or by artificial tappings
in their subterranean depths through wells.

In its passage through the soil, the water absorbs carbonic
acid from the ground air, which is very much richer in this gas
than ordinary atmospheric air. This water holding carbonic
- acid gas in solution is capable of dissolving some of the mineral
constituents of the deposits through which it passes.

Rainfall.

The rain that falls on the roofs of houses can be collected and
made available as a means of water supply. To calculate the
amount of water supply per head from this source, we must
know the amount of roof space per individual (the slope of
the roof must not be taken into account, but merely the area;

| of horizontal surface covered by the roof), the average amount
- of vearly rainfall, and the average amount of evaporation of
the rainfall.

The amount of yearly rainfall varies considerably in different
~ parts of England. In the Eastern Counties the average is less than
| 25 inches per annum. Throughout the remainder of England
the average is from 30 to 40 inches per annum, with very much |
larger amounts in the mountainous and hilly districts of Devon-
shire, Wales, Cumberland, and Westmorland (60 to 2oo inches per
annum). The expression ““ an inch of rainfall” signifies that
one cubic inch of rain-water has fallen upon each square inch
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of horizontal surface. (For description of rain gauge see
Chapter VI.)

Rain is also sometimes collected from prepared surfaces of
ground, which, together with the storage reservoir or open tank,
should always be railed off to keep live stock away. The surface
of a certain area of land in an exposed situation is rendered
impermeable by a covering of slates, asphalt, or cement, and
sloped towards an outlet pipe or pipes leading to a tank or
reservoir. In estimating the amount of water that can be
obtained from such a surface calculations may be facilitated

1 by remembering that one inch of rain delivers 4-673 gallons on
" every square yard, or 22,617 gallons (101 tons) on each acre.

The amount of evaporation from the surfaces of roofs may be
taken as averaging throughout the year 20 per cent. of the
rainfall. There is more evaporation from tiled than from slated
roofs, and from roofs of low than of steep pitch. The evapora-
tion is greatest where the rainfall is least, and vice versa. If

\ the amount of roof space per head is 60 square feet, and the

| rainfall 30 inches in the year, deducting one-fifth for evaporation,
120 cubic feet or 748 gallons is the amount available for each
person in a year, which is equal to about two gallons daily.

| This is the amount available from the rainfall—30 inches—of

“an average vear. It has been found from a great number of
records of rainfall extending over a long series of years in different
places, that the rainfall in the driest year is usually one-third
less than the average fall, whilst in the wettest year it is one-
third greater than the average. So that in a very dry year in
the example given above, the amount of water available may be
only 11 gallons daily per head, whilst in a very wet year it may
be 2% gallons.

Rain, as it leaves the clouds, is water pure and simple, free
from all foreign ingredients. Inits passage through the air to the
earth it may collect various impurities, gaseous and suspended.
The rain falling in towhs is found to have absorbed sulphurous
and sulphuric acids, the latter being always present in the air
of towns from combustion of coal and coal gas, and to contain
numerous sooty particles.

It also appears that the rain washes out of the air countless
bacterial and fungoid organisms and their spores. The rain
which first falls after a period of dry weather contains far larger
numbers of bacteria than that which falls later in a storm:
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200,000 germs per litre is not an unusual quantity under such
circumstances. During the warm months of the year, the number
of bacteria in the rain exceed those found in the rain of winter
and early spring. The greater number of the organisms in rain
are micrococei. Besides bacteria, pollen of grasses and flowers,
microscopic plants, such as Profococcus pluvialis and spores of
fungi, are occasionally found in rain, the latter being on rare
occasions in sufficient quantity to cause a localized fall of what
is known as *‘ coloured rain''; but dust, possibly of volcanic
origin, or derived from vast sand deserts, is sometimes responsible
for falls of coloured rain.

Rain is thus seen to be a great purifier of air, for it washes
out of it gaseous and solid impurities, organic and inorganic.
For this reason the rain which falls in the impure smoke and
soot-laden atmosphere of large towns is unfit to drink.

When roofs are used as collecting surfaces for rain-water,
the first portion of rain which falls and descends from the roof
should be rejected, as it is liable to be much polluted with soot,
vegetable matter (leaves), and animal matter (excrement of
birds, etc.) washed off from the slates or tiles. After the first
washing the remainder of the water may be collected and stored.

l\Robert’s Rain-water Separator, which can be fixed on the
downward course of the rain-water pipe, effects this purpose
by allowing the first portion of water that passes through the
apparatus to run to waste. After a certain time, a part of the
apparatus which is balanced on a pivot cants over, owing to
its centre of gravity being altered as one of its compartments
fills with water, and the water escapes into another pipe, which
conducts it to a storage cistern. Rain-water should always be
stored in as pure a condition as possible, otherwise the storage
receptacle becomes coated with foul matters, which decompose in
the water. The advantage of underground storage is that the
water does not get frozen in the winter or unpleasantly hot in
the summer. But, on the other hand, the tanks are more
difficult of access. Underground tanks must be built of sound
masonry or brickwork and lined with hydraulic cement. They
should rest upon a bed of concrete and be covered over with
arches of masonry or brickwork ; and if there is a special danger
of polluting material gaining access to the tank, their walls
should be surrounded with at least a foot of well-puddled clay.

Rain-water is especially useful for cooking and washing on
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account of its softness—that is to say, its freedom from the
salts of lime or magnesia in solution. When these salts are
dissolved in a water they render it hard. Hardness is usually
reckoned as equivalent to so many grains of chalk (or carbonate
of calcium) per gallon of water. A water containing more than
10 grains of chalk or its equivalent in other salts (sulphate of
lime or magnesia, carbonate of magnesia, etc.) to the gallon, is
said to be hard. Hardness due to the presence of carbonate
of calcium, held in solution by carbonic acid, is said to be
temporary,; for when the water boils, the carbonic acid is driven
off, and the chalk, no longer able to remain in solution, is
precipitated.

[t is this deposit of chalk which causes the fur on the bottom
and sides of boilers and kettles. When meat or vegetables are
cooked by boiling in hard water, a certain amount of the hard
material is deposited on their surfaces, which either hinders the
proper penetration of the heat into the interior, or prevents
solution of the soluble materials when this is desired. The fur
lining is also a non-conducting material, and impedes the passage
of heat from the fire to the contents of the boiler or kettle, thus
causing a waste of fuel. This fur lining is one of the causes of
the boiler explosions from which loss of life not infrequently
results. To reduce the possibility of such explosions the follow-
ing precautions are desirable:—The boilers should be of wrought
iron, properly tested; they should be periodically inspected and
cleaned ; pipes connected with them should not be carried up
external walls where they may be affected by frost, and the
cisterns should also be in well-protected positions; the safety
valve should be accessible, easily adjusted, and sensitive to
variations of pressure.

Great waste of soap, too, is caused by the use of hard water
in washing. When the water is hard, the lime or magnesia
combines with the fatty acid of the soap, forming a curdy pre-
cipitate; and all the lime or magnesia of the water must be so
combined before a lather can be formed. Consequently a certain
amount of soap is wasted. One grain of chalk wastes about
eight grains of soap. i

The hardness of rain-water is generally less than half a degree;
that is to say, it is equivalent to less than half a grain
of chalk to the gallon of water; hence its value for domestic
purposes. Rain-water should never be allowed to run to waste
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where the water derived from other sources is hard. There is
one great disadvantage possessed by rain and other soft waters,
namely, their liability to dissolve lead, iron, or zinc if left in
contact with these metals. Consequently cisterns of lead, iron,
zinc and even galvanized iron in some cases, should not be used
to store soft water; and such water when collected from lead
roofs should not be used for drinking.

Upland Surface Waters.

In hilly districts, the water which flows off the hills in the
form of rivulets or streamlets can be collected and stored by
building an earth and masonry dam or barrier across the outlet
of the valley to which the streams converge. By this method
of collecting in “ impounding reservoirs,” large artificial lakes
may be formed—capable of holding a supply sufficient for
several months—at suitable elevations above the towns which
they supply with water. A certain amount of *“ compensation ”’ i
water (usually estimated at one-third the amount impounded)
must be allowed to pass down to any mill-owners on the streams
from which the waters have been diverted.

Large storage reservoirs for such waters are made by exca-
vating or embanking the soil, and then lining the floor and sides
with concrete or well-puddled clay; common mortar must not
be used, as the water takes up the lime. Their position should
be such that a jet reaching 20 feet above the highest house to
be supplied is assured by gravitation alone, otherwise the water
has to be pumped to a higher elevation. Means are generally
taken for diverting the tributary streams from the storage
reservoir when these get foul in times of flood, by means of a
by-wash.

The size of a storage reservoir for a catchment area will depend
upon the numbers of the community requiring the water, and
upon the mean rainfall of the district. Hawksley’s formula is
of value in estimating the number of days’ supply (x) which
must be stored when a community is dependent on a rain-
ot ; where y =the mean

water supply. In this formula x =

A
rainfall during the three driest consecutive years—which is

usually about one-fifth less than the average. In this country
from 120 to 130 days’ supply have to be stored.
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The average annual amount of evaporation from an exposed
body of water reduces the depth by some 30 inches over the

whole surface; therefore there is an advantage in diminishing

the exposed area of the water by constructing deep reservoirs,
rather than shallow ones.

Peaty matter is very frequently present in the upland surface
waters of mountainous districts, often imparting a decidedly
| yellow or brownish hue to the water. It may be removed by
~ filtering the water through beds of fine, sharp sand, as is done
| at Vartry (Dublin).
~ Under the heading of Upland Surface Waters may also be
ranked the waters derived from natural lakes in mountainous
districts. Upland surface and lake waters, in their comparative
freedom from mineral matters, approach more nearly to the
composition of rain-water than water derived from any other
source. Many of the manufacturing towns in Great Britain
are supplied with upland surface waters.

Occasionally the water of lakes and open reservoirs becomes
contaminated by the growth and subsequent decay of alga and
other microscopic organisms. In some instances so abundant
is the growth of the organism that the water becomes coloured
red or green-blue, according to the nature of the organisms,
and is also turbid and evil-smelling. Beyond the unpleasantness
arising from the odour and turbidity of the water, and the
disturbance of the sand filter-beds when the reservoir water
is subjected to filtration, it does not appear that this con-
tamination induces any injurious effect upon the health of
the consumer.

Reservoirs that are covered over and protected frem light
are not nearly so subject to the growth of algz.

The quantity of water that can be collected and stored in an
impounding reservoir amongst hills can be calculated with some
approach to accuracy if the area of the catchment basin, the
average rainfall, and the average amount of percolation, evapora-
tion, and flow of the rainfall off the surface, are known. Records
of the rainfall, percolation, etc., extending over a long series of
years are necessary for this purpose. The loss from evapora-
tion in open reservoirs may reach to } of an inch per day in
summer, the average throughout the year varying from % to
vz of aninch daily. The area of the catchment basin or gathering
ground can be ascertained from a 6-inch ordnance map. It
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is in many cases a district enclosed by a ridge line, which is
continuous except where the water finds exit: or if the ridge
line is complete and the water does not find an exit, a lake or
natural reservoir is formed. The main ridge line may give off
branches, and thus produce subsidiary or secondary catchment
basins.

In 6-inch ordnance maps, contour lines, which are lines of
equal altitude, are drawn at every 25 feet of elevation. Ridge
lines, or watershed lines, indicate where the ground is higher than
that immediately adjacent on each side, the land sloping from
them on both sides. On the ordnance map will also be found
the Bench Mark figures, which indicate in feet the height of the
particular spot above ordnance datum. If the place noted by
any of these figures be visited, there will be found a B. M. or
broad arrow marked on some object, such as a milestone, church-
wall, rock, etc.

The maps of the Ordnance Survey of the United Kingdom are published
in the following scales: (1) }inch to the mile, or sx3yes the actual measure-
ments of the ground. This map shows a considerable area of country
in one sheet. (2) One inch to the mile, or ;4 )47 the actual measurements
of the ground. This is the general road map of the country. The out-
line edition shows contours at 100 feet intervals up to 1,000 feet, and
above that height at 250 feet intervals, and numerous spot levels along the
roads. (3) Six inches to the mile, or (yl.y the actual measurements of
the ground. This map shows houses and fields and boundary lines.
Altitudes are shown as on the 25-inch map, and contours are shown at
50 {t., 100 ft., and at 100 ft. intervals up to 1,000 ft. above sea level.
(4) Twenty-five inches to the mile, or 4,45 the actual measurements of the
ground. This map shows the details of buildings, and the boundaries and
arcas of fields, etc. It shows levels of bench marks along the roads to one
place of decimals, but does not show contours, {5) Town maps, with the
exception of London, Dublin, Belfast, and some smaller towns, are on the
scale of 10-56 feet to the mile, or ;1 the actual measurements of the ground,
for all towns which at the time of the survey had 4,000 inhabitants and
upwards. The scale is large enough to show doorsteps, the thickness of
walls, and the divisions between buildings. It also shows all objects con-
nected with water-supply, lighting, and drainage, such as hydrants, lamp-
posts, sewer-manholes, and gratings. Levels are shown along many of the
streets, and bench marks showing to two places of decimals the altitude
above mean sea level. Areas are not shown on town plans, nor are con-
tours. In London, Dublin, and Belfast the scale adopted is 5 feet to the
mile, or 15y the actual measurements of the ground,

The altitudes on the maps are those above ordnance datum or mean
sea level at Liverpool, which is 0-65 feet below the mean level of the sea
round the coast. Trinity high-water mark at the entrance of the London
Docks is 12-48 feet above ordnance datum. Surface levels are shown in
feet along the roads on the 6-inch maps thus + : on 10-feet town plans
one decimal is given. Altitudes are shown thus “* /> B, M. smg B, M.
means the Bench Mark cut on buildings, walls, etc., and at this spot the

Jench Mark is 57-4 feet above ordnance datum.



WATER o

Waters collected from upland surfaces are liable to pollution
from shepherds’ huts and farmhouses and the droppings of
animals allowed to feed upon the collecting area. Such
pollutions should always be reduced to the lowest possible
amount.

Streams and Rivers.

Streams near their sources, and passing through uncultivated
land on hills and moorlands devoid of human habitations, are
good sources of water-supply; they mainly represent those
upland surface waters which have already been considered.

Streams and rivers in their course through cultivated valleys,
with towns and villages on their banks, furnish water which
must always be regarded as undesirable, and in many cases as
dangerous for drinking purposes.

The composition of river water, as regards its mineral in-
gredients, is most variable. TFed from a variety of sources, by
springs and streams in the uplands, by surface drainage, by
springs in their beds, and by other streams and rivers through-
out the whole of their course, rivers are a combination of spring
and surface waters, and present sometimes mainly the char-
acteristics of the one and sometimes those of the other.

All rivers, as being the natural drainage channels of the sur-
rounding land, must be subject to pollutions of animal origin.
The surface and subsoil drainage from manured land under culti-
vation, the sewage cffluents from isolated houses, the slop waters
and the sewage of villages and sometimes even of towns, and the
waste products of industries on their banks frequently flow into
the river. Towns, as a rule, draw their supply of water from
a river above the spot at which the sewage of the town is dis-
charged. But the intake of the next lower town on the banks
of that river must necessarily be from a stream already polluted
with sewage; and the question arises, can a river once polluted
with sewage, and with all the possibilities of specific discase
contamination thereby introduced, ever be a safe source of
supply below the point of pollution ?

When sewage or other polluting liquids are discharged into
rivers, they are more or less diluted with the river water, the
amount of dilution depending on the comparative volumes of
sewage and river water which are thus mixed together. If the
river into which the sewage is discharged consists of clean and
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hitherto unpolluted water, the oxygen dissolved in it will, to
a certain extent, oxidize the organic matters of the sewage,
this destruction being very largely effected through the agency
of aerobic or oxygen-requiring bacteria. If, too, the dilution of
the sewage with clean water is considerable, plant life is not
interfered with but continues to give off oxygen, reoxygenating
the water, and enabling the process of purification by oxidation
to continue. No doubt, also, as the oxygen dissolved in the
water is used up, fresh oxygen is absorbed from the air. Besides
water plants, minute animals (infusoria, anguillulide or water
worms, entomostraca or water fleas, etc.) aid the process of
purification by feeding on the organic impurities of sewage.
These organisms are found in countless numbers in the polluted
reaches of rivers. Fish, too, if the pollution is not sufficiently
great to cause serious diminution of dissolved oxygen in the
water, feed on some of the elements of sewage, and aid in the
process of purification; and when the current is sluggish, or
in the deep and quiet pools of a rapid stream, the suspended
matters of the sewage will be largely deposited.

Delépine has shown that this sedimentation, which occurs

- when the flow is sluggish, is a very important factor in promoting
‘| bacterial purification in river water.

The result of all these processes is that, under favourable
conditions, when the dilution of the sewage with clean water
is very considerable and the oxidation and purification exerted
by aquatic animal and vegetable life can have free play, a
stream or river, especially if it undergoes agitation and exposure
to the air by flowing over rapids or by falling over weirs, is
capable of being so far purified that, although it may never
quite regain its original purity, it becomes at least very much
improved.

The oxidation of the organic matters in sewage is not, how-
ever, the only process with which the self-purification of rivers is
concerned. Of more importance is the destruction or elimination
of the bacterial organisms introduced into the water by the
polluting agents, more especially of those of * intestinal type,”
e.g., Bacillus coli, Bacillus enleritidis sporogenes, Bacillus enteri-
tidis (Gaertner), and streplococei, with which are occasionally
associated the Bacillus typhosus and other pathogenic organisms.
[t is probable that organisms of this type may persist in a
polluted water which has freed itself from all other evidence

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































