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PREFACE

— T e

Eiear of the thirteen chapters of this work have, in
whole or in part, been previously published. Chap-
ter II. formed the subject of a *free lecture’ delivered
at University Cellege, London, in 1892, and was subse-
quently published in the Laneet. Chapter IIL., < On the
Shortcomings of Some Modern Sanitary Methods,” was
delivered as an address to the Sanitary Institute at its
annual meeting in 1887. This chapter has been trans-
lated into German, and has been published by Wagner
of Graz with the title, Die Nachtheile einiger neueren
sanitdren Methoden. Chapter IV., ¢ The Living Earth,’
was written for an address delivered at Brighton in 1891,
when the author held the office of President of the seec-
tion of Preventive Medicine at the Health Congress held
in that town.

Chapters V., VI., VII., and XII. formed part of a
handbook written in 1884 at the request of the Council
of the Health Exhibition, which was held in London in
that year, and they are incorporated in this work by
arrangement with Messrs. W. Clowes & Sons, who own
the copyright of the Health Exhibition Handbooks.
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CHAPTER I
INTRODUCTORY

In the ensuing chapters the author will attempt to show
that many of the hygienic arrangements which have
been in vogue for some years are largely based upon
erroneous scientific principles; and are, therefore, bad
from other points of view, political, moral, economie,
and hygienie.

The title of ‘Rural Hygiene’ has been chosen because
it 1s only in places having a rural or semi-rural character
that 1t is possible to be guided by secientific principles in
our measures for the preservation of health and the pre-
vention of disease. In cities the hygienic arrangements
are the products of expediency rather than prineciple, and
are not unfrequently carried out in defiance of the teach-
ings of pure science. Overcrowding is encouraged, and
rivers or other sources of water are recklessly fouled,
beeause such conditions are, or are supposed to be, ¢ good
for trade.’” Our municipal governors, who are mainly
selected from the trading classes, and the majority of
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2 ESSAYS ON RURAL HYGIENE

whom have had no scientific training of any kind, are
rarely capable of looking beyond the question of imme-
diate profit, which to them seems all-important. If a
so-called sanitary measure seems likely to increase the
rateable value of a district for the time being, that is
generally regarded as sufficient ground for action, and
money is recklessly borrowed to earry out expensive and
half-considered measures, in which the work of sanitation
is merely begun and rarely completed.

The hygienic measures of cities have, for the most
part, been hastily adopted in order to escape the dangers
which are inseparable from an undue concentration of
population. They may be compared to the herculean
method which was practised upon the stables of King
Augeas, and although we may admire the prowess of
Hercules, we can feel nothing but contempt for Augeas,
who would have been happier and richer had he kept his
oxen in a rational way.

The ¢ good for trade’ doctrine is fatal to sound sani-
tary measures, because Mr. ¢ Good for Trade’ (as Bunyan
might have called him) will not for a moment listen to
any proposition for limiting, however slightly, the con-
centration of population. ‘¢ Good for trade ’ is fond of big
gchemes, the money for which is borrowed, and so long
as the money be spent he does not much eare upon what.
There can be no doubf that the almost unlimited powers
of borrowing which our municipalities possess have been
harmful in so far as they have encouraged sanitary autho-
rities to act precipitately when otherwise they would have
been obliged to move slowly and cautiously, and in
doing so have gained their experience.

Mr. ¢ Good for Trade’ is often not deficient in eun-
ning, and 1s quite capable of seeing how advantageous
are big sanifary schemes for landowners, building specu-
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lators, water shareholders, contractors, and the erowd of
tradesmen who follow in their train. He thoroughly un-
derstands the various methods by which what is known
as ‘bringing down the Local Government Board’ is
brought about, and then, when the groaning ratepayer
complains, he protests that the local authority is helpless
because of the action of the Government.

The title of ¢ Rural Hygiene’ has been chosen not
only because it is in the country alone that Hygiene can
be based upon principles rather than expediency, but
also from a feeling that if the rural element be entirely
banished from our towns, and if the fearful concentration
of population which is seen in the modern city, both
here and in America, be allowed to proceed unchecked
we are in a fair way to increase rather than decrease the
liability of our towns to suffer from epidemics.

“ God made the country and man made the town,’
said the poet Cowper, and this is a saying which is not
only true but filled with deep meaning for those who
are interested in the physical and moral welfare of our
populations. It is to be hoped that rural districts will
make every effort to retain their rural character, and
that, if those sanitary measures which foster overcrowd-
ing be forced upon them, they will put some compensa-
ting restraint upon the owner of ‘ eligible sites” and the
speculative builder. With our modern methods of com-
munication such dangerous concentration of population
cannot be necessary, and one hopes that before the
nineteenth century closes people will begin to see the
advantages not only of the »us in wrbe but also of the
urbs in rure.

We hear a great deal of the dulness of rural distriets,
but it must be remembered that in reality our modern
methods of communication have placed all the more solid

B2
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advantages of the town within reach of the villages, and
that a dweller in even the most remote of our villages is
able, if he be so minded, at very small expense, to keep
himself abreast of modern ideas in all departments of
knowledge.

The big towns are daily becoming more and more a
menace to the country. Might is right in the present
day as it ever has been, and it makes little difference
whether oppression be practised by fists or votes.

If, however, big towns be allowed to devastate rural
districts and drain rivers to dryness in order that they
may have a gigantic water-supply with the main object
of still further concentrating the population in their
boundaries; if the big towns be allowed to use the
neighbouring counties as dumping-grounds for nuisances;
if they be allowed to foul the rivers so that the fishing
industries are destroyed, and 1t 1s dangerous for the
countryman’s cattle to drink-from them; if they be
allowed to empty their filth along the foreshore of places
which are miles distant; if they be permitted to send
their paupers into one county, their lunatics into a
second, their scarlet fever cases to a third, and their small-
pox to a fourth, it is evident that the country people
must rush for the towns in self-defence. It is to be
hoped that it may some day be recognised that rural
districts have their rights. Free trade is indispensable
for the existence of our big towns, and while it has
enabled the country at large to grow rich it certainly has
not been an unmixed blessing to rural distriets. The
rnral districts have, so to say, sacrificed themselves for
the sake of the towns, and are now finding out that they
have been nurturing a set of Frankenstein’s monsters,
which are devoid of gratitude and return evil for good.

In the chapters which follow an attempt will be made
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to set forth the true principles which should guide our
actions in procuring a healthy house, pure air, good
water, and cheap and wholesome food.

It will be first of all demonstrated that a neglect of
sound prineiples lands us in difficulties, and accordingly
the first of the subsequent chapters will be devoted to
the evils which arise from an over-concentration of popu-
lation ; it will further be insisted upon that this over-
concentration is an indirect effect of our modern sanitary
methods, which give what may be called a fatal facility
for the packing of houses in dangerous proximity to each
other. This over-concentration is often defended on the
ground that i1t is necessary for the purposes of commerce,
but not a few facts will be brought forward which tend
to throw considerable doubts on the economic advantages
of such concentration. It will be argued that the reten-
tion of a rural element in our rapidly developing towns
and the allowing of open spaces to inter-penetrate and
dovetail with the houses has not only great advantages
on the score of health, but will be shown to be equally
advantageous when regarded in its purely financial and
economic aspects.

In the third chapter the shortcomings of modern
sanitary methods will be dealt with, and it will be shown
that the mixing of putrescible matter with water is a
fundamental scientific error which leads to the dissemi-
nation of water-borne diseases, the pollution of rivers,
and the poisoning of wells. Whether such methods be
regarded by the modern light of bacteriology or by the
evils and expenses of which they are notoriously the cause,
they must be condemned as unsecientifie, thriftless, and
immoral. They are unscientific because they encourage
putrefaction and hinder nitrification, which should be our
aim in dealing with organic refuse; they are thriftless



6 ESSAYS ON RURAL HYGIENE

because they merely waste or practically destroy that
which, rightly used, should be a source of profit and pro-
ductiveness ; and they are immoral because, by merely
‘ passing on’ our refuse to be a nuisance elsewhere than
on our own premises, we show a forgetfulness of our duty
towards our neighbour and we do unto others that which
we are unwilling that others should do unto us.

In the fourth chapter, on ‘ The Living Earth,” it will
be shown that the humus possesses (in virtue of the
animal and vegetable organisms which it contains) a
marvellous power not only of turning organic matter into
focd for plants by what is known as the process of nitri-
fication, but that while in this way it tends to in-
erease our food supplies, it is no less powerful, if rightly
and scientifically used, to protect our wells from all dan-
gerous animal pollutions.

In dealing with the subject of ¢ The House’ in the
fifth chapter, the many evils which are practically in-
separable from what are known as modern sanitary
fittings are passed in review, and it is insisted upon that
no house can be securely and permanently wholesome
unless it have tolerably direct relations with cultivable
land. The modern practice of erecting houses on insuffi-
cient area and the evil consequences resulting frem such
practices are dwelt upon, and it is pointed out that the
planning of town houses involves problems which need
rot and ought not to trouble the architect of country
houses. A few words will be said on the subject of those
buildings which are designed for the reception of large
numbers of people, such as hotels, barracks, and schools.

The subject of ¢ Air’ is discussed in the sixth chapter.
A few elementary facts with regard to air are first given,
and then the relationship which exists between the earth
and the air is discussed; it is insisted upon that vege-
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tation is essential for the freshening of the air ; and that
when, as in overcrowded cities, the air becomes too foul
to allow vegetation to flourish, this in itself constitutes
a danger to health, for without vegetation neither is the
air freshened nor the soil purified.

The point which receives most attention when dis-
cussing the question of ¢ Water’ in the seventh chapter
is the great difficulty of purifying water which has once
been fouled, and the doubts which surround all the
common processes which are at present advocated for
that purpose. It will be shown that, if we want pure
water, a scientific and careful bestowal of putrescible
refuse 1s the first thing necessary ; that while putrescible
matter mixed with water and allowed to accumulate in
underground receptacles not only escapes the salutary
action of the humus, but, leaking under pressure, inevit-
ably trickles unchanged to our wells, however deep they
may be, the same maftter, if superficially buried in the
humus and allowed to oxidise and nitrify, 1s not likely to
foul a properly made well, no matter how shallow it may
be. The necessary relations which exist between earth
and water are discussed, and it is shown that every indi-
vidual requires a definite minimum amount of earth, air,
and water in order to live. Modern methods of com-
munication combined with the unrestricted importations
of food have enabled us to neglect what may be called
the ¢ earth-unit,” and to concentrate our population in a
disastrous fashion, and it is largely due to this neglect of
the earth-unif that our increasing difficulties with regard
to municipal water-supplies are due, difficulties which
must, one would fear, grow progressively greater.
~ In the eighth, ninth, tenth, and eleventh chapters
the author gives his personal experiences in dealing
with the problem of domestic sanitation. The prineiples
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which should guide us in the management of sanitary
details are discussed, and arrangements are desecribed
which are believed to be satisfactory, at least in the
circumstances for which they were designed. It must,
however, always be borne in mind that circumstances can-
not be neglected when dealing with questions of sanita-
tion, and that the discovery of a sanitary panacea will
certainly never be made. The peculiar guestions which
arise when dealing with the sanitation of cottages will be
discussed, and the best methods of refuse-disposal and
water-supply in relation to cottages will receive attention.
The burning sanitary questions which arise in country
towns and in growing suburbs will be illustrated by per-
sonal experiences, which the bulk of readers will recognise
as having been in no degree exceptional.

A chapter on ‘ Burial® has been inserted as being
part of the great question of the right bestowal of effete
organic matter, and the power of the earth to deal with
the dead body as satisfactorily as it deals with all other
forms of dead organic matter is insisted upon.

The final chapter is devoted to the story of Bremontier,
which ig inserted as the best example known to the author
of the glorious results which have been obtained by a
patient waiting upon nature in the true scientific spirit.

It is hardly necessary for the author to say that
in bringing out this little book he has been prompted
solely by a deep sense of the importance of the subject
which is discussed in it. It is important not only to the
individual but to the nation at large. The bestowal of
refuse is a problem which confronts every individual daily
and almost hourly. We may practically destroy it so
that our native soil gets no advantage, or we may start
it upon a round of creative productiveness which will
provide food, warmth, houses, and raiment, and in so
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doing find perpetual occupation for the increasing
numbers of ¢ the unemployed.” To what extent it might
be possible for the towns to mitigate the prevailing
agricultural distress by supplying farmers with manurial
matters at a cheap rate is a question well worthy of
consideration. Looked at philosophically, the question
of the right bestowal of organic refuse 1s a national
question of great political importance which no statesman
can neglect, and which has effects vastly more far-reach-
ing than is generally supposed. It is hoped that every
patriotic man will ponder the question seriously, and will
recognise that it hag its moral side. If is the duty of
each of us to take care that we do not, by apathetic
carelessness or culpable ignorance, endanger the health
of others, and we must remember that it is no excuse
for the adoption of bad and dangerous methods of sani-
tation to urge that they are ‘convenient.’ Such an
excuse might be put forward in defence of acts which we
all recognise as criminal. We are individually under
a moral obligation to see the refuse of our dwellings
safely bestowed, so as not to endanger the health of
others; but in these matters we are too prone to allow
‘rates’ to take the place of morals, and to expect a
collection of individuals, merely because they are called
a ‘ board,’ to be able to do for us that which we 1ignorantly
profess to be unable to do for ourselves. In sanitary
matters, more than in any others perhaps, we are gradu-
ally losing our freedom ; but it is high time for the in-
dividual to rouse himself to a sense of duty, and insist
on his right to individual liberty.
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CHAPTER II
THE CONCENTRATION OF POPULATION IN CITIES

TaE steadily inereasing tendency of population to leave
the country and concentrate in towns is a faect which
does not admit of a doubt. Of the twenty-nine millions
of inhabitants of England and Wales, about 18,500,0C0
are classified by the Registrar-General as belonging to
town districts and about 10,500,000 as belonging to
country districts. In 1801 London contained about
one-cleventh of the entire population of England and
Wales, whereas, according to the last census, it was found
to contain about one-seventh of the entire population.
Dr. Gould, of Washington, in a paper read before the
seventh International Congress of Hygiene and Demo-
graphy, stated that a short half-century ago the urban
population of the United States was 8:5 per cent. of the
whole, while to-day the urban population constitutes 29
per cent. of the whole. The American city, says Dr.
Gould, ¢ creates itself with appalling suddenness,” and
it is probable that Chicago, with its 1,200,000 in-
habitants, having doubled its population in the last ten
years, may be said in this particular matter to have
beaten the record. It must not be forgotten, however,
that London has more than doubled its population in
the last half century ; that Cardiff has risen from 80,000
to 130,000 inhabitants in the last ten years; that
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Barrow-in-Furness, Eastbourne, Bournemouth, West
Ham, and Croydon are all instances of towns, besides
many others, which have sprung into existence within the
memory of the present generation. It is important to
bear these facts in mind, as showing that the English
cities, equally with those in America, create themselves
with appalling suddenness ; that we do not merely in-
herit our cities with their various shortcomings, but
that we create them for ourselves, and are directly and
solely answerable for their good or ill construction.

The cause of this concentration of population is the
desire for business, the wish to get money easily and
quickly, and to spend it advantageously. A man who
trades in a centre of express mail services, telegraphs,
and telephones has all the world before him if he knows
how to make use of it. There is consequently a rush for
such favoured centres, and it has come about that steam
and electricity, which annihilate time and space, instead
of enabling us to live further apart from each other,
have produced a directly opposite effect. The dealer, be
he wholesale or retail, likes to be surrounded by a erowd
of potential customers, rather than be dependent on a
few; and the artisan naturally turns to great industrial
centres as offering the readiest market for his labour,
and often finds out too late that the higher wages of the
town are more than counterbalanced by the extra cost of
living. The erowds of independent and idle persons who
settle in the towns do so because they find a greater
variety of methods of killing time, or, as they prefer to
put it, because the state of civilisation is greater in the
towns than in the country. DBut what is civilisation ?
A recent anonymous writer (the author of ¢ Behind the
Bungalow’) speaks of this ¢ half-hatched civilisation of
ours, which merely distracts our energies by multiplying
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our needs, and leaves us no better off than we were
before we discovered them’; and we must all admit that
there is a good deal of this kind of civilisation which
passes current at the present day, especially in cities,
where a large proportion of the population are the slaves
of inane conventionalities.

Cities are the abodes of art, and art in all its forms
is elevating ; but it is a question whether the increasing
difficulties which, especiailly in London, we encounter
in the study and appreciation of nature do not more
than counterbalance the artistic advantages. ¢ Pictures,
taste, Shakespeare, and the musical-glasses * are not the
only things worthy the attention of civilised man, and it
is noteworthy that many of the leading spirits in all ages
have turned from the artificial enjoyments of the town
to the greater freedom and more natural pleasures of
the country. It is said that our rural fellow-subjects,
having been forcibly educated to a pitch which enables
them to study all the gay doings of the town, are begin-
ning to find the country insufferably dull. The cause of
dulness, however, 1s in ourselves and not in our sur-
roundings. Our country friends must be taught that
they have at hand one of the surest cures for dulness.
Let them learn to study and appreciate the book of
nature—that book which is always with us, ever open
and inexhaustible—and dulness will become impossible.

The mind which has occupation to really interest it
cannot be dull or weary, and the surest way to find
interest in this life is productive labour. In the making
of a pudding, the raising of crops, the writing of books,
the practice of a profession, and in all the construective
arts, it is necessary to use the judgment; and it is this
exercise of judgment which is the true complement of
book-learning. The man who reads and who produces
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nothing is seldom capable of action ; he becomes giddy
with the opinions of others, and finds it impossible to
have a fixed opizion of his own. In action and produc-
tion the mere see-saw of criticism is of no use, we must
make up our minds. We must really think, and the
man who has learnt to think runs little risk of being
dull. :

Those who have to cope with the uncertainties of
‘nature are bound to exercise their judgment in a high
degree. Unless the farmer be constantly thinking and
looking ahead, and unless he bring (often unconsciously)
a good deal of science to bear upon his practical work,
he will have no chance of success. We are not to sit in
judgment on such a one because he does not show the
alacrity, sharpness, and power of repartee which are seen
in the town dweller. The cockney and the yokel are
educated in totally different schools, neither understands
the other, and they have for each other a good deal of
mutual contempt. It is difficult, however, to believe that
he who can perform the varied duties of the farm, and
who has been brought up in contact with a wide range
of natural phenomena, is not the equal intellectually of
the factory hand, who is the slave of a machine which
thunders to and fro with brutal accuracy for ten hours at
a stretch. Physically, the country labourer is vastly
superior to the town dweller, and be it remembered that
mental power is mainly dependent on physical health.

One of the undoubted consequences of the concentra-
tion of population in towns is deferioration in physical
health. The disease-rate and the death-rate are both
higher in urban than in country districts. The difficul-
ties of rearing children are much greater in towns than
in the country, and the risk of faulty development in
those which are reared is also greater. The undue con-
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centration of population must tend towards the deterio-
ration of our race, and there can be no doubt that the
diminution of the evils of such concentration is a subject
which demands very earnest attention. We all of us
have to run more or less risk in earning our living.
Some enter the army or navy, some go to tropical coun-
tries, some become file-grinders, hotel servants, or
doctors, and it is not, perhaps, desirable that the bread-
winners should look too narrowly at the risks connected
with their daily work. Every prudent man, however,
will endeavour to secure vigorous health for his wife and
children ; and, whenever it can be avoided, these should
not be called upon to run unnecessary risks.

The Registrar-General’s returns show that for every
100 deaths in country districts there are about 120
deaths in towns, and that the death-rate of ehildren
under five, per 1,000 living at that age, was (in the year
1890) 665 in Lancashire and 65'2 in London, as against
80-3 in Dorsetshire, 31-1 in Wiltshire, 81'8 in Berkshire,
31-2 in Rutlandshire, 35-8 in Herefordshire, 358 in
Shropshire, 35'8 in Hampshire, 864 in Oxfordshire,
975 in Bedfordshire, 86:0 in Sussex, and 393 iIn
Somersetshire ; and, although the infant mortality was
higher in the other counties having a more urban
character, in none of them (except Lancashire and
London) did it exceed 57-5. It is thus evident that the
risk to children under five is twice as great in London
and Lancashire as it is in some of the rural distriets.
How many children are crippled for life by infantile
diseases contracted in towns we have no means of know-
ing. Death-rates are nowadays the subject of perennial
paragraphs in the newspapers, they are systemati-
cally used for puffing localities, and are beginning to
form a recognised feature in auctioneers’ advertisements.
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Before accepting the death-rate as evidence of the healthi-
ness of a locality we must take several facts into con-
gideration. 1. The mobility of the population in the
present day is greater than it ever has been previously.
This must have a vitiating effect upon the value of
the death-rate, for it is evident to all of us that a man
who has contracted a fatal disease, let us say in London,
may die at Croydon, Brighton, the Riviera, Cairo, or
elsewhere. This fact must largely lessen the trust-
worthiness of local death-rates, although it does not,
probably, appreciably affect the trustworthiness of the
death-rate for the country as a whole. 2. Again, the
death-rate of a city is of little value unless correction be
made for abnormal age distribution. London, especially
the central parts of it, contains a great deficiency of
persons at the extreme (and most vulnerable) periods
of life, and this, of course, helps to keep the death-
rate lower than it would be if it contained its due propor-
tion of tender infants and feeble old persons. The popu-
lation of central London, it must be remembered, is
largely composed of selected adults imported from the
country. 8. Lastly, let it be observed that the death-
rate of London is kept down very largely by a process of
dilution. If any comparison is to be made between the
London of to-day and the London of former times, we
must be careful to select identical areas. As it is, the
high death-rate of the centre is diluted by the low
death-rates of the outskirts, and the healthiness of
Hampstead, Lewisham, and other outlying districts is
used to conceal the condition of the centre. :

For the sake of his argument the author has divided
the population of London into three portions as nearly
equal as the very irregular shape of the registration
distriets will permit,
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1. The outer portion, consisting of the outlying
districts of Hammersmith, Fulham, Hampstead, Isling-
ton, Hackney, Poplar, Battersea, Wandsworth, Cam-
berwell, Lewisham, and Plumstead, and confaining
1,676,475 inhabitants according to the last census.

2. Districts holding a middle position—viz. Ken-
sington, Chelsea, Paddington, St. George’s (Hanover
Square), Marylebone, St. Pancras, Lambeth, Greenwich,
and Woolwich, and containing a population of 1,817,078
inhabitants.

3. The central districts, which might be spoken of
as London proper. These include, in addition to the
¢ central districts’ of the Registrar-General, Westminster,
Shoreditch, Bethnal Green, Whitechapel, St. George’s-
in-the-East, Stepney, Mile End, Southwark, Newington,
Bermondsey, and Rotherhithe. These distriets form a
compact city in a ring-fence, and contain 1,217,503
inhabitants, a population twice as big as that of any
other city in the country. The deaths of the various
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districts as published in the corrected quarterly tables of
the Registrar-General have been taken, and from them
death-rates for these three divisions of London have been
calculated for every quarter during the last three years.
If we take the yearly rates instead of the quarterly
we have the following resulf :—

| 1590 ; 1891 | 1892

Outlying districts . | 18-4 per 1,000 181 per 1,000 185 per 1,000
Middle districts . . | 204 - 21-0 i 19-7 2

Central districts . . | 256 ‘254 i 239 .
|

From the above tables it i1s evident that when we
boast of London as a healthy city we must exclude the
central districts, or London proper, with its 1,200,000
mhabitants. Indeed, the death-rate of London proper
was extremely high in these three years; but, large as
the figures are, they do not show the full state of the
case, because no correction has been made for age
distribution and mobility, which is essential before we
can compare them with the rates for the rest of the
country. Nothing can show better than these figures
the effect of overcrowding on death-rate. Not only are
the central districts the most crowded and therefore the
poorest, but they are hemmed in on every side by the
middle and outlying districts, so that fresh air can never
reach them. As a result, we find the death-rates are
some 40 per cent. higher than the rates for the outlying
districts. In all seasons and under all conditions the
uniformity of relation between the rates of the outlying
and central districts 1s maintained. If we take the first
quarter of 1890, the second quarter of 1891, and the
first quarter of 1892, during each of which we had an
epidemic of influenza, we find that the death-rate of the
outlying districts was 20°9, 20'2, and 257, while for the

C
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central districts it was 29-6, 279, and 32-0. Or, take the
last quarter of 1890 and the first quarter of 1891, which
were characterised by weather of great severity, we find
that in the outlying districts the death-rate was 21 and
20+4, while in the central districts it was 28'8 and 28,
notwithstanding the fact that the temperature of the
central districts was certainly considerably higher than
that of the outlying districts. If we take the periods
when the elimatic conditions are at their best, the same
relationship in the figures is maintained. Thus, for the
third quarter of the three years the rates of the outlying
districts were 165, 14-1, and 155, while for the central
districts they were 229, 20-7, and 20-2,

Finally, let us take a period when the climatic condi-
tions were at their worst, as during the fog of Christmas
1891, which commenced on December 21, and continued
for parts of five days. During this fog the mean tempera-
ture of the air was 25° F. ; the air was calm, with slight
easterly currents, and saturated with moisture ; ozone
and sunshine absent. Under these circumstances the
irritating products of combustion and the soot from
thousands of chimneys remained suspended in the fog,
as did also the effluvia from over 4,000,000 human beings
and the varied impurities of a big city. The air was
bitterly cold and irritating, and from the absence of wind
could not be renewed, so that the citizens of London
were very much in the condition of gold fish in a bowl
whose water has not been changed. The corrected
average number of deaths for the fortnight ending
January 2, 1892, was 3,728, while the deaths which ac-
tually occurred were 5,170, so that we have 1,442 deaths
caused by the fog. The death-rate for the whole of
London for this fortnight was 32, the figures for the
three arcas being 29 for the outlying districts, 31'8 for
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the middle districts, and 88 for the central distriets.
This high death-rate for the central districts, which are
the warmest, seems to show that it is not merely the
coldness of the fog which raises the death-rates, but
rather the impurities, mechanical, chemical and infective,
which it contains.

Bad as are the health conditions in the centre of
London, they are eclipsed by those of New York. In
the city of New York, which had a population of
1,600,000 in 1890, more than 1,200,000 of the inhabi-
tants live in tenement houses. The density of population
averages 65 persons to the acre, while in many of the
wards it is over 200 to the aere, and in one ward it
reached 559 persons to the acre. The average death-
rate for the past ten years was over 26, and in the year
1890 the deaths exceeded the births by 980;: and while
there were 39,250 births in the year, the authorities are
jubilant because only 10,288 of the children born, or
rather more than 26 per cent., died before they were a
year old. The deaths in New York invariably exceed the
births, so that the population is maintained and inereased
entirely by immigrants. The birth-rate is exceedingly
low. Last year it was only 24, and that was a higher
figure than had been reached in any of the thirty
previous years. It must be remembered that New York
has a magnificent water-supply and a very complete
system of sewerage. As in London, there is apparently
a very great deficiency of very young and very old in-
habitants ; and again, as in London, it may be presumed
that a very large number of those who fall ill retire from
the city to die elsewhere. Notwithstanding the great
activity of the sanitary officers, it is evident that the
state of public health in New York is far from good, and

o2
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that, owing mainly to the density of population, it is not
a very wholesome place.

The evils of overcrowding have been made more
plain and comprehensible by the discoveries which
have been made in the new science of bacteriology.
When the public hears that a new microbe has been dis-
covered in connection with this or that disease, 1t says:
¢ Now, surely we shall have a cure.” It may be well to
point out that, hitherto, in no case of general disease has
the discovery of a microbe led to the discovery of a cure;
and the evidence that the study of the life-history of
pathogenic microbes is likely to lead to the discovery of
‘ cures ' is, to say the least, not very strong. ¢ Prevention,’
however, is better than ¢ cure’; and it is clear that the
study of the life-history of pathogenic microbes must
precede all adequate measures for preventing the diseases
which they cause.

It was the study of the life-history of the microbes
which produce putrefaction which led Sir Joseph Lister
to adopt the antiseptic treatment of wounds which has
produced such grand results. The knowledge that
cholera and typhoid poisons can live in water has led to
oreat caution in the selection and protection of water-
supplies, and it is possible that the time is not far distant
when we shall regard the wilful mixing of exeremental
matters with water as, in a sense, an act of public
suicide. Again, the knowledge ‘that typhoid fever, diph-
theria, and scarlet fever are often connected with the
milk-supply has been the means of arresting many an
epidemic. In short, the medical profession has no cause
to feel ashamed of its recent progress in the direction
of prevention of disease, which, in the words of Sir
William Jenner, should be the great aim of a physician.

While certain diseases reach us vid water and food,
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there are others which come to us in the air we breathe,
and it is well to bear in mind that it is in relation
to air-borne diseases that overcrowding is especially
dangerous. Whooping-cough, measles, scarlet fever,
diphtheria, tubercle, typhus fever, small-pox, influenza,
pneumonia, and plague, and, to a less extent, typhoid
fever, are among the diseases which are air-borne, and
the spread of which is, in a very obvious way, favoured
by overcrowding. It 1s definitely known with regard to
some, and may be safely inferred with regard to all the
above-named diseases, that the carriers of the infeetion
are particulate and alive. A sufferer from any one of
these diseases is continually giving off infective particles,
and the danger of the infection travelling to a second
person depends (1) upon the distance of the second from
the first; (2) the ease with which the infeeted air can
be diluted with fresh air. Thus the danger caused by
proximity to an infected person in the open air is com-
paratively slight, because the chance that the infective
particles will be blown away by the wind is very great.
When, however, the infected and the healthy come to
live under the same roof, to oceupy the same room, and,
still more, the same bed, the risks of infection are
enormously increased, because the air in the confined
space gets very largely charged with infective particles
which the healthy can hardly avoid taking. Given the
rate of movement of the air, the degree of proximity of
the individuals, and the number of infective particles
given off by the diseased person, and the risk of infeetion
could be stated as a mathematical formula. There is
good reason to believe, however, that the mere fact of
overcrowding produces some change (possibly chemical)
which greatly increases the risks of infection, apart from
the mathematical factors above alluded to. Some of the
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facts connected with the recent epidemic of influenza
bring out very clearly the increased danger of infection
which results from overcrowding between walls and
under a common roof.

Overcrowding is seen at its maximum in the fore-
castle of a ship after the men have ¢ turned in,” and the
danger to all should any case of infective disease be
present among them is well known. The explosive out-
bursts of influenza which are liable to oceur on board
ship have been amongst the startling features of every
epidemic. In the same way explosive outbursts of the
disease have occurred in establishments where many
persons have a common employment under a common
roof, as witness the sudden occurrence of a thousand
cases at the end of 1889 in the Magazins du Louvre at
Paris, and a similar outburst at the General Post Office
in January 1890. A careful consideration of the whole
of the facts of the epidemic of 1889-90 leads Dr. Parsons,
in his report made to the Local Government Board, to
conclude:! “8. That in public services and establish-
ments persons employed together in large numbers in
enclosed spaces have suffered in larger proportion than
those employed few together or in the open air. 9. That
in institutions in which the inmates are brought much
into association the epidemic has more quickly attained
its height, has prevailed more extensively, and been
sooner over than in those in which the inmates are more
secluded from one another.” The converse is also true,
for Dr. Parsons states that those living away from the
possibility of infection and in small groups, such as
lighthouse keepers and deep-sea fishermen, enjoyed a re-
markable immunity from the epidemic. It must be
remembered that what is true of influenza is also true

' See p. 101 of the Report on the Influenza.
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of other air-borne infections. It is known that whooping-
cough and measles are prevalent and fatal very much in
proportion to the density of population on a given area,
and 1t has lately been shown thaf, although the mortality
in so-called model dwellings is below that of the working-
class dwellings as a whole, the occurrence in them of in-
fantile infectious diseases, including diphtheria, 1s dis-
tinetly above the average. This is not to be wondered
at, for with a large number of persons under a common
roof the risks of infection must be proportionate to the
number of inhabitants.

The modern city is distinctly a modern invention ; it
had no counterpart in ancient times. The ancients
crowded behind walls from fear of their enemies. The
modern city has no walls and no need of them, and
there does not seem to be the same necessity for over-
crowding that there was in the ancient city. As a
matter of fact, however, the modern city both here and
in Ameriea exhibits a degree of overcrowding on space
such, as I believe, has never existed in the history of the
world. The main cause of the difference between the
ancient and modern city is the possession of water under
pressure. In ancient Rome an excellent supply of water
flowed from the neighbouring hills along open aqueducts
supported on arches, and it is probable that the greatest
head of water to be found in ancient Rome was repre-
sented by the height of the aqueducts above the level of
the ground. Most cf the buildings in ancient Rome were
what we should consider low. The dwelling-houses were
rarely of more than one storey, or at most two storeys,
high, and it was only in public buildings— temples, baths,
basilicas—that an attempt was made to carry the edifice
to any great height. In medi®val cities, three-storeyed
buildings represented the average maximum, for without
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water under pressure very high buildings were imprae-
ticable owing to the labour of carrying water to the upper
storeys and the difficulty of removing refuse. Formerly
a house was scarcely habitable unless it had a courtyard
of some kind. This was essential for sanitary purposes
—for a well and for the bestowal of refuse pending its
removal by the scavenger ; most of the decent houses in
medizval London had a considerable amount of curtilage,
as may be seen by consulting the maps of Aggas, Ryther,
Newcourt, and others. The steam-engine and the east-
iron water pipe have together created a new order of
thinga. The steam-engine gives us any head of water
we desire, and the modern iron fittings are able to stand
any pressure to which we may find it necessary to sub-
ject them. There is no longer any difficulty in taking
water to the top storey of any house, however lofty ; no
longer any difficulty in washing the filth out of any
dwelling-house, however big; there is no longer any
absolute necessity of limiting the height of buildings ;
no longer need of any curtilage to a house, nor for any
outlet other than a pipe. This, indeed, is magical.
“ My estate,” says one, ‘has risen in value from 100l an
acre to 5. a foot.” ¢My water shares,” says another,
‘ pay me 12 per cent.” My mansions in the sky,’ says
the builder, ¢ have sold for double what they cost me.’
All the gas shareholders and those who have invested in
electric supply companies join in the chorus of delight,
This is, indeed, a civilising and wonderful age. Let us
build a temple, and place in it a steam-engine, an iron
water pipe, and an hydraulic lift. Under these very
money-making conditions it is not to be wondered at
that the craze of the present time is for tenement houses,
which are called model dwellings, flats, or mansions,
according to the class for which they are intended.
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Whatever they may be called they are all of the same
type, and they are calculated to trouble the soul of the
sanitarian who knows the danger of overcrowding on
space and under a common roof.

Let us hear what Edinburgh can teach us on this
gabject. In a very excellent paper on the Hygiene and
Demography of Edinburgh, which was communicated to
the seventh (London) Congress, and which is now pub-
lished in the twelfth volume of the Transactions of the
Congress, is (p. 66) the following passage: ¢ Edinburgh
enjoyed for many years the unenviable notoriety of being
subject to periodical outbursts of fever. These assumed
in all cases the epidemic form, and entailed a large
mortality among the citizens. . . . There can be no
doubt that one main cause of these repeated outbreaks
was the manner of housing the inhabitants, which, copied
from the French, consisted in piling tenement above
tenement until a large overcrowded population was con-
fined in a limited space, and could only communicate
with the outer world by a narrow stair. . . . When in-
fectious disease of any kind broke out in such circum-
stances, 1t spread with great rapidity, and quickly assumed
the epidemic form.” Tenement houses are common in
Paris, where the overcrowding on space as a consequence
1s on an average twice as great as in London, and where
the death-rate is considerably higher than in London.
(In 1881 I find the death-rate was 28 per 1,000 in Paris.)
The condition of New York has already been alluded to.
It 1s doubtless gratifying to national vanity to have a
capital city composed of huge edifices which may be
made to look palatial from the outside, but there is also
no doubt that the comparatively low death-rate which
London has hitherto enjoyed is to be attributed to the
faet that as a rule each family has had a house of its own.
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It is strange that the craze for high buildings has reached
its maximum in America, where cities have sprung into
sudden existence on the boundless prairie, where space
is practically unlimited. The main causes of this seem
to be hurry, avarice, an insane spirit of competition, and
the difficulties connected with domestic service in a
country where the citizens are more willing to slave for
a machine than serve a mistress. Life in hotels and
boarding-houses is more common in America than here,
and co-operative housekeeping has reached a high stage
of development. Water, warmth (by steam coils), gas,
electricity, telephones, and hydrauliec power are supplied
to groups of houses from common centres. This is a
convenient arrangement, but one which makes for the
overcrowding of houses on space. Domestic architecture
is in danger of becoming a lost art in cities where the
inhabitants are content to be stored in human ware-
houses erected by engineers and as full of machinery
as a factory. In the most modern city in the world
(Chicago), the builders of which have had the oppor-
tunity of avoiding all the errors of the past, it is eurious
to note that the engineer-architects have exceeded all
previous efforts in the matter of high buildings and
disgraceful overcrowding. The ‘Masonic Temple ' in
Chicago has twenty storeys and is 265 feet high, and is
merely the latest and worst of many similar buildings in
the city. In such a city the sewage difficulty is neces-
sarily very great, but we learn that a special canal is to
be construeted for its reception, and this is to discharge
into the upper waters of the Mississippi! It seems
astounding that such an outrage on their noblest river
should be tolerated by the American people. The volume
of the sewage may be as nothing when compared with
the volume of the river into which it 18 to be discharged,
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but one would ask, Can this ingenious race, who like to
be considered in the van of progress, do nothing better
with the sewage of a great city than this? And are we
to conclude that their hygiene is founded more on
expediency and money getting than on any true scientifie,
economic, or moral prineiples ?  As regards the state of
public health in Chicago, the following figures may help
one to form an estimate of it. The annexed table,
compiled from the official mortality returns, shows that
for 1890 the death-rate was 182, and for 1891 22-2. Tt
has not been possible to make any correction for age
distribution, but it seems highly probable that Chicago
1s largely peopled by vigorous adult immigrants who
ecrowd into 1t . search of employment. The zymotic
death-rate was 4-09 in 1890 and 5-61 in 1891, the latter
figure being not far from double the zymotic death-rate
of London in 1890. The death-rate from typhoid fever
was 840 per 1,000,000 in 1850 and 1,596 per 1,000,000
in 1891, the latter figure being nearly five times as great
as the largest typhoid fever death-rate ever recorded in
London. Croup and diphtheria last year killed 1,087 per
1,000,000 in Chicago, which is a figure enormously in
advance of any that have ever been recorded in London.
These figures seem to show that no amount of ingenious
engineering can counteract the evils of overcrowding on
space.
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The following account of Chicago, taken from a paper
on the Columbian Exposition read before the Society of
Arts in December last by Mr. James Dredge, seems to
show that the modern American business city is ad-
mirably calculated to rob existence of its pleasures:
¢ No deseription, in fact, would do justice to this city of
1,200,000 inhabitants, almost every one of whom appears
endowed with preternatural activity; which owns a
street eichteen miles in length, almost a dead level for
the whole distance, and on which are houses twenty
storeys high ; whose traffic is as noisy as if is ceaseless,
both on the smooth-running rope-worked railways and
the ill-paved, jolting roads ; where the roar of the loco-
motive and the scream of the lake steamer emphasise
the fact that repose and silence are unknown, even in
the dead of night; where a pall of smoke, the outpour-
ing of a thousand factories and of ten thousand dwellings,
reminds the Englishman of home. Pieture all these
things, and you can form some idea of Chicago, which
has been raised in sixty years by the indomitable energy
of Americans to the rank of the sixth city of the world
in point of population. . . . Great as Chicago is, the
period of her true greatness has yet to come. Its
commencement will dawn when her inhabitants give
themselves leisure to realise that the object of life is not
that of incessant struggle; that the race is not always
to the swift, but rather to those who understand the
luxury and advantage of repose as well as of sustained
effort. Real greatness does not depend on length of
streets, nor height of houses, nor even on colossal
fortunes ; but rather on the wise application and equally
wise conservation of energy and intellect. When Chicago
ceases to be the city of perpetual haste, and adopts the
pace which will be inevitably set for her by time, the
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names of her great workers will not be erased so early
from the book of life, but will be preserved to give their
beloved city many more years of really useful work. At
present, I think there are no old men in Chicago, because
they have no time to grow old; and giving themselves
insufficient time for leisure, they have, as a necessary
consequence, little opportunity for the higher culture
which is born of leisure.’

It needs to be pointed out that the overcrowding of
our cities, which is admittedly the greatest of all sanitary
evils, 1s the direct result of sanitary legislation. When,
some forty years since, it was recognised that water-
carried sewage inevitably poisoned the wells, no attempt
was made to protect the wells from pollution; but the
surface wells were compulsorily closed, the inhabitants
were sold in bondage to the water companies, and the
houses were compelled to pollute our rivers. - These
measures have given a fatal facility for overcrowding,
and wherever a line of sewers is taken the speculative
builder follows; for, not being hampered by questions of
water-supply or filth-disposal (the sanitary authorities
relieving him of all responsibilities in this matter), he is
able to erect buildings without any curtilage, and of any
height almost that he chooses. Be it observed that this
state of things is not limited to London or the big fowns.
The notion that houses are as well without curtilage as
with it has infected the country, as anybody may see for
himself when travelling by railway. The train runs
through miles of country, with scavcely a house to be
seen ; but when we stop at the developing district, grow-
ing up round the country station, we find the houses
packed almost as closely as they are in the centres of
fowns. As an instance of this, a village might be men-
tioned where land can be bought at very little above its
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agricultural value. This village has been selected by a
railway company for the establishment of ¢works,” and
the company is erecting rows and rows of artisans’
cottages with at most a few square feet of curtilage each.
The onus of draining these cottages will ultimately be
thrown on the local authority, with the additional onus,
in a few years’ time, of providing the inhabitants with
allotments ; and all the expense of this will fall upon the
ratepayers as a whole. Clearly, the best place for an
allotment is round the dwelling, and some compulsion
should have been put upon this wealthy company to
provide them. A couple of hundred acres of land
(enough for 1,000 cottages) might, I suspect, have been
purchased in this particular spot for less than 10,000L.,
and would have added 10l. to the cost of each cottage.
What is this to a rich company, especially if it be the
means of increasing the health and contentment of their
workpeople 2  Would it not be money well spent, and
spent to the ultimate advantage of the shareholders ?
We have engendered a stingy habit of mind towards the
question of space round houses, which almost amounts
to a national insanity.

A country town which the writer knows well, where
200 acres of land with a house and farm buildings
recently sold for 4,0000., has sanctioned the erection by a
building society of 200 dwellings on six acres of land.
This building estate will, if successful, have a population
of 1,000 persons, or nearly 170 to the acre, a degree of
overcrowding about three times as great as that of the
average of London. The building society will make a
good profit, while the sanitary authority which sanctioned
this scheme will ultimately have to deal with the in-
fections diseases of this crowded area, and will not only
have to provide, at the expense of the ratepayers as a
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whole, for the safe bestowal of the filth from this area,
but will also, possibly, be compelled to provide the
tenants with allotments.

Can anything be worse from the hygienic point of
view than the modern tenement house or monster hotel,
where each floor ventilates into the floor above and the
floor below, while the ‘lifts’ effectually drive the air from
one floor to another without renewing it? In such
places, where hundreds live under a ecommon roof, fresh
air is impossible. Dr. Ogle, in his paper on The
Relation of Occupation to Disease and Mortality,” read
at the late Congress, pointed out that the mortality of
hotel servants was higher than that of any other class,
being nearly four times as great as that of the clergy,
who enjoy the lowest degree of mortality. This high
mortality 1s not to be wondered at, for the hotel servant
never breathes fresh air, and lives day and night in an
overcrowded dwelling redolent of humanity, dinners, gas,
tobacco, and drains, one or all, most commonly all.
Aleoholism may have something to do with this high
mortality, but we must all admit that the unwholesome
conditions of life are probably the main cause of the
aleoholism. Drinking is said to be on the increase in
this country, and it is probable that it would be found
to bear a very defimite ratio to the overcrowding on
space. The advantages of hotel life are many, and the
charms of living in a pleasant community are very great.
These charms have always been recognised, but when we
contrast the ¢ college,” as seen at Oxford or Cambridge,
with its ample area and the opportunities for society or
seclusion at will, with the modern hotel, raised tier
above tier, in which tranquillity and fresh air are alike
unknown, it must be confessed that, ®sthetically and
hygienically, the medieval architect was ahead of his



32 ESSAVS ON RURAL HYGIENE

suceessors. These remarks apply not merely to those
great hostelries in cities, where persons are content to
jostle each other during a short paroxysm of business or
pleasure, but also to establishments erected in health
resorts and by the seaside, which have been designed for
the reception of delicate persons and invalids, and which
are well caleulated to bring chronic maladies to a termina-
tion.

Let us look at the question of overerowding on space
from an economic point of view. It is calculated that
to raise the body vertically requires twenty times the
force necessary for walking on the level, so that whether
we mount stairs to the height of 100 feet or walk 2,000
feet along the level the labour is the same. But I shall
be told there are ‘lifts,” and, that being the case, it
becomes quicker and easier to move vertically than
horizontally. It costs money to be carried, however,
and a ‘lift’ 1s a most extravagant machine, because
it does not accommodate the force expended to the
weight to be raised. In a report recently issued by the
South London Electric Railway, it is stated that the
cost of working the lifts 1s 10 per cent. of the gross
receipts! We are becoming alive to the fact that the
fogs of London are getting more frequent and more
virulent, in spite of the steady increase in the use of gas
as a fuel. This is due to the overcrowding of houses
and the multiplication of chimneys on a given area. In
the country, and in most towns, the smoke is diluted to
a point which practically gives us no trouble. It need
hardly be said that a house of nine storeys will give off
three times as much smoke as one of three storeys having
the same area. In the centre of London we have been
building enormous piles of offices and tenements, adding
storeys to old houses, and putting buildings upon every
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garden and back yard, while at the same time the arca
of the city has enormously increased. What right have
we to grumble at the increased density of the fogs? We
have deliberately caused it, and neither Royal Commis-
sion, parliamentary committee, nor anthracite coal will
put it right. Even though we got rid of the ¢ blacks,’
we should still have the irritating invisible produets of
combustion—Dby far the most harmful of the elements of
a fogc—to deal with. We have made our bed, and we
must lie upon it. The damage done to property by
fogs, the extra cost of washing and painting entailed by
living in the dirtiest capital city in the world, the serious
loss of trade, the cost of using artificial light in the day-
time, as well as the injury to health, must be all reckoned
as among the penalties we pay for overcrowding. ¢ Clean-
liness is next to godliness,’ says the old adage, and we are
bound to admit that the filthiness of the air of London is
a not unimportant factor in causing the moral degrada-
tion in which not a few of the inhabitants are sunk.
One main object of overcrowding houses 1s the saving
of time in the transaction of business, but there are
limits which cannot be overstepped without defeating
our object. The check put upon freedom of locomotion
by overcrowding, and the time occupied in going from
point to point, more than counterbalance the shortness
of the distance which we have to travel, to say nothing
of the fact, previously alluded to, that vertical movement
requires twenty times the force of horizontal movement.
In London rapid locomotion is getting daily more and
more impossible, and there are so many vehicles and
persons in the streets that we are all in the way of each
other. Our streets are always more or less blocked by
building operations, which must be in proportion to the

cubic contents of the buildings on a given area. Then,
D
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again, we have beneath our streets sewer pipes, water
pipes, gas pipes, hydraulic power pipes, and pneumatic
tubes, as well as wires for telegraphs, telephones, and
electric lights. The necessity for interfering with these
various subterranean arrangements in any one street
must be largely proportionate to the number of dwellers
whose front doors open into the street. These being
almost unlimited, it follows that our streets, instead of
being only occasionally ‘up,” as the phrase goes, are
only occasionally ‘ down.” Again, the number of vehicles
which stop at any given door is proportionate to the
number of persons who live behind it. A set of ‘ man-
sions’ with 200 inhabitants may have scarcely more
frontage than a modest house accommodating ten per- -
sons, but the vehicles stopping at them will be twenty
times as many. It is the halting vehicles rather than
the moving ones which offer the greatest obstacles to
traffic. In civilised London we have very few back
doors; our coals are shovelled in and our garbage
hauled out under the dining-room windows ; and these
tedious operations, performed in the main thoroughfare,
are in themselves great obstacles to traffic. The wear
and tear of the streets is in proportion to the traffic,
and in some of the leading thoroughfares the traffic has
become so great that it is wonderful that any material
can be found hard enough to stand it. These considera-
tions make it clear that the increasing difficulties of
locomotion in London are due fo the overcrowding of
houses on a given area.

From the msthetic point of view the effects of over-
crowding are disastrous. Proportion is one of the most
important elements in architectural beauty, and few will
be found to admire the Gargantuan architecture of the
engineer-builder,
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In spite of a somewhat dull uniformity, Regent
Street still remains the finest street in London in virtue
of its outline and proportions and the possibility of sun-
light getting access to it. Contrast Regent Street with
Northumberland Avenue, that drafty, gloomy gorge of
bricks and masonry, in which the only really pretty
building is the cabmen’s shelter at the end. It is mere
waste to erect fine buildings in situations where they
cannot be seen without effort. Every good building
ought to have a proper ‘setting.” How would West-
minster Abbey look without its greenery and turf? Can
any building look really well without some verdure or
floral decoration? Can any building that has them
look really ill? In London our buildings are getting
too high for their confined situations; they block out
the sunlight, their many chimneys foul the air with soot,
and, as a consequence, our palaces are grimy, and gar-
dening, the most beautiful and the most health-giving
of all arts, has become impossible. Wandering in the
streets of London, and looking at the dim outline of our
grimy public buildings looming through the mist, one
is reminded of the lines from the opening of ¢ Mac-
beth ’ : —

Fair is foul, and foul is fair :
Hover through the fog and filthy air.

When the air of a city gets so foul as to hinder and
arrest vegetation, we are hygienically in a ¢parlous’
state, as Touchstone would have said. Not only do the
green leaves of plants absorb earbonie acid from, and
give off oxygen to, the air, but their roots are no less
useful in draining and purifying the soil upon which we
live. We have heard a good deal about the dangers of
an impure soil, and the invariable advice with regard
to it is to put something which is impermeable, such
D2
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as concrete or asphalte, to prevent the rising of possible
impurities from the earth. This is analogous to putting
dead bodies into impermeable coffins, whereby the dan-
ger of their decomposition is not prevented, but merely
delayed. The only way to purify the soil is by cultiva-
tion, aeration, and the growth of plants. I believe that
an evergreen creeper, such as ivy, does more to keep the
foundations and walls of a house dry and pure than do
any of the patent impermeable applications.

As London, in spite of all its ¢ betterments,’ is getting
steadily less habitable year by year, there is very properly
a growing tendency to sleep out of town and journey to
and fro to business. Not more than 87,000 people sleep
in that square mile which we call ¢ the City ;’ but as more
than 800,000 find permanent daily occupation there, it is
obvious that there are some 260,000 daily workers who
have to be transported to and from the suburbs. If we
reckon cost and loss of time in transit, 1t will not be an
extravagant estimate to suppose that this journeying
involves a loss of one shilling per head per diem, or,
collectively, 13,000l. a day, 78,000l. a week, and over
4,000,0007. per annum. When a man lives out of town
he becomes a slave to a railway company, he has to be
punctual himself in order not to miss trains which are
seldom punctual, and he finds out what it is to bear
‘the whips and scorns of fime.” As he wastes his time
in being shuttled to and fro he must be queerly con-
stituted if he does not wish for the good old times when
it was possible to ‘live over the shop.” Our modern
facilities of communication cause us to be always in a
hurry, and it is certainly a suggestive fact that having
invested nearly 1,000,000,000!. in railways, on which
we go shrieking to and fro; having so perfected the
penny post that it has become a veritable nuisance with
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its endless delivery of documents, which are mainly
worthless waste paper in the form of advertisements ;
having annihilated time and space by the telegraph and
telephone ; and having abolished darkness by means of
aas and electricity—there should arise an ominous ery
for a limitation of the hours of labour and a demand to
do by Act of Parliament that which, ‘in the good old
days,’ the sun did for us.

There is yet another consideration which shows the
cost of overcrowding houses. When growth oceurs in an
organised body, such as a tree or an animal, all parts
inerease pari passu, and there is no necessary loss of
health or vigour. But in a city growth is more like an
inflammatory swelling, the cells of the part inerease,
while there is no adequate increase of the channels which
bring nutriment. Stasis is apt to occur, and unless
relief be given by surgical means the death of the part
will follow. The modern city is ever in need of surgical
interference ; new thoroughfares have to be cut in order
to give relief to congested districts, and these operations
can only be carried out by means of an expenditure of
money which is simply appalling in amount. The at-
tempt to improve the sanitary state of a city by a process
of ¢ Haussmannising ’ must be futile. If we make a fine
boulevard through the slums the inhabitants are merely
piled in heaps on either side ; the width of the street is
increased by increasing the overcrowding of inhabitants
under a common roof, which is the greatest of all sani-
tary evils. Not long since a scheme was foreshadowed
in one of the magazines for turning the Euston Road into
a boulevard by appropriating all the front gardens and
back yards, and erecting huge tenement houses on either
side. No proposition could be worse from a sanitary
point of view. It cannot be too earnestly insisted upon
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that the air of the grimiest back yard is better than that
of any room, even though its (generally closed) windows
command a view of a stately boulevard. The breathing
of fresh air, so important to all, is doubly important
to very young children. Children under four are too
young to play in the streets; their mother’s home duties
are too arduous to allow her to take them to the park,
and the little girl who might do so has been driven to
school by the law. The result is that the little children
have to breathe the fetid air of a small living room from
week’s end to week’s end, instead of being able to play in
a little yard, where the mother could wateh them through
the open door, as formerly was the ease. The value of
an open space is largely in proportion to its proximity to
the dwelling. A little back yard or garden of one’s own
is worth infinitely more than Hyde Park a mile off, and
the old graveyard converted into a garden a hundred
yards down the street is far more precious to the
poor town dweller than Epping Forest or Burnham
Beeches.

This mention of disused graveyards leads one to say
a few words on the disposal of the dead. Cremation is
just now being strongly advocated, but on insufficient
grounds, and for the following reasons:—1. Rational
earth burial has never been shown to be produective of
any evil, and the facts of bacteriology point to the con-
clusion that it is not a source of danger to the living.
Even the scandalously irrational burial which has been
permitted in the past has caused very little definite
mischief, not even in those cases where the act of conse-
cration has not been able to keep off the dangerous
invasion of the graveyard by the railway contractor. 2.
Cremation is wasteful, and involves a needless expen-
diture of fuel, and would help to still further pollute
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the air of our cities by products of combustion, always
poisonous to breathe, and not always odourless. Dead
bodies should be left to nitrify in the earth and provide
nourishment for trees which, while affording us timbex
and firewood, would at the same time effectually cleanse
the soil of its impurities and render it fit to be used for
burial a second time. The advocates of cremation say
that this economic argument is false because the products
of combustion are indestructible, and must ultimately go
to nourish plants somewhere and somehow. This is
doubtless true, and by parity of reasoning we might do
well to throw our money into the street instead of paying
it info the bank, and we might advoecate the fertilising of
the market gardens round London by setting fire to the
manure in the London mews. 8. The necessity for
burying the dead which hitherto has existed has had the
indirect effect of separating the living and preventing to
some extent the overcrowding of houses. If our ceme-
teries are to be replaced by furnaces with tall chimneys
pouring noxious gases into the air, and if the ground
which would be oceupied by cemeteries is to be covered
by houses, it is clear that we shall gain nothing from a
sanitary point by the introduction of cremation. 4.
Although the writer is a professor of medical jurispru-
dence, he thinks the objection that eremation will enable
the poisoner to escape defection is a minor ::anﬂﬂhﬂh,
though real.

The overcrowding of houses means loss of liberty,
for the closer we crowd together the more likely we are
to suffer from the sanitary negligence of others, and the
more necessary does it beecome to regulate our actions by
by-laws and Acts of Parliament. I need hardly insist
on the fact, so ably enforced by Herbert Spencer, that
personal liberty is necessary for social evolution, and
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that Acts of Parliament are evils only to be tolerated for
the avoidance of greater evils. The growth of Aects of
Parliament of late years, and the new offences which they
constitute, was recently forcibly pointed out by the chief
constable of Liverpool in a letter to the Times, in which
he stated that in 1890 there were as many as 11,279
cases in Liverpool under the Education and Health Acts
alone. Overcrowding has necessitated the compulsory
notification of disease and the appointment of a crowd of
inspectors, and there are those who wish to compel us to
take out a license for our houses, which is only to be
given when they are fitted with the particular sanitary
apparatus which happen to be in fashion. It is well to
bear in mind that the overerowding of which I am
complaining is largely the result of compulsory Acts of
Parliament which curtailed our liberty in the matter of
water-supply and sewerage, while they gave to the
speculative builder opportunities by which he has not
failed to profit. When a couple of years since the in-
fluenza made its reappearance among us, a distinguished
engineer wrote to the papers with the kindly object of
comforting us by the assurance that the perfection of
our sanitation would certainly lessen the ravages of the
epidemic. It need hardly be said that the author’s
opinion was directly opposed to his, for influenza being
an air-borne disease, and the overcrowding of houses and
the fashion of many families living under a common
roof having largely developed since its last appearance,
it seemed probable that the epidemic would be more
severe than formerly, and more difficult to eradicate.
Can nothing be done to check the overecrowding of
houses and persons ? Although we have passed many laws
for the improvement of the public health, we have not
sought as yet to put any very severe restraints on the
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builder and landowner, and we have not sought, as
would seem but reasonable, to limif the number of
inhabitants who may be accommodated on a given area
of land. It is the object of all traders, whether they be
public companies or individuals, to have the largest
number of customers on the smallest possible area, and
therefore any attempt at restriction cannot be popular.
Neither would such restriction be popular with the
sanitary authorities, who have to collect rates; for rate-
able value is unfortunately directly proportionate to the
overcrowding of houses on a given area. We have bor-
rowed large sums of money, and the rates have more
than kept pace with our sanitary progress (the rates of
the author’s own-house have risen more than 30 per
cent. in the last twenty years), and as houses pay rates
the authorities encourage building by every means in
their power ; they foster overcrowding and perhaps call
it ¢ betterment.” Sanitary authorities are now being en-
couraged to embark in business as purveyors of water,
gas, electricity, and locomotion ; and as their success
in business will depend upon the number of customers
they can crowd into their respective areas, they are
likely to be more biassed than ever in favour of over-
crowding.

One of the functions of a sanitary authority is to
protect the public from the rapacity of public companies ;
and one would fear that the desire to make money out
of the needs of the inhabitants must hamper the judg-
ment and impartiality of the authority. This fashion of
sanitary authorities to become purveyors must be re-
garded as an interesting socialistic experiment, but not
one which is likely to conduce to the public health or
public convenience. We have many sanitary laws, and
the present does not seem the time to advocate a return
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to the liberty of the past. Unless the sanitary condition
of our towns is to get steadily worse, we must have a
law to prevent overcrowding. Such a law seems to me
to be the necessary complement of all the others. It
seems needful to insist that every building shall have a
minimum curtilage in proportion to its cubiec contents,
and it is evident that any such rule, to be of value, must
be of universal application throughout the country.
Such a rule, we shall be told, is impossible because of
the high price of building land in ecities; but to this
objection the answer is that the exorbitant price of
building land is the result of the absence of any such
rule. The value of building land is, c@teris paribus, pro-
portionate to the number of inhabitants it will accommo-
date ; and if the accommodation of a given area is to be
unlimited, the price of land will be almost unlimited also.
It is evident that any rule for making the minimum
curtilage proportionate to the cubic contents must not be
too exacting, and must be very simple and capable of
universal application. Suppose we were to say that the
curtilage of a building shall in no case be less than an
area expressed by a figure representing 1 per cent. of the
cubic contents of the building. This is certainly a very
modest demand. Let us see how it would work. By
such a rule as this a building like the Masonic Hall at
Chicago, which is 114ft. x 117ft. x 265ft., and which
(to take round numbers for simplicity) contains about
3,500,000 cubie feet, would require 35,000 square feet of
curtilage, and since the area of the building itself is
13,000 square feet, the size of the entire plot of ground
which it would require would be 48,000 square feet, or
about an acre and one-eighth. Assuming that this
building can accommodate 1,000 persons (probably a low
estimate), it is evident that, even with the compulsory
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curtilage which I suggest, we should still have a condition
of overcrowding on space which must be regarded as
indefensible.

The average London dwelling-house, which has about
twenty feet frontage with a height of sixty feet and a
depth of fifty feet, contains 60,000 cubic feet, and ought,
according to the rule I have suggested, to have a
minimum curtilage of 600 feet—a.e. a back yard as wide
as the house, and thirty feet long. Such a house would
accommodate about ten persons, and would occupy 1,600
square feet of ground, or, with its necessary proportion
of street, 2,200 square feet, or, as near as may be, the
twentieth of an acre. Even under these circumstances
we should have 200 inhabitants to the aecre, which is a
number certainly largely in excess of what ought to be
allowed. It is evident that, unless we know the maxi-
mum number of inhabitants which is to be permitted on
a given area, it is impossible to make any reliable calcu-
lations as to water-supply and sewage disposal. It does
not seem to me more unreasonable to set a limit to over-
crowding houses on a given area than it is to require a
definite cubic space for the inhabitants of common
lodging-houses. This rule could not, of course, be applied
to existing houses, but the ecubic contents of such houses
or of houses built to replace them ought not to be
suffered to be increased unless this rule or something
like it be observed. If we allow the cubic contents of
buildings to be indefinitely increased, regardless of the
question of curtilage, as is being done in every part of
London, it is certain that the condition of public health
must steadily deteriorate. To imagine otherwise would
be to give the lie to those elementary facts of physiology
and hygiene which are universally admitted. To pur-
chase plots of vacant ground at exorbitant rates, and
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miscall them ¢lungs,’” is no true remedy for over-
erowding. The only true remedy is to have the open
ground dovetailing with the houses. Let wus also
remember that overerowding in the daytime 1s no less
harmful than overcrowding at night. The citizens of
London have seldlom had an eye to anything except
immediate profit. They allowed Moorfields and the
Drapers’ garden to be sold for enormous sums, without
a thought for the health of the thousands of young men
and women who daily toil in that overcrowded spot
called ‘the City’; and they have taken no heed of the
Registrar-General’s returns, which are telling them that
the death-rate at the prime of life (i.e. between the ages
of thirty-five and sixty-five), which has been steadily
rising for the whole kingdom, is nearly 70 per cent.
higher in London than it is in the best country districts.

No regulation other than the insistence upon a
proportion being observed between cubic contents and
curtilage would serve to check overcrowding. An arbi-
trary rule to limit the height of buildings is not suffi-
cient, because if the builder be not allowed to soar he
will commence to burrow, as he is doing in Chicago, and
as he has done for many years past in London. A ery-
ing need in London is for back doors and back streets
between the houses for delivering goods, and beneath
which could be laid the various subterranean pipes and
wires, the repairing of which is so frequent a cause of
blocking the main thoroughfares. A system of back
streets would do more to facilitate the traftic of the tho-
roughfares than a similar addition made to the width of
the main streets.

It will be urged that these views are impracticable,
because overcrowding is necessary for business, and it is
indeed asserted by some that the commercial prosperity
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of this country and of Amerieca is largely due to the fact
that the business men are content to literally crawl over
each other in an ecstasy of frenzied competition which is
making existence a burden. It is certain, however, that
this question of overcrowding on space is one which must
be dealt with in the future in no niggardly spirif, and
that our national and commerecial prosperity very largely
depend on our willingness and ability to face it. The
inadequate housing of the working classes has probably
more to do with their chronic discontent than is gene-
rally supposed. A real ‘home,” be it remembered, 1s a
very different thing from a room in a barrack. A home
that is clean and bright and beautiful, the beauties of
which have increased year by year under the owner’s
fostering care, where the children have space to grow up
healthily, and where there is some escape from the dirf
and din of the workshop—a home in which if is possible
to take a pride, and which is a source of daily pleasure
'is something which a man will weigh carefully in the
balance before he lightly determines on throwing up his
employment. A decent home without sufficient space is
impossible, and the sooner that great industrial com-
panies and employers of labour grasp this idea the better.
That the labouring classes are beginning to grasp it is
shown by the recent agitation in the East-end of London
against replacing the two-storeyed houses by industrial
barracks. The fashion of piling people in heaps, and
offering them libraries and bagatelle-tables as a compen-
sation, must come to an end, and one looks forward
hopefully to the working of the Allotment Act, especially
when it is recognised that the proper place for the allot-
ment is round the house. Thirty perches (rather less
than a fifth of an acre) is the maximum amount of
garden which a man can cultivate at his leisure, and 1t
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is the little bit of garden which converts a dwelling into
a home, which provides a delightful occupation for a
man’s leisure hours, which freshens the air round the
dwelling, which keeps a man from the tavern and the
sixpenny betting hell, and which is capable of turning
all the refuse of the house into profitable garden produce.
Not much improvement is to be looked for until the con-
science of the educated and upper classes has been
roused. As long as persons in high position are content
to leave their broad acres and swelter for the season in
highly decorated ¢bijou residences,” where the servants
are poked away underground or in miserable atties, not
much improvement can be expected. Many of the
persons who come to London for the season are philan-
thropists whose hearts ‘bleed’ for the miseries of the
East-end. These people forget that when they come to
town they make it necessary for humbler people who
minister to their wants to come to London also; and
that, if they who are wealthy are content to live on a
very insufficient area, their poor dependents must neces-
sarily be packed together in great discomfort and at the
cost of their physical and moral well-being. Let those
who are sorry for the state of overcrowding in cities stop
out of them, and spend their incomes in the country.
If they can succeed in making those who live round them
in the country happy and contented, and thus check
the rush for the towns, they will do infinitely more
good than by subscribing to city missions or ¢ People’s
Palaces.’” Unless we can succeed in checking the over-
crowding of cities by some such regulation as that which
has been suggested, it is probable that all the money we
have spent and are spending on so-called sanitary im-
provements is money thrown away, and that, in so far
as modern hygienic methods have enabled people to live
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closer packed than heretofore, they have worked mis-
chief rather than good. Those who have the control
of developing distriets will do well to keep them as rural
as possible, and encourage private gardens by every
means in their power. The house ought to be taxed in
proportion to its size, and not the garden round it; for
a garden is a great boon in a fown, even to those who
do not own if, because it serves to keep the dwelling-
houses asunder. A person who owns a garden may, if
he be so minded, be quite independent of the sanitary
authority ; and a wise sanitary authority will do well,
by a remission of taxation, to encourage him by every
means in its power. So long as sanitary authorities are
content merely to encourage the jerry builder by clearing
up his messes and making good his deficiencies, not
much improvement is to be expected. Such policy may
be ‘ good for trade,” but it is not good for the public
health.

Finally, one hopes that it may be increasingly pos-
sible for a man to own his dwelling and the ground
around it, and that the transfer of land may be much
facilitated. Without wishing to embark on a discussion
as to the relative advantages of large and small holdings,
it seems necessary to point out that no one is so likely to
do justice to the land and to improve it as the absolute
owner, whether he owns a thousand acres or only one.
If a man owns a bit of land, be it farm or garden, he is
bound in self-defence to make the best of it, and he can
have no object in quarrelling with, cheating, or shooting
his landlord. This last is a point which political econo-
mists not unfrequently neglect. We are often told that
large holdings are more economical than small ones, and
it is pointed out that on the farms of our large proprietors
the yield per acre is greater than the yield on the land
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of the peasant proprietors of France or elsewhere. Our
big farmers, however, have not of late years grown rich,
and it is doubtful if free trade is the sole cause of this.
Is it not possible to farm too high for profit ? We may
drive a steamship ten knots an hour at a profit, but lose
by attempting to get fifteen knots out of her. So I faney
that much of the profit of farming 1s frittered away in a
lavish expenditure on artificial fertilisers, in the desire
to get excessive crops. Small holdings and gardens and
what has been called the dovetailing of the houses and
the land, have two advantages which are often lost sight of.
The first is, that the producer and consumer are largely
identical, so that the middleman and free trade are alike
powerless to do him harm. The second is, that all the
refuse of the house is available for the land, and in pro-
portion toits amount is the expense of buying ¢ artificials’
and the risk of keeping stock done away with. The key
to good agriculture is thrift, and no arrangement more
thrifty than that which has been indicated can be con-
ceived. The key to good sanitation is agriculture, and
therefore no effort should be spared to maintain a rural
element even in our great industrial centres.
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CHAPTER III

ON THE SHORTCOMINGS OF SOME MODERN
SANITARY METHODS

Tue chief aim of sanitarians has ever been, and ever will
be, the securing for the masses of the people the two
chief necessities of life—pure air to hreathe, pure water
to drink. Whether or not we are able to secure these
two necessities depends very largely upon the method
which we adopt for the treatment of putrescible refuse ;
and it is to this point, and the modern fashion of mixing
putrescible refuse with water, that the present chapter
will be devoted.

It may be well to remind the reader that all dead
organic matter is putrescible, and that, when putrescible
matter is spoken of, all organie matter, inclusive of exere-
ment, 18 meant.

Nature moves in a cirele, animals feed on each other
and on vegetables, vegetables feed on the dead bodies of
animals and vegetableg, and on the solid and gaseous
excrements of animals. Animal and vegetable life are
complementary, and mutually support each other. This
is a law of nature, and in making this assertion I run no
risk whatever of being contradicted.

The laws of nature are inexorable ; i.e. they are not
to be set aside by human prayers—not even by that best
of all prayers, labour. Those who disobey the laws of

E
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nature, or who enter into a contest with her, are sure to
be worsted in the end. If we fight with nature we eourt
calamity.

Those who fight with nature may be compared to
Sisyphus, who, according to the old mythology, was con-
demned in the lower world to a never-ending contest with
the force of gravity—

With many a weary sigh and many a groan
Up the high hill he heaves a huge round stone ;

The huge round stone resulting with a bound,
Thunders impetuous down, and smokes along the ground.

By means of great expenditure of time and money,
we may wage for a period with nature a war which may
be apparently successful. The war can never be really
successful, it will never terminate, nature in the end will
assert her eternal sway, and erushing defeat must be our
lot.

As the inevitable destiny of putrescible matter is to
become the food of vegetables, a destiny which we can
delay at the most only for a brief period, our proper
course in dealing with it is clearly not to attempt to pre-
vent or even to delay the inevitable. Such a courseis to
disobey the laws of nature, to fight with her and courf
ultimate defeat. Our wiser plan is to help nature in her
work, and thus win her smiles,

It has been the wise custom in all ages of the world
to dispose of putrescible matter by burial in the earth,
Dead bodies have in all ages been buried, and the
greatest of all lawgivers and sanitarians, Moses, gave
most explicit directions that excremental matters should
be treated in the same way.

This is a not unimportant fact, and although we do
not in this country follow the whole of the Mosaic law,
nevertheless, that law is so pregnant with marvellous
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wisdom, that we ought not to discard any item of it with-
out first questioning ourselves most strictly as fo our
reasonableness in so doing. The latest advances of
modern science seem to show that in this particular
Moses was absolutely in the right.

It has been shown, I think conclusively, that the
decomposition of organic matter, whether in the earth,
air, or water, is brought about by minute fungoid organ-
isms, the growth of which has the effect of resolving the
highly eomplex organic compounds into soluble salts or
gaseous bodies, which can be absorbed by the roots of
plants.

Now when putrescible matter is huried in the earth
it undergoes decomposition without the occurrence of
putrefaction—that process which is at once offensive to
the senses and dangerous to health. This is effected by
means of fungi, which produce oxidation of the organie
bodies. If sufficient air has access to the pores of the
soil, and if sufficient moisture be present, the nitrogen
takes oxygen to form nitric acid, and this, combining
with the bases, forms soluble nitrates. The carbon also
in a similar way forms carbonic acid and carbonates.

A good account of these active organisms which are
ever present in the soil will be found in a paper by
Professor Wollny,' of Munich. These organisms are so
incalculably numerous that their aetivify must be ex-
ceedingly widespread. Koch found enormous quantities,
even in winter, in the soil not only of crowded places
like Berlin, but in that also of remote fields. Af the
observatory of Mont Souris 750,000 were found in a

gram of earth, and at Genevilliers from 850,000 to
900,000.

! ¢ Ueber die Thiitigkeit niederer Organismen im Boden,” Deutsche
Vierteljahrsschrift fiir dffentliche Gesundheitspflege, vol. xv. p. 709, 1883.
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If the action of the microbes be checked by antisep-
tics, the vapour of chloroform or heat (100°C.), the
chemical changes in the earth cease.

That the formation of nitrates and carbonic acid
from organic matter in earth to which air has access 1s
due to microbes has been proved by direct experiment.
When, however, organic matter is mixed with earth, and
air is admitted in insufficient quantity or entirely
excluded, the decomposition is of another kind; and
besides small quantities of carbonie acid and carburetted
hydrogen, there is formed water, ammonia, free nitro-
gen, and a great quantity of a black carbonaceous peat-
like maftter (the so-called sour humus).

Schlosing found that the nitrie acid in the soil dis-
appeared when the air was replaced by nitrogen.

The kind of organism seems to vary with circum-
stances. As long as air is freely admitted, the mould-
fungi (Schimmelpilze) preponderate; and when air is
excluded, the schizomycetes (spaltpilze) inerease.

The formation of nitrie acid in organic earth mix-
tures depends on the amount of oxygen which is present
in the air admitted. Thus Schlosing found by experi-
ment that the formation of nitric acid varies as under :—

Ozygen . . 1:59 6 11, b S8
Nitric acid . 45°7 m.g. 957 132'5 2466 1626

The nitrification which took place with a limited
supply of oxygen was due probably to the air already
mixed with the earth before the experiment began.

Miller and Boussingault have shown that no nitrifi-
cation takes place in thoroughly soaked earth to which
little air has access, and that when oxygen is absent the
nitrates in the earth are reduced. The formation of
carbonic acid also depends upon the admission of air
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(containing free oxygen), but some carbonic acid is
formed even though all air be excluded.

Oxygeninair . . PureN. 6% 11 18 21
Carbonic acid . . 93 m.g 159 16 166 16

Nifrification is assisted by a moderate amount of
moisture. It attains its maximum when the moisture
reaches 33 per cent., and above and below this the
process of nitrification and formation of carbonic acid is
hindered.

Temperature has a great influence on oxidation in
the earth. Oxidation reaches a maximum with a tem-
perature of about 50° C. (120° F.), and stops at 55°.

Oxidation goes on most quickly in the dark.

Thus, oxidation depends not only on the presence of
the organisms, but also on the presence of other factors,
such as suitable aeration, suitable moisture, suitable
temperature.

These factors may all be suitable, or some may suit
and others may not suit the oxidation process.

The decomposition of organic matter in the soil 1is
governed by that factor which is at its minimum.

The process of decomposition is much influenced by
the physical condition of the soil, as, ¢.g.—

(@) Permeability for air and water.

(b) Nature and permeability of subsoil.

(¢) Slope.

(d) Aspect.

(¢) Warmth dependent on aspect, mineral composi-
tion, colour and moisture and nature of the ecrop.
Barren soils are warm, while those covered with green
crops are cool.

That the variations of the ground water have a bear-
ing on the oxidation processes cannot be doubted, when
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we reflect that the soaking of the upper layers of the
earth is much influenced by the height of the ground
water. When all the layers of earth are soaked, putre-
factive processes, through the medium of schizomycetes,
take place. When the ground water falls, and the air
again enters the pores of the soil, the growth of those
organisms is favoured which assist in the oxidation of
the so1l.

All changes which organic matter undergoes in
the earth are thus seen to be brought about, almost
exclusively, by the life of organisms, the activity of
which is ruled by the same natural laws which govern
the growth of higher plants. There ecan be no better
illustration of the true economy of nature than this
action of the microbes in the soil on the conversion of
organic matter into soluble salts and gases which serve
as food for plants.

The growth of the microbes depends upon the con-
currence of those conditions which, by experience, we all
know to be favourable to the growth of higher plants.
There must be a good supply of free oxygen, sufficient,
but not too much moisture, and a summer temperature.
In well-tilled ground, broken up so as to admit air to its
pores, and in a ¢ fine growing season,’ in which sunshine
alternates with showers, this process of oxidation is at
its maximum. The microbes are active beneath the
surface manufacturing plant food from organiec matter,
and the favourable conditions above soil and below cause
a vigorous growth of crops.

When, on the other hand, the weather is unfavour-
able, and when in consequence of excessive cold, excessive
drought, or excessive wet, crops are not developed as
they should be, the microbial life is also checked, and
the change of the organic matter is delayed, and if is
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stored up for future use in more favourable seasons.
This is the explanation apparently of the fact well known
to farmers, that the effect of organic manures is more
permanent than that of the so-called artificial manures,
which at present are so much in vogue. The organie
manure remains entangled in the soil, and is not readily
washed out of it in winter when the temperature is low,
or even in unpropitious summers. It cannot be washed
out until microbial growth has changed it into soluble
salts, and when this change takes place, which it doesin
‘good’ weather, the roots of the growing plants seize
hold of the ever-forming soluble salts and appropriate
them to their own use. In fact, the farmer who uses
organic manures from the farmyard or elsewhere need
trouble himself very liftle with agricultural chemistry or
experiment.

He may feel cerfain that if he buries his organiec
manure directly it is produced it will not be wasted. It
will not give off ammonia to the air, nor will the juices
be washed away by rain to the same extent as when it is
lett above ground to be a nuisance. There seems to be
no doubt whatever that all heaps of manurial matter
which give off ammonia and other gases to poison the
air, and perhaps do more serious mischief, are allowing
valuable matter to escape, which ought to be undergoing
oxidation in the earth. There can be no doubt whatever
that to the agriculturist stink means waste, and it is to
be hoped that, when the bucolic mind has imbibed this
great and important truth, the country will be more
evenly pleasant than it is.

The reason why farmers allow putrescible matter to
fester in heaps appears to be—

1. That the matter has to wait until land is clear and
circumstances permit of its being dragged to the fields;
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and (2) that when the matter is thoroughly rotten and
most offensive, a more rapid and visible result is produced,
notwithstanding that the total result is probably less
than if it had been applied to the ground at once. It
is certain that putrescible matter intended for manure
must waste more above ground than when buried im-
mediately beneath it. Rich farmers are now building
sheds over their yards to prevent the access of rain to
the manure, and are providing tanks for the reception of
liquid which drains away. This involves a very great
expense, and it is at least doubtful whether the result is
better than that got by the immediate application of such
matters to the soil—a process which involves no extra
expenditure of any kind—a most important matter,
because the only acceptable test of good husbandry is the
balance-sheet.

Mr. Warington, F.R.S., in his valuable little book on
¢ The Chemistry of the Farm,’ says: ¢ The most complete
return to the land would be accomplished by manuring
- it with the exerements of the men and animals consum-
ing the crops’ (p. 28); and again, ‘Farmyard manure
is a “general ” manure; that is, it supplies all the
essential elements of plant food. . . . The effect of farm-
yard manure is spread over a considerable number of
years, its nitrogen being chiefly present not as am-
monia, but in the form of carbonaceous compounds,
which decompose but slowly in the soil.’

The immediate return 1s often less than when arti-
ficial manure, consisting of soluble nitrates and phos-
phates, is used, but the important point seems to be that
the return is tolerably sure to come in the long run.

The late Professor Voelcker, in the article * Manure’
in the ¢ Eneyclopedia Britannica,” gives an interesting
table of the experiments of Sir John Lawes and Dr.
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Gilbert, spreading over a period of twenty-four years, in
which is shown the effect of different manures on crops.
The most successful results with artificial manure were
got by applying nearly 1,400 1b. weight per acre of mixed
ammonia salts, superphosphate and sulphates (potash,
soda, and magnesia). With this manure there was an
average production of 374 bushels of wheat, weighing on
an average 59 1b. per bushel, and multiplying these two
figures together we may say that the production of wheat
averaged 2,212-5 1b. The production of barley averaged
411 bushels, weighing 53% 1b., and multiplying these
figures we may say that the average production was
2,588 Ib. Where the land was manured with 14 tons
of farmyard manure the average production of wheat
was 351 bushels, weighing 60 1b., giving a figure of
2,115 1b., and of barley, 48% bushels, weighing 54§ 1b.,
giving a figure of 2,650 1b.

This farmyard manure, when used for wheat-grow-
g, gave a yield of 97 1b. less than when the best arti-
ficial manure was used ; and when used for barley-grow-
ing it gave 62 lb. more than when artificial manure
was used. These figures are certainly not such as should
discourage us in the use of farmyard manure, especially
when we remember that the average agriculturist is not
likely to apply his artificial manures with the knowledge
and judgment of Messrs. Lawes and Gilbert; and that
in the use of farmyard manure it is not easy for him to
go very wrong. Again, farmyard manure is stuff which
must be used, while chemicals are things which must be
bought, and need to be analysed when bought.

Among the ¢ Memoranda’ (issued in June 1891) of
results obtained by Sir John Lawes at Rothamstead
will be found the following, which still further bears out
the point in question. Barley and wheat have hoth been
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grown continuously upon the same land for thirty-eight
years, upon a series of experimental plots, each plot being
manured with different mixtures of chemical manures,
with farmyard manure, or (in the case of one plot in
each) left unmanured continuously. The results are
given in tabular form, in which is set forth the average
yield of each plot for the whole thirty-eight years and
for each half of the thirty-eight years (nineteen years
1852 -70, and nineteen years 1871-89).

There are in all (of barley and wheat) fifty-five plots of
which these particulars are given. The most important
fact seems to be that onfifty-four of these plots the average
yield, whether of barley or wheat, was less in the second
nineteen years than in the first nineteen years, showing
that the fertility of the land had in every instance except
one deteriorated. This solitary exception is the plot
upon which barley has been grown continuously, and
which has been manured year after year with fourteen
tons of farmyard manure to the acre. Upon this plot
the yield for the first nineteen years averaged 48 bushels
of dressed grain and 27% cwts. of straw per acre, while
for the second nineteen years the average was 4921
bushels of dressed grain and 29§ cwts. of straw.

The most successful of the artificially manured barley
plots was No. 4, A.A.s., which had been dressed eontinu-
ously with 275 1b. nitrate of soda, 400 lb. silicate of soda,
200 Ib. sulphate of potash, 100 Ib. sulphate of soda, 100 1b.
sulphate of magnesia, and 3% cwts. of superphosphate.
Upon this plot the yield for the first nineteen years aver-
aged 50} bushels of dressed grain and 30} ewts. of straw,
while for the second nineteen years the average was 443
bushels of grain and 28} cwts. of straw. Upon most of
the other plots the yield was far inferior to the above, and
upon the plot which had been unmanured continuously the
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average yield for the first nineteen years was 20} bushels
of grain and 117 cwts. of straw, and for the second nine-
teen years 13} bushels of grain and 7 cwts. of straw.

On the plots devoted to wheat the average yield in
the second nineteen years has, without exception, been
less than in the first nineteen years, and the plot manured
with farmyard manure does not show that pre- emmence
of fertility which is the case with the barley.

Thus, on the most productive of the artificially
manured wheat plots, the yield in the first nineteen
years averaged 39 bushels of grain and 413 ewts. of straw
per acre ; and in the second nineteen years the average
was 34 bushels of grain and 38% cwts. of straw. This
plot has been manured each year with 200 lb. sulphate
of potash, 100 1b. sulphate of soda, 100 1b. sulphate of
magnesia, 3% cwis. of superphosphate, and 600 Ib.
ammonia salts.

On the plot dressed continuously with farmyard
manure the yield of the first nineteen years averaged
853 bushels of grain and 331 cwts. of straw, and in the
second nineteen years 32} bushels of grain and 80} cwts.
of straw.

The object of the above extracts is to show the high
value of organic manure—which they undoubtedly do.
In the case of barley there can be no doubt on this point,
but in the case of wheat the results with organic manure
are surpassed by some of the artificially manured crops.

In the season of 1890, the results of which are tabu-
lated in these ¢ Memoranda,’ the results obtained with
organic manure were so remarkable that they deserve to
be quoted, although they have not the value of the nine-
teen-year averages.

The yield of barley on the ]._}]('Jt dressed with farmyard
manure was 53 bushels of grain and 29} ewts. of straw
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(against 47} bushels and 223 cwts. on the best of the
artificially manured plots), and the yield of wheat on the
plot dressed with farmyard manure was 50 bushels of
grain and 48} ewts. of straw against 48 bushels and 46}
cwts. on the best of the artificially manured plots. The
season of 1890 seems to have been characterised by a
rather dry spring and a rather wet summer.

It is a great mistake to suppose that farming is in
any way comparable to a chemical experiment. In ex-
periments conducted in the laboratory the chemist is
able to control all the condifions of the experiment, but
in farming the condition which above all others influences
the result, viz. the weather, cannot be controlled.

When chemical manures are used with judgment and
applied at the right moment, and when the weather is
favourable, there i1s no doubt that the result is often sur-
prising and gratifying. When, however, the weather is
unfavourable, when the drought is so great that the
chemicals cannot be dissolved, or when the rain is so
heavy that they are washed out of the soil, the result is
not encouraging. If organic manures are used, they
waste but little in bad seasons, and much remains in the
ground for next year’s ecrop. The farmer, however, who
applies chemicals in a bad season gets neither erop nor
residuum of manure for next year. Mr. Warington says
that ¢ farmers have a prejudice in favour of the latter’
(t.. organic) ‘manures, but it is clear that the quickest
return for capital invested is afforded by the former
class’ (i.e. inorganic).

Surely we have no right to blame the farmers for
their prejudice, which seems to be in all respects reason-
able. The doctrine has obtained in this country of late
years that it is good economy to waste all our home-
grown organic manure, and to import chemicals from
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South America for the purposes of agriculture. This is
a strange doctrine ; but as most of our farmers are now
too near bankruptcy to pursue this course, one may hope
that ere long they will begin to clamour for that which
we now waste so wickedly.

One more word before bringing these remarks on
farming to a close, remarks for which no apology is
needed, because their bearing on the subject of sanitation
must be obvious.

It will be noted that in the hands of Lawes and
Gilbert farmyard manure gave better results with barley
than with wheat. May not the fact that farm animals
are largely fed with barley-meal have something to do
with this? There are experiments which show that
minimal ingredients in manures are not without effects
which are often surprising. There are a priori grounds
for thinking that the best manure for barley must be the
excrement of a barley-eating animal, for in that excre-
ment must be all that is necessary for barley. If is to
be regretted that some agriculturist does not make the
experiment of growing wheat with the exerement of a
wheat-eating or bread-eating animal. As a gardener the
author has grown potatoes with the excrement of a
potato-eating animal, and certainly the result has been
most encouraging.

One has been obliged to draw illustrations as to the
practical result of burying organic matter from the agri-
cultural employment of farmyard manure, because facts
based upon exact experiments with the organie refuse of
our towns is not forthcoming.

The point to be insisted upon is this: that the proper
destiny of organic refuse is immediate burial just below the
surface of the soul.

Most of the shorteomings of modern sanitary methods
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are due to the fact that in our dealing with organic re-
fuse we commit a scientific error—i.e. we pursue a course
which is in opposition to natural law.

This error consists in mixing organic refuse with
water.

When organic refuse is mixed with water it under-
goes changes which differ widely from the changes which
it undergoes when mixed with earth.

According to Wollny, whose paper has been quoted
previously, the process of oxidation of organic matter
and the formation of nitrate take place most readily -
when a moderate amount of moisture is present. The
most favourable amount is about 33 per cent., and if the
moisture rise above or sink below this amount, the pro-
cess of nitrification and the formation of carbonie acid are
hindered. When water is in excess the amount of free
oxygen is insufficient to favour the growth of the neces-
sary fungi, and, in place of oxidation, putrefaction takes
place, with the formation of ammonia, free nitrogen,
carbonic acid, and carburetted hydrogen. Under
these unfavourable circumstances it is possible that the
nitrates which may have been formed may be again
reduced.

This process of deoxidation takes place in mixtures
of putrescible matter with water, and takes place also, it
is said, in soil which is thoroughly soaked with sewage
(i.e. putrescible matter mixed with water). In the face
of these facts, it is not to be wondered at that ‘sewage
farming,” which is farming under acknowledged diffi-
culties, has not proved a commercial success. We must,
indeed, be in doubt whether, when the circumstances are
more than usually unfavourable, it exercises any very
areat purifying action upon the putrescible mixture. In
the treatment of putrescible refuse, so that it sball not
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be a danger or annoyance, what we have to aim at ig
pitrification rather than putrefaction, and it is certain
that by mixing with water putrefaction is encouraged
and nitrification delayed.

It certainly seems to be almost incontestable that the
proper course to pursue with regard to organic refuse—
putrescible matter—is the very reverse of that which we
do pursue. We clearly ought to encourage oxidation,
and make putrefaction impossible.

Putrefaction is certainly a great cause of ill health.
It was the pufrefaction of wounds (now happily almost
unknown) which converted our hospitals into something
little better than charnel-houses. It is the putrefaction
of organic refuse mixed with water in cesspools and
sewers that causes that long list of ailments which we
ascribe to the inhalation of ¢ sewer air.’

The opinion is held by many that the dejecta of
typhoid patients and cholera patients do not become
dangerous to others until putrefaction has set in, and
such an acute observer as was the late Dr. Murchison
held the opinion that common putrefactive changes
taking place in dejecta were a sufficient cause of typhoid
independently of the admixture of any specific poison.

The putrefaction of organic refuse, when mixed with
water, has, there is reason to think, been the chief cause
of the development of modern sanitary ¢ progress.” Our
forefathers were not given to this method of treating
putrescible matter. House-slops trickled along open
gutters, and excremental matters were deposited in dry
pits. At the beginning of this century the water-closet
came into use.

Mr. W. Haywood, quoted by Dr. Farr, says: ¢ Water-
closets were invented about 1813, and became general
in the better class of houses about 1828-33. The
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custom at first obtained of building cesspools having
overflow drains put below their doming, by which means
the solid matters were retained and the supernatant
liquid only ran off.

“In the year 1849, what may be said fo be an organic
change in the system took place. In 1848 the City
Commission of Sewers obtained its Act for sanitary pur-
poses, which became operative on January 1, 1849, and
then for the first time was discharge into the sewers
legalised. Previously a penalty might have been enforced
for such a usage of them, but henceforth, within the
City of London, those incurred a penalty who failed,
upon notice, to construct the drainage of premises in
such a manner as not to discharge all waste waters and
feecal matters directly into the public sewers [i.e. directly
into the sources of water-supply], of which the full utility
was therefore for the first time recognised by statute.
This Act was speedily followed by others for the remain-
ing area of the metropolis and for the entire country.’

¢ It will be noticed,’ says Dr. Farr, ¢ that the deaths
from cholera and diarrhceea increased in Liondon in 1842,
increased still more in 1846, when the potato erop was
blighted, and in 1849 culminated in the epidemic of
cholera.’

Dr. Farr says, further, ¢ a system of sewerage is the
necessary complement of a water-supply.’

¢ Almost coincidently with the first appearance of
epidemic cholera, and with the striking increase of
diarrheea in England, was the introduction into general
use of the water-closet system, which had the advantage
of carrying night soil out of the houses, but the inci-
dental and not necessary disadvantage of discharging
it into the rivers from which the water-supply was
drawn,’
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Mortality per 1,000 from diarrhcea in London (Dr.
Farry) :

1838 . w915 1853 . . . 1011
1839 . : . 201 1854 . : . 1257
1840 . . « 288 1855 . - . 804
1841 . ; . *238 1856 . 3 . 806
1842 . ‘ . 353 1857 . : . 1-181
1843 . . 410 . 1858 . ; . 759
1844 . . *340 | 1859 . . . 19211
1845 . . . 397 1860 . s . 496
1846 . : . 997 ' 1861 . : . D28
1847 . : . 'B98 ' 1862 : . 607
1848 . : . 'B53 . 1863 . ] . 821
1849 : . 1705 l 18G4 2 . 981
1850 . : T | 1865 ; . 1206
1851 . 3 . 1-085 | 1866 . : . 1306
1852 . - . 983 | 1871-80—Dr.Ogle . . . ‘940

Thus 1 the decade 1871-80, 33,168 persons died
of diarrheea in London, the death-rate from this cause
being 94,

If the death-rate of 1838 (-215) had obtained in the
decade 1871-80, the deaths from this cause would have
numbered only 7,600, and there would have been a
saving of 25,568 lives.

Since the introduction of the water-closet, and pro-
bably, as a direct consequence of it, we have had four
severe epidemics of cholera, a disease not previously
known, and enteric or typhoid fever, previously almost
or quite unrecognised, has risen to the place of first
importance among fevers in this country.

The evils which have arisen from cesspools and
sewers has caused an enormous amount of attention to
be devoted to what are known as ‘sanitary appliances,’
sewer constructions, &c., and so great and so well recog-
nised are the evils of sewers that many of our friends are
anxious that we should be compelled, by Act of Parlia-
ment, to protect ourselves from the mischief which
previous Acts of Parliament have produced.
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Not only does the putrefaction of organic refuse
tend to fill the air of our houses and towns with foulness,
but this mixture of organic matter with water is attended
with other bad consequences.

This arises from the fact that much of the organie
matter which we mix with water is distinetly poisonous.
The zymotic theory of disease has of late years assumed
more definite shape, so that we may now leave what
was called the zymotic theory and consider the aectual
facts.

There is no doubt that the actual infective elements
of many zymotic maladies consist of microbes, fungoid
bodies belonging to the class of fungi known as
Schizomyecetes, that class which grows in organic mix-
tures.

These microbes are infinitely small ; millions of them
may live in a cubic inch of putrefying liquid. Under
favourable circumstances they will live for long periods.
They will not only live but multiply, and it is at least
a question, and a grave one, to what extent these
infective germs undergo an increase when mixed with
organic liquids such as sewage or milk.

The fact that the zymotic poisons are particulate and
alive is one which has most important bearings on the
subject under discussion. If the poison were a chemical
poison, then dilution would practically do away with its
power for harm. No amount of dilution is capable of
destroying a zymotic poison; in fact it is not impossible
that the mere mixing of organic refuse which contains
a zymotic poison with water may be the means of keeping
it alive and possibly causing it to multiply.

When a mass of organic matter, charged with
zymotic particles, is mixed with water and washed out
of a house, the water will carry the poison with it where-
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ever it may chance to flow or frickle, to watercourse,
well, or any other source of drinking water ; in fact, the
dissemination is as perfectly and thamughly done ag if
dissemination of poison were the main object which we
had in view.

When dealing with organic matter impregnated with
zymotic poisons, mere dilution with water increases
rather than diminishes the danger.

As long as the poisonous organic refuse is concen-
trated, its repellent qualities are such that there is little
chance of its gaining access to the human body. The
microbes contained in it are theoretically capable of in-
fecting an almost indefinite quantity of water, and this
large quantity of water masks the repellent qualities of
the stuff, and thus the danger of infection is greatly
increased.

This dissemination of poison by water is one of which
we have had very bitter experience in this country.

There is little room for doubt that, in this country
at least, water has been the great carrier and dissemi-
nator of the poison of cholera.

In 1849 the mortality in London was highest in those
districts getting their water-supply from the Thames
between Battersea and Waterloo Bridge.

In 1853-54 the same phenomenon wag observed. In
1866 the chief mortality was in the district supplied with
water taken from the River Lea. With regard to this
latter epidemic, we are in possession of many details, and
the following is a summary of the facts as given by the
late Dr. William Farr in his report on the cholera epi-
demie of 1866 :—

“ Several cases of cholera and choleraic diarrheea had
oceurred over London in May; and on June 27, at
12, Priory Street, Bromley, one poor Hedges, a labourer,

F 2
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and his wife, both of the age of 46 years, died of
“ Cholera Asiatica,” the former after fifteen, the latter
after twelve hours’ illness. These cases are minutely de-
seribed by Mr. Radcliffe, who traces the discharges into
a water-closet of 12, Priory Street, and thence 300 yards
down the sewer into the Lea (a tidal river which ebbs
and flows) at Bow Bridge, half a mile below the Old Ford
reservoirs. He attaches great importance to these first
cases, and they undoubtedly sufficed to pour into the
sewers and waters millions of zymotic molecules, which
day by day grew more and more frequent in the Lea, by
every hour’s choleraic discharges on both sides of the
river. A few days later water was supplied to the
district from a reservoir the bottom of which was per-
vious to the waters of the Lea, and then resulted an out-
break of cholera and diarrhcea which caused the death of
over 4,000 persons.

It is not necessary to give further instances of the
dissemination of disease by water-carried gewage, sani-
tary literature is full of them.

What is true of cholera is also true of typhoid, and
one need only say in reference to this subject that (if
we accept, as we are bound to do, the statements put
forward with regard to the cholera epidemic of 1866),
if the excreta of the Hedges’ family had been buried
or burnt, the waters of the Lea would not have been
infected, and possibly 4,000 lives would have been
saved.

The first principle in dealing with epidemic disease
is that which is expressed in the words principiis obsta—
resist the beginnings. The object of this 1s evident, and
is well expressed by Shakespeare in the words—

A little fire is quickly trodden out,
Which, being suffered, rivers cannot quench,
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The mixing of bacteria with water may be looked upon
certainly not as a resistance of the beginnings, but
rather as a nursing and favouring of them, which, ¢ being
suffered,” most surely ¢ rivers cannot quench.’

The great principle of principiis obsta has been most
rigidly observed by surgeons in dealing with those forms
of blood-poisoning which arise in connection with
wounds, and which were known as ‘hospital diseases.’
To Lister belongs the credit of recognising that the great
thing to be aimed at was the checking of putrefactive
changes in the discharges from the wound, an end which
has been attained by adopting what are known as anti-
septic precautions in the treatment and dressing of
wounds. A foul wound 1s looked upon as a great source
of danger to the patient himself, and formerly the
poisons generated in the wound of one patient were
carried by sponges and instruments (which, be it remem-
bered, were ¢ clean,” as far as any indications appreciable
by our unaided senses were concerned) to the wounds of
others; and thus it followed that the mortality from
what was wrongly spoken of as ¢hospitalism’ was enor-
mous. Now, however, putrefaction in wounds is practi-
cally at an end, owing to the use of antiseptics and to
an improved appreciation of what cleanliness really
means ; and, as a result of this, hospitalism has disap-
peared.

How marvellous have been the resulfs which have
followed on the adoption of the principle of preventing
putrefaction in wounds is well shown in a table given in
‘Erichsen’s Surgery.” This table is taken from a statis-
tical work by Max Schede on amputations, and shows
conclusively what are the advantages of antiseptic pre-
- cautions. The statement has been somewhat simplified
for the sake of those who are not acguainted with medicine,
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Uncomplicated Cases of Amputation.

0ld treatment, :‘thseptic treatment, |

|
Cause of Death 877 cases ||' 1 cases |

s

Blood poisoning . . . . . ‘ 105

Thus it appears that the mortality from blood poi-
soning under the old treatment was 28 per cent.,
while, under antiseptic precautions, it is less than 1 per
cent.

Antiseptic measures are used in other than purely
surgical cases, and to take one instance only, Dr. John
Williams has informed the author that since their
introduction into the General Lying-in Hospital the
deaths from that terrible disease, ¢ puerperal fever,” have
practically ceased.

This great result has been brought about by atten-
tion to the leading principle of principiis obsta.

In former days the treatment most in vogue for
wounds was ‘ pure’ water ; but now it is recognised that
water is pre-eminently the encourager, and sometimes
the main cause, of putrefaction, which of all things the
surgeon tries to avoid.

The foulness of our rivers is largely due to the mix-
ing of putrescible matter with water, i.c., to water-carried
sewage, and there can be no doubt that, as water-carried
sewage Increases, the difficulty of obfaining pure water
increases also. Water-carried sewage so fouled the
Thames ‘between the bridges,” that, after the bitter
experiences of 1854, the in-take of the water companies
was moved to a point above the tideway. Since then
the population all along the Thames Valley has enor-
mously increased, and if we who get our drinking water
from the Thames escape disease, it can only be regarded
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as due fo a happy accident, and not to the observance of
any fixed principle to effectually prevent the fouling of
the river. The precious liquid with which the author is
supplied from the Thames costs nearly ten shillings per
thousand gallons, and he is very careful to have every
drop which is used for drinking purposes both boiled and
filtered.

It is not possible to have much faith in the various
modes of ¢ treatment * which sewage undergoes in those
establishments which local boards love to erect for this
expensive amusement.

The addition of chemicals, if in sufficient quantity to
destroy living organisms, must make the water still more
unpotable than before, and can only be of use by making
the liquid so utterly nauseous that to drink it would be
impossible.

Mere filtration unaccompanied by oxidation cannot
be regarded as any safeguard after the experience of the
Lausen typhoid epidemic, in which the poison of the
fever filtered through a mile of earth, which was sufficient
to check the passage of particles of wheat flour. Wide
irrigation over a large area of land, as is practised in
‘ sewage farming,’ is probably the best method of treat-
ing sewage, but this cannot be regarded as absolutely
safe under all conditions for reasons previously indi-
cated.

If antiseptics have been previously added to the sew-
age, this must increase the difficulties of ¢ farming’ with
it, as, if the antiseptics have been added in sufficient
quantity to destroy disease organisms, this would effec-
tually check the growth of those other organisms upon
which the fertility of the soil depends.

It is more than doubtful whether there 1s any abso-
lute safety in obtaining water from deep wells, The



72 ESSAYS ON RURAL HYGIENE

Dudlow Lane well, near Liverpool, having a total depth
of 443 feet, was fouled by percolation from cesspools,
and percolation from a defective sewer would certainly
prove equally disastrous. Surface wells are now not
regarded as at all safe, but our suspicions with regard to
them were not aroused until after the introduction of
the plan of mixing water with putrescible matter. There
was no soakage from an old-fashioned dry pit; there
must be soakage from a cesspool or ¢ dead well.’

The only way of securing pure water is to make quite
sure that there 1s no fouling of water-sources. If this
were done, then pure water would be at once plentiful
and cheap. It is now very dear, and is getting scarcer
every day.

Dr. William Farr said, ‘a system of sewerage is the
necessary complement of a water-supply.” One would
rather feel inclined to say that an extraordinary water-
supply is the necessary complement of water-carried
sewage, because with it our ordinary supplies quickly get
fouled. In London we have effectually fouled all our
wells, and the state of the Thames 18 such that a man
must be in the very extremities of thirst or else insane
before he would drink from the Thames anywhere be-
tween Teddington Lock and Gravesend. The state of
our noble river is a deep reproach to us, and must
remind us day by day of the serious blunders we have
committed. As long as it remains as it is, we certainly
have no claim to be followed as an example in matters
sanitary. London should rather serve as a warning, as
did the drunken Helot to the Spartan Youth.

The fouling of our sources of water-supply has driven
us far afield for water, and this, no doubt, has been a
oreat cause of the lessening of our mortality of late
years, but it would be unwise to talk of security be.
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cause we have had no serious epidemic since 1866, an
absurdly short period in the history of a nation. It
must not be forgotten that pure water is as necessary
for animals as it is for man, and that, if we persist in
fouling our rivers, the poor farmer may have to pay a
‘¢ water-rate ’ for providing an artificial water-supply for
his horses, cattle, sheep, and even poultry. Many dis-
eases of animals are communicable to man, and it is
daily becoming more evident that our health is very
intimately bound up with the health of our animals, and
that their sanitary condition is scarcely less important
than our own.

From a financial point of view, water-carried sewage
has not been encouraging. 1f has increased the rates,
increased the cost of our houses, and put us to great
expense for water. The °treatment’ of sewage before
it is finally discharged into our rivers is everywhere an
expense and nowhere a source of profit, and we find that
public sewers which cost millions, cost thousands to keep
them in repair.

The sewers we have built with borrowed capital. We
have seized all the glory and patronage of disbursing
enormous sums, and have left posterity to pay the bills.
This 1s a doubtful policy, and a most immoral one, but it
18 little use to raise one’s feeble voice against the custom
which is now so much encouraged of hanging a debt
round the neck of our successors. It may be defensible
to raise a loan for building town halls, schools, and
similar edifices, of which posterity will reap the benefit,
but to raise loans for the purpose of wasting most valu-
able fertilising matter by means of works which will be
a constant expense, and never a source of profit, is a very
doubtful expedient.

It ig to be hoped that the custom will soon obtain of
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compelling each generation to bear the charge of its own
sanitary experiments—and blunders.

Sewers are constant sources of impoverishment to the
soil, and the soil, be it remembered, is the only permanent
and reliable source of wealth in any country. The waste
of valuable matter which takes place in London and our
big towns must make us blush. One could wish that
this waste were limited to our big towns, but it 1s not so.
It is common throughout the country, even in rural
districts. Free trade has made food very cheap indeed,
and cheap food, especially imported food, ought absolutely
to increase the fertility of a country, for obvious reasons
which need not be particularised. The fertility of this
country is not increasing, to judge by the agricultural
distress. The farmers are crying out for ¢ protection.’
The first kind of protection needed seems to be a pro-
tection from ourselves and from the sinful waste of
fertilising matters which local boards, municipalities, and
Imperial Parliament equally foster.

If we made a proper use of our organic refuse we
should enrich posterity. As it is, we reap and we do not
sow. If municipalities would bury organic refuse, and
plant the seed of some forest tree suited to the soil and
situation (which in these days of cheap foodstuffs would
probably be the best branch of agriculture to pursue),
they would earn the blessings instead of the curses of
posterity, and they would beautify the face of nature
instead of making it hideous with tall chimneys, pumping
stations, and precipitating tanks. This piece of advice
will, just now, fall very flat, for of all agricultural arts,
forestry seems the deadest in this country.

As a defence for gigantic sewage schemes, it is often
said that you can do nothing well without co-operation,
and this is the excuse for compelling all, whether they
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want them or not, to contribute towards the cost of
sewers.

If co-operation be for a good end, the result is a
great good ; but if co-operation be for a bad purpose,
the result is a great evil. I need say no more.

The last charge which has to be brought against
water-carried sewage is a serious one—viz. that it
encourages overcrowding in cities, which is universally
admitted to be the greatest of all sanitary evils, and one
which cannot be counterbalanced.

Water-carried sewage encourages overcrowding be-
cause it enables us to build houses with no outlet except
a hole for the sewage to run through. The growth of
London must be a source of alarm to sanitarians, and it
1s impossible not to admit that our system of sewers has
been a most important factor in its production. Look
at Charing Cross, where a street of gigantic clubs and
hotels has arisen, each without curtilage of any kind,
and where a handsome profit has been made by setting
the first law of sanitation at defiance. You will find the
came thing to a greater or less extent throughout the
Metropolitan area.

It 1s difficult to say why we are so prone to crowd
into eities. In former days we crowded behind walls as
a protection from our enemies. Those days are at an
end, but the crowding is greater than ever. The com-
mon cant of the day is that in this nineteenth century
we have annihilated time and space. Certainly in
cities both are excessively precious. The ftelegraph,
the telephone, and the steam-engine ought to have
diminished overcrowding, but they have not. The
stream 1s still mainly from the country towards the
town, the attraction being the making of money and the
spending of it.
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It may be well to glance at the effect of this over-
crowding in this city.

It is a common remark that London is a very healthy
city, and as a proof of this assertion persons point to the
death-rate, which certainly of late has not been excessive.
The London of the Registrar-General, however, is a very
extensive place, and many of the outlying parts are
almost rural in character, so that, if you want to find
the effect of living in a crowded city, it is not fair to
take London as a whole.

The author is no believer in the healthiness of
London. It is true that our death-rate has not been
raised by any great epidemic of late years, but London
is undoubtedly a city where an abundance of second-rate
health exists. The crowds that throng the doors of
hospitals increase, and in the medical profession there
is a great outery about ¢ hospital abuse,” which means,
probably, that decent folk are not able to cope with the
amount of chronic disorders with which they are beset.
Again, the mobility of the population in the present day
makes our vital statistics very uncertain. Many a healthy
person is imported into London, and being wounded in
the battle of life, returns to the country to die or recover,
as the case may be.~ There is a scarcity of very young
and very old people, and 1 order to appreciate the vital
statistics of London, great allowances have to be made
for the abnormal age distributions.

In order to judge of the effect of overcrowding, let
us look at the vital statistics of the ¢ Strand * Registration
Distriet, which i1s about the centre of London, and from
which one would have to walk very many miles to reach
the country in any direction.

The ¢ Strand’ enjoys many advantages. It is mainly
a wealthy district, extending in irregular form from
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Temple Bar to Buckingham Palace.

71

It inecludes the
whole of the Green Park and half St. James's Park.

It

has a gravel soil, and slopes gently, with exposure to the
south, to the fringe of (potentially) the noblest river in
the country. The worst and poorest parts are at the
north-east corner.

The true death-rate of a London district is difficult
to get. The Registrar-General, however, has been in
the habit of publishing quarterly the ¢ true’ death-rates
of the London districts after complete distribution of
deaths occurring in public institutions. The author has
compiled a table by which one is able to compare ¢ The
Strand ’ with the whole of London for nine quarters, and
Wlth D-::-rset (fm ten years, 1871-80).

| | | Deaths under '
Birth-rate Death-rate |

Zymoti
T : | 1Itr:lt:1-t1'::3tc ,E :_:I?I.EL:THIE
| |
| - Bl n T . el e e
London . ol 3% | 199 9% |4 16k
¢ Strand,’ und St. Mar- |
tin’s-in-the-Fields . | 237 ‘ 21-8 26 192 i
Dorset (ten  years, | | ‘
1871-80) 20°53 | 17-46 | 168 | 108

The county of Dorset has been ehosen for comparison
because it is a ¢ healthy distriet,” and if we are to do any
good we must always aim at a high standard. Again,
the Dorsetshire labourer has always been a favourite
stalking-horse for cockney politicians, and it may be
well to show how much healthier he is than the Lon-
doner, notwithstanding the rustic’s supposed condition
of chronic starvation.

This table is very interesting. Dr. Letheby said ¢ a
high death-rate means a high birth-rate, and a high
birth-rate is the invariable concomitant of prosperity.’
This dietum does not evidently apply to the Strand.

Dr. Farr, on the other hand, pointed out that a low
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birth-rate implies a small proportion of young adults
and a large proportion of the aged.” This dictum again
does not apply to the Strand, as we shall see by a refer-
ence to the next table, in which an endeavour has been
made to make corrections for the abnormal age-distribu-
tion which obtains in that district, and which Dr. W.
Ogle rightly insists is absolutely necessary before one can
arrive at just conclusions.
The table speaks for itself.

¢ The Strand '—Mean Population 1871-80 =37,461.

e

187 1-50)

Apes

at each age
lnd been normal

Death-rate of Dorset

Actual numbers living
a population of 57,600
Actual deaths in 10 years

actual pnd * normal® numbers
Death-rate at different ages

had obtained in the Strand

Treaths which would have hap-
pened if the distribution of ages

Normal age distribution for
Difference {4+ & —) between

pened if the death-rate of Dorset

Deaths which would have hap-

| —— |_ — -— — =

Under 5 8,597 5,100 —1,503 3,596 5100 99-97| 4007 | 1,440
5-10 3,134 4,500| —1,366| 390| 548 | 12-44| 4:31| 129
10-15 3.069 4012 — 943 163 212 | 531| 279 84|
15-20{ 3,824 | 3,640 + 190| 3817, 299 | 829| 4-43| 167|
20-25| 4,426 3,337 | -+1,089| 366 273 | 827| 6-65| 290
95-35 6,773 | 5,512| +1,261| 963 770 | 14-22| 7-50| 510
3545 5,121 4,237 + 884| 1,246| 1,000 | 24-33| 1048 525
45-55 3,935 3,225 + 710 1,338| 1,088 | 34-00| 13-04| 520
55-65 2,311| 2,212| + 99| 1,147 1,100 | 4963 | 24-56| 565
65-75 1,003 1237 — 234 754| 900 | 7517| 5528| 550
75 | 208 487 — 219 4-}5: 774 |158-58 151'71| 403

— e — ————

37,461 dT.dUﬂ ‘ lﬂ TI)J 12,074 2,203

me this table 1t appears tha.t there was in the
Strand during the decade 1871-80 a deficit of 3,812
children under fifteen, and of 453 of persons over sixty-
five, while there was a surplus of 4,233 persons between
fifteen and sixty-five.
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This abnormal distribution ought, according to Dr.
Farr, to give us a high birth-rate and a low death-rate.
The very reverse is the case, and a critical examination
of the figures seems to show that the death-rate in the
Strand is more than double what it is in Dorsetshire.

It may be said that this high death-rate is due to the
presence in the Strand of two hospitals (Charing Cross
and King’s College), and doubtless these have some
material effect in producing the terrible adult mortality.

Hospitals, however, are generally placed where they
are most needed, and I would point out that these
institutions can hardly account for the enormous infant
mortality ; and certainly not for the deaths of infants
under one year. Against the fact that the Strand
contains two hospitals, 18 to be placed the not less
important fact that it contains no workhouse. This
institution is at Edmonton, where it helped to raise the
death-rate from 158 to 16-9.

it need not surprise us that a population situated in
the very centre of the vastest city the world has ever
seen should have a high death-rate, and it may be well
to look to the causes of death and again to compare the
rates from different causes with those in Dorsetshire.

Death-rate from different Causes.

Stranid Dorsetzlire
Whooping- cﬂugjh : : : . 062 " - . 029
Tabes . - : - . 028 : . . 018
Phthisis . - - - ; . 365 : . .. N2
Hydrocephalus - - : . 061 - - o o 22
Respiratory disease - . 992 . ' . Fla
Total of Tubercular and Res-

piratory disease . . . 11:08 556
Small-pox ., . - : . 01 : ' « 009
Measles . - - - - . 036 - - . 020
Scarlet fever . ; ; . . 049 ! . . 033
Enteric’. . . . . . 038 , - . 019

Violence . ' . ' ' =61 » - . 0-49
Di&l‘rhmﬂ. " [l i i & 9'92 [ ] L] L] 0'3‘5
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No good would be got by extending this table. Suf-
fice it to say that there is no single cause of death in the
Registrar-General’s tables which is not more active in
the Strand than it is in Dorsetshire.

It is important to notice that the death-rate from
whooping-cough and tubercular and respiratory diseases
for the. Strand is more than double that of Dorsetshire,
a fact which is not to be wondered at in a population
the bulk of whom only breathe pure air upon the rarest
occasions, and who habitually breathe an air so foul
that the sun often fails to penetrate it, and which is
fatal to almost all flowers and a large proportion of
trees.

One of the saddest indications of the dismal state of
this overgrown city is the appeal, which is now so com-
mon in the newspapers, for funds to give poor London
children one day in the country, with of course the not
immaterial deduction of the hours spent in going and
returning.

These tables may serve to dispel another popular
fallacy, viz. that the sulphur-laden air of London has
antiseptic powers, and helps to check zymotic disease.

As a fact, those zymotic diseases which presumably
travel through the air (small-pox, whooping-cough, and
measles) are particularly rife in London. The death-
rate from these three causes was during 1871-80 :—

In London Dorsetshire
Small-pox : ; . 044 . . . O
Measles . : . . U5l . : . 020
Whooping-cough . . 081 : : o a8
1:76 0-58

In fact, the mortality caused prni)a.bly by air-borne
germs was exactly three times as great in London as in
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the healthy country district which has been chosen for
comparison.

In this chapter we have attempted to show that the
systematic admixture of putrescible matter with water is
inadmissible—

1. Because it is antagonistic to a law of nature,
encouraging putrefaction and delaying nitrification, and
there can be no successful antagonism to nature.

2. Because the putrefaction set up in cesspools and
sewers by mixing water with putrescible matter has been
a direct cause of much disease.

3. Because the practice involves the most perfect
dissemination of disease particles, and a neglect of the
great principle, ¢ principiis obsta.’

4. Because it 1s the great cause of the fouling of
rivers and wells, and makes the obtaining of pure water
increasingly difficult.

5. Because it is financially and economically disas-
trous, crippling the ratepayers and exhausting the
land.

6. Because 1t 1s one of the chief causes of overcrowd-
ing, the greatest of all sanitary evils.

It may be asked, ¢ What useful purpose can be served
by demonstrating these matters to Londoners ? London
1s hopelessly committed to the principle of water-carried
sewage, and must make the best of it.’

The obvious reply is that even London should not
heedlessly increase her already insurmountable diffi-
culfies, and that happily the whole of England is nof
yet quite absorbed into London and other cities. There
1s a very general belief throughout the country that
because London has adopted the system of water-
carriage it must therefore be the best. This idea is
unthinkingly adopted, and to its adoption the distinction

G



82 ESSAYS ON RURAL HYGIENE

of borrowing and disbursing a large amount of other
people’s money acts as a spur.

There has come within the author’s own knowledge
the case of a country town, in the midst of a poor agri-
cultural district, which clamoured for a ‘ sewage scheme’
for the purpose of polluting its sparkling water-course,
where anglers pay large sums for the privilege of trout-
fishing ; its death-rate being at the time between 16
and 17.

In the Thames Valley, the region of villas and
market-gardens, a whole crop of ‘ sewage schemes’ have
lately been put forward, notwithstanding that the more
rational methods of sanitation would be easier and
cheaper.

A few years since the author visited a lone farmhouse
which a friend wished to take for the summer, and found
that the proprietor, having taken the soil-pipe of a recently
erected water-closet into a cesspool alongside a deep
well sunk in the chalk, had rendered his house unlettable
to any thinking person ; and finally he would instance the
case of another friend who took a moor in Scotland, and
wished to have rational methods of sanitation, but the
noble owner, bitten by the modern craze for water,
would allow nothing but water-carriage, and accord-
ingly laid his filthy pipes to foul the babbling highland
burn, and deprive the soil of that of which it was in
need.

Again, in institutions such as workhouses, barracks,
schools, and the like, water-carriage is often adopted,
notwithstanding the favourable conditions for rational
methods. The ignorance of soldiers in this matter is an
acknowledged cause of the sickness and mortality during
campaigns.

There seems, in short, a very great necessity for
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directing attention to the ¢shortcomings’ of water-
carried sewage.

‘What do you propose ?’ will be the next question.
The answer is, ¢ Fair play and no compulsion.’

Great as is the good of spreading sanitary knowledge,
the author has little faith in the efficacy and a potent
belief in the dangers of sanitary legislation whereby
blunders are stereotyped.

The first thing necessary is an equitable adjustment
of sanitary rates.

Borrowing for the purpose of constructing sewers
should be disallowed, and those who do not need the
sewers should not be called upon to contribute towards
them, at least not to the same extent as others.

The present inequitable adjustment of sewer rates
18 a premium on jerry-built houses without curtilage.
Encourage the man who has a little bit of garden to
make use of if.

Enforce the Pollution of Rivers Act against indi-
viduals, even against proprietors of highland moors.

Let us have a real inspection of nuisances and a
harasging of evil-doers, and let us discourage by every
means in our power the building of houses side by side,
and almost back to back, with no outlet but a hole.

Let water be paid for by meter.

It is impossible not to sympathise with the agitations
for giving allotments to the poorer classes. The best
and most economical allotment is one close to the house,
where refuse may be buried and in due time bring
forth.

Those who advocate ¢sewage farming’ tell us that
an acre is necessary for every 100 inhabitants. How
infinitely better it would be if the 100 people could
absolutely live on the acre of ground in (let us say) twenty

a 2
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cottages, each cottage having 3% of an acre. How
infinitely better for the man to till this little plot in his
spare time than to occupy his leisure in less wholesome
pursuits.

Let us calculate the produce of this plot of ground in
terms of potato. An acre of a field will produce an
average crop of 7 tons ; the twentieth of an acre would
produce 7 cwts., or 784 1b. As these would be for home
consumption, and would save the man from disbursing
money at a retail shop, we may take the value at the
average retail price of 1d. per lb., or 3l. 5s. 4d., or for
the sake of simplicity say 3l. To give '; of an acre %o
every five inhabitants would make a town inconveniently
big, it may be said. But this would not be the case ; 100
to an acre is 64,000 to a square mile, or making a very
liberal reduction for space occupied by roads, let us say
50,000 to a square mile. This does not sound like an
inconvenient scattering of houses. The inhabitants
would make 80,000.. a year by the produce of the land,
a gain of which Free Trade could not deprive them ; and
there would be no sewer rate, no plumbers’ bills, and

certainly a vast increase of health, happiness, and con-
tentment.
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CHAPTER IV

*THE LIVING EARTH'

SANITATION In large cities is, at the best, a makeshift,
and no high level of health is attainable in a place
where the chief object of hygienists seems to be to enable
persons to live as densely packed as possible.

Those, therefore, who live in the country, and who
enjoy the luxury of elbow room, should hesitate Lefore
they hastily copy the sanitary methods of the town, and
heedlessly begin to foster overerowding, the bane of all
sanitary and social virtue.

This chapter is addressed to dwellers in the country,
because the subject—the ¢ Living Earth '—is one which
those who live on paving stones, tarred blocks, asphalte,
or macadam, have to take upon trust.

The ¢ Living Earth’! Some may ask what is meant
by this, and whether the epithet ¢ living ’ is applicable to
the dark-coloured, inert mould which the countryman
sees in the fields and gardens, and the town dweller finds
in the flowerpot which holds his struggling geranium.

The reply is in the affirmative. We have arrived of
late years at a certain knowledge of the fact that the
mould which forms the upper stratum of the ground on
which we live is teeming with life, and this fact is one
of prime importance to sanitarians.

It has long been recognised by agriculturists that the
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upper stratum of the soil differs from that immediately
below it in fertility ; and in treatises on gardening
(motably in that admirable work written by William Cob-
bett nearly seventy years since) the warning is invariably
given to be careful in trenching, not to bury the top
epit of soil beneath the lower spit, because the top spit is
by far the most fertile. The fertility in this case was
supposed to be due to prolonged exposure to air, and the
lower stratum of soil, if brought to the surface, would
only become fertile after a considerable interval. It is
interesting to observe that, although these early writers
were unacquainted with the whole truth, they had
grasped the most important fact, and their practice was
sound. This is often the case, and 1t may be regarded
as certain that we act rashly when we hastily abandon
the custom of centuries, because some new fact dazzles
us and distorts our vision.

In connection with William Cobbett, one may draw
attention to a term which he uses more than once in
the work referred to, viz. the Fermentation of the soil.
Cobbett tells us that the earth begins to ferment in the
spring, and that, before sowing, a thorough tilling and
mixing of the upper layers of the soil are very necessary,
with a view not only to the disintegration of the soil, but
to a thorough leavening of the whole mass with ferment-
able matter. There is no doubt that this term ¢ Fermen-
tation” as applied to the soil is perfectly apt, as we shall
find further on. .

The black vegetable mould which lies upon the sur-
face of the earth is largely composed of organic matter,
which is not to be wondered at, seeing that every organ-
ised thing, whether animal or vegetable, which inhabits
this globe, falls, when dead, upon the earth, and becomes

incorporated with it.
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This black vegetable mould is largely composed of
excrement, for not only 18 the excrement of the larger
animals being constantly added to it, but this and the
varied organic dé¢bris which compose it pass repeatedly,
probably, through the bodies of animals which inhabit
the earth, and especially of earthworms. Darwin, in his
book on Vegetable Mould and Earthworms, has forcibly
drawn attention to the enormous amount of work which
worms perform in the aggregate. How they disintegrate
the soil. How they riddle it with burrows, which admit
air to the deeper recesses of the soil. How their
castings, which are incessantly being thrown off, tend to
level inequalities, and gradually to bury stones or what-
ever dead inorganic matter is incapable of solution,
digestion, or disintegration. Earthworms are found
almost everywhere, and they are probably the most
important of the animals which live in the soil, but it
need scarcely be said that there are many others, and
everyone who has a garden must recognise the fact that
gardening is only carried out at an enormous sacrifice
of animal life, for with every thrust of the spade into
rich garden mould a death-blow is dealt to many of its
inhabitants.

The disintegration and aeration of the soil, which is
effected by the quiet tillage of the earth-dwellers, is of
the greatest importance to the agriculturist, for it is
hardly conceivable that the delicate rootlets of plants
. ecould grow and extend unless the soil had been softened
and pounded by the digestive fluids and the gizzards of
the earthworms and their neighbours.

Seeing, therefore, that agricultural mould has all
passed through the bodies of worms, and much of it
through the bodies of other animals antecedently, we
shall not be wrong in insisting that this so-called vege-
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table mould is mainly an animal excrement. The pecu-
liar, sticky, glutinous quality of rich mould when moist-
ened is probably in part due to this fact. _

Although the amount of Animal life in the earth is
considerable, it is as nothing compared with the rich-
ness of the soil in the lower forms of Vegetable life. The
dead and excremental matter becomes the food of sapro-
phytic fungi, which abound in the soil to a very great
extent., This must be the case, for we know that sapro-
phytes and their allies abound everywhere, and as the
surface of the earth is the common reservoir of all forms
of life, it follows that these low vegetable mierobes must
be more abundant in the earth than elsewhere, and more
abundant at the surface than deeper down. In Watson
Cheyne's editions of Flugge's work on micro-organisms
(New Sydenham Society, 1890), this is very clearly
stated : ‘ Enormous numbers of bacteria have always
been found in the soil by the most various observers.
Infusions made from manured field and garden earth,
even though diluted 100 times, still contain thousands
of bacteria in every drop, and the ordinary soil of streets
and courts also shows the presence of large numbers.
Bacilli are present in much the largest numbers ; but in
the most superficial layers, and in moist ground, there
are also numerous forms of miero-cocel.’

These micro-organisms of the soil are very active in
producing changes in organic matter added to the soil.
These changes are usually in the direction of oxidation,
occasionally the change is one of reduction. One thing
is certain, that if the soil be sterilised by heat or other
means, it is no longer capable of producing any chemi-
cal change in organic matter. This seems to be a fact
of prime importance to the sanitarian. The oxidation
and nitrification of organic matter in the soil is a bio-
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logical question, pure and simple. It is an effect
produced by the living earth ; a process analogous to fer-
mentation, which Cobbett seems to have appreciated.

Whether the nitrifying process which takes place in
the soil is due to one or to many varieties of microbe
is doubtful, but the latter supposition is probably correct,
and experiments seem rather to point to the conclusion
that, given favourable conditions—the free admission of
air to a soil which is not unduly moistened—nitrification
will go on. Many attempts have been made to isolate a
nitrifying organism, and one of the latest, by Professor
Percy Frankland and Grace Frankland, the results
of which were communicated to the Royal Society
in February 1890, appears to have been successful, for
these observers isolated a ¢bacillo-coccus,’ the power of
which in producing nitrification appears to be most
remarkable. Whether this bacillo-coceus is one of many
having similar power, or whether it stands alone, is not
known, but in any ease we must regard 1t for the present
as the ¢ Nitrate King > among mierobes.

It has been asserted that fungi of a higher class,
mould fungi, are also active in producing the disintegra-
tion and oxidation of organie matter in the soil. It 1s
possible, however, that the Pacillus mycoides, which
forms threads closely resembling mycelium, has been
mistaken for mould fungus. This bacillus mycoides 18
one of those which is constantly present, we are told, in
garden soil.

It has been conclusively shown by Fligge, Koch, and
others that the microbes are most abundant in the
superficial layers of the soil, and that they tend to disap-
pear in the deeper layers. They are practically absent
in the deeper layers, unless the earth has been deeply
stirred or trenched, or unless sewer or cesspool has con-
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ducted filth to the deeper layers without touching the
superficial ones.

¢ Numerous filtration experiments on a large and
small scale have shown most distinetly that a layer of
earth 1 to 1 metre in thickness is an excellent filter for
bacteria, and hence the purification of fluids from
bacteria must be still more complete in cultivated, and
especially in clay soil, and where the fluid moves with
extreme slowness. Further, it has been repeatedly
shown that wells which are properly protected against
contamination, from the surface and from the sides,
furnish a water almost entirely free from bacteria ; that
further, wells of water containing bacteria become the
purer the more water is pumped out, and the more ground
water comes in from the deep layers of the soil.’

The vegetable living mould on the surface of the
earth is in short a filter of the most perfect kind. It is
very rich in saprophytic bacteria, whereas the subsoil at -
a depth varying from 3 to 6 feet is barren of bacteria, as
well as of other kinds of life. The subsoil 18 mineral,
inorganic, and dead; the mould upon the surface is
organic, and teems with life.

It seems to be an undoubted fact, and one which in
sanitary matters is fundamental and of the greatest
practical importance, that, from the point of view of
microbial life, the first few inches of the soil is, so to say,
worth all the rest.

Anything which is thrown upon the surface of the
ground soon disappears.

This is especially the case with water. The absorbing
power of soil for water varies according to its mineral
constitution. Loose sand and chalk absorb water very
readily, and clay less readily, but the absorbing power of
vegetable mould, or humus as it has been called, is
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infinitely greater. Humus is said to be able to absorl
from 40 to 60 per cent. of water, and to hold it very
tenaciously. This is from two to three times as much as
the most porous dead mineral soil is capable of absorbing.
We all know that in times of heavy rain it is infinitely
rarely that we see water lying in pools on the surface of
cultivated soil, whereas it soon collects on roadways and
paths, which are made of dead mineral matter. The
tenacity with which mould retains water is due to the fact
that the water is absorbed into the interior of millions
of vegetable cells, and i1s not merely held by capillary
attraction in the interstices between small mineral par-
ticles. It is the swelling of individual cells which forms
so effectual a barrier to the passage of bacteria.

Not only water, but everything else when thrown
upon the soil, disappears sooner or later. Such things
as pieces of wood, or leather, about the toughest of
organic materials, become softened and permeated by
fungoid growth, and finally crumble away. In some
parts of the country, rags of all kinds are largely used
for manure. Through the autumn and winter these
may be seen lying on the surface, but when in spring
the tilling of the land goes forward, and the fermenta-
tion of the soil commences, the coarsest of these rags
disappear. If wood, leather, and rags disappear, leaves
and animal excrement disappear, as we all know, far
more readily. The disintegration is forwarded by birds,
insects, worms, and their allies, and what was the exere-
ment of a large animal becomes, as it were, the exere-
ment of many small ones, until finally, by the action of
saprophytic fungi, these organic matters become fertile
“humus,” which is the only permanent source of wealth
in any country, the source whence we derive all the
materials for our food and clothing.
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The question whether among the bacteria which are
found in the soil some may not be hurtful to mankind,
18 a question of great interest and importance. If
disease-causing organisms find their way into the soil,
may they not multiply or at least continue to live, and
then prove a danger to health ? There can be no doubt
that pathogenic organisms do exist in the soil, but their
power for harm would seem to be practically very small
indeed ; and to regard the soil as dangerous because
some pathogenic organisms may lurk in it, would be
about as rational as it would be to condemn vegetable
food because of the occasional dangers of hemlock,
aconite, or the deadly nightshade. It is well known
that if soil be inoculated into some of the lower animals,
such as guinea-pigs, fatal results will follow from malig-
nant cedema and tetanus; and also that earth, and
especially street-mud, if ground into wounds in the
human subject, may canse similar diseases, and the
death of the vietim. It is equally well known, however,
that the workers of the soil, agricultural labourers and
gardeners, are amongst the healthiest classes of the
community, and that they are not credited with any
diseases which are special to their calling. The disap-
pearance of malaria (a real soil-poison) when land is
drained and tilled is a fact which is interesting in this
connection. It seems to be a fact that the great doctrine
of “the survival of the fittest’ holds good for microbes
in the soil, as for all other organised things everywhere ;
and that organisms which flourish in the human
body, languish and cease to multiply in the soil, where
the conditions are unsuited for their multiplication
or even for their survival. They get overgrown by
saprophytic microbes, and even if they do not die
the risk of their finding their way into the ground water
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is practically nil, for we have seen that humus is the
best of filters.

The life-history of at least one microbe, which un-
doubtedly flourishes in the human intestine, has been
very carefully studied by many observers, and it may
profitably occupy our attention for a time. This is the
so-called spirillum of Asiatic cholera, the ‘comma
bacillus ’ of Koch, of which we have heard so much, and
which is now generally accepted as being the Causa
causans of the disease. The subject is brought forward
merely as the life history of a microbe which undoubtedly
flourishes in the human intestine, and has not been
found except in association with a deadly disease. This
microbe, which has been met with exclusively in the
dejecta of cholera patients, is easily cultivated on gelatine
or potatoes, in neutralised meat infusion, on blood
serum, and in milk, its growth being unaccompanied by
any disagreeable odour. Growth ceases when the in-
fusions become very dilute, and in water growth only
takes place at the margin where there is an accumula-
tion of nutrient material. Growth is able to take place
with a very limited supply of oxygen, as is shown by its
multiplication in the intestine, and it is most active
when the temperature is high—380° to 40° C. Koch has
made the very interesting observation that comma bacilli
die very rapidly when dried. A cultivation if spread out
upon glass and exposed to the ordinary temperature is
dead and incapable of further multiplication in a very
few hours. Hence it is inferred that no living comma
bacillus can exist in dust, and that the transport of living
comma bacilli through the air is impossible.

Another factor very unfavourable to the growth of
comma bacilli is the presence of saprophytes in large
quantities ; under these circumstances they are over-
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powered, and die out. ¢If the saprophytes are in excess
in the first instance, or if the sum total of the conditions
of life are not very favourable to the comma bacilli, the
latter do not multiply at all, but the saprophytic bacteria
lead rapidly to the death of the comma bacilli present,
either by using up the nutrient material or by producing
poisonous products’ (Fligge). If, however, the bacilli
be kept moist in the absence of saprophytes, they may
be kept alive for months. Low temperature (freezing)
does not kill them, but merely suspends their vitality ;
temperature over 60° C. soon kills them.

If the baeilli find their way into pure running water,
or wells of ¢ pure’ water, it is probable that multiplication
never occurs., In the case of stagnant water, however,
in the bilge-water of ships, in the water in harbours,
which is often extremely dirty, it is probable that the
comma bacilli may retain their vifality for a much longer
time ; and in the case of a tank in India, ¢ where the
small amount of water was not only employed for bathing,
drinking and cooking, but also for washing the linen and
for the reception of the contents of the water-closets,
Koch was able to demonstrate such a large number of
comma bacilli that it seemed likely they had multiplied
to a great extent in the tank, and that their presence was
in all probability the source of infection of a number of
cases of cholera which ocecurred at a later period among
those persons who lived in the neighbourhood * (Flugge).

Supposing comma bacilli to exist in dejecta, what is
the best way to stop their multiplication and aceidental
passage into drinking water ? Clearly to dry them and
place them with other saprophytes. If they be buried in
the upper layer of vegetable mould the sun will dry them ;
or even if it be raining the living filter will stop their
passage downwards. The growth of saprophytes will kill
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them ; and if the ground be cultivated, the comma bacilli
will be destroyed and nitrified, and pass upwards into
the erop, and not downwards into the wells. If, on the
other hand, the dejecta be mixed with water, and be
taken in an impermeable pipe through the living humus
of the surface, to the dead mineral subsoil where the sun
does not reach to dry them, and where saprophytes to
eat them up exist not, the danger of their finding their
way through interstices and crevices into drinking water
appears to be very great indeed, especially if the dirty
water be in a cesspool which leaks under pressure, as is
explained elsewhere.

That the under layers of the soil are a very inefficient
barrier against filth contamination has been demonstrated
in all our large towns, and especially in London. In that
city the lower rooms of the houses are almost universally
below the level of the streef, and the house drainsg leave
the house at the lowest point to reach the sewer at a
lower level still. As underground drains, however well
laid, are sure to leak in time, their contents escape ; and
water continually escaping at one point is sure to work
a channel for itself, and take its natural course to the
nearest stream or well. Still more is this sure to happen
if the house drain leads to a cesspool, a contrivance which
necessity invented as soon as we had water under pres-
sure, and began to use it as our only scavenger.

In London, a city renowned for its innumerable wells,
we have had to close every one of them, and as the ex-
cessive dirtiness of the air makes rain-water not available
for domestic purposes, we have become absolutely depen-
dent upon the water companies, and it is only quite
recently that the public has become alive to the fact that
the causes which poisoned the surface wells are equally
poisoning the Thames and the Lea, and the other sources



96 ESSAYS ON RURAL HYGIENE

of London water. No thinking being can feel easy about
the London water-supply, and it is to be hoped that some
day the public mind will be roused to an appreciation of
the fact that if we want pure water we must make some
serious attempt not to foul our wells and streams.

One cannot but feel that in our sanitary arrangements
we have not sufficiently distinguished between the living
mould of the surface and the dead earth of the subsoil.
The living mould is our only efficient scavenger, which
thrives and grows fat upon every kind of organie refuse ;
our only efficient filter, a filter which swells and offers an
impassable barrier to infective particles, a filter which
affords a sure protection to our surface wells. When we
perforate the living humus with a pipe, and take our dirty
water to the subsoil, we, as it were, prick a hole in our
filter, and every chemist knows what that means.

In order to keep the soil healthy, to keep up its
appetite for dirt and its power of digestion, the only
thing necessary is tillage. Well-cultivated soil, which is
compelled to produce good crops, has never yet been
convicted of causing any danger to health.

Sanitation is purely an agricultural question, and in
the country, where every cottage has, or should have, its
patch of garden, there ought to be no difficulty in the
daily removal of refuse from the house, and in applying
it to agricultural purposes, without any risk of con-
taminating the water-supply. Given the patch of
garden, the only thing necessary to bring abouf this, the
only complete form of sanitation, 1s the will to do it—
the will, that is, to do a profit to one’s self, without the
possibility of damaging one’s neighbour. This, unfortu-
nately, is rarely forthcoming, in spite of the Christian
religion and the Education Act, and we go on, even in
country places, polluting our streams and wells, with our
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minds agitated, as well they may be, as to when our
water will become too poisonous to drink, and where we
shall turn for a pure supply in the future.

Sanitation is a purely agricultural and biological
question. It is not an engineering question, and it is
not a chemical question, and the more of engineering
and chemistry we apply to sanitation the more difficult
i1s the purifying agriculture. This, at least, has been
the practical result in this country.

The only engineering implements which the cottager
with a bit of garden requires for his sanitation are a
water-pot and a spade, and if his garden be an allot-
ment away from the cottage, a wheelbarrow may become
necessary. The cottager, to whom the produce of his
bit of land is a matter of consequence, will endeavour to
fertilise as much land as possible with the organic refuse
at his disposal, and as long as this endeavour is made
there need be no fear of failure, either from the agri-
cultural or sanitary point of view. When, however, an
engineer, by means of water under pressure, has collected
the organic refuse of a province at one spot, has diluted
it a thousandfold, and endeavours to submit it to a
mock purification by means of the least amount of land
possible, failure is inevitable, both in the agricultural
and sanitary sense. It was in 1848 that the advice to
‘drain ’ was tendered with a light heart by the pioneers
of modern sanitation, who thought it would be an easy
thing to purify the sewage and make a profit from it.
The Thames, the Liffey, the Clyde, the Mersey, and the
Irwell are a standing testimony to the failure of these
great engineering schemes, and one of the last engineer-
ing schemes put forward with regard to the sewage of
London, viz. to convey it all to the Essex coast and cast
1t into the sea, is not only a most lame and impotent

H
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conclusion, quite unanticipated by the pioneers of 48,
but it is an experiment which, like our previous experi-
ments, may be productive of unforeseen results.

The engineer of the present day, when dealing with
sewage, appears to think that one may ‘as well be hung
for a sheep as a lamb,” and he is ever ready to tender
the advice that ‘if you are going to make a mess, it is
well to make a big one.” It is quite characteristic that
this last scheme for dealing with the London sewage
contemplated dealing not only with the material which
is collected by our present system of sewers, but proposed
to take that of other and adjacent systems as well.

The people of Berlin have in this respeet shown
themselves wiser than the people of London, because
they have taken their sewage to several points instead
of collecting it all at one spot. '

The panacea for all sanitary ills has been and still is
¢ drainage,” and the only scavenger that is in favour is
water, notwithstanding the fact that sanitation by water
has for its main characteristic ‘incompleteness.” The
work is begun and never finished. Our houses are
flushed, but we pay for it by fouling every natural source
of pure water, whether river or surface well. If there
come an outbreak of typhoid, we, as often as not, find
the ¢drains’ are to blame, but, as a matter of fact, we
prescribe ¢ more drains ’ as the remedy.

The author has asked his friend and former pupil,
Mr. F. W. Wells, M.B., to go through the official reports
which have emanated from Whitehall since 1856, and
make an abstract of the chief outbreaks of typhoid fever
in this country which have been reported by the medical
officers of the Privy Council and the Local Government
Board. This Mr. Wells has done in a most painstaking
and methodical manner, but the tables which he has con-
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structed have been omitted as unsuited to the present
volume. A perusal of these tables showed that there is
one factor common fo all these outbreaks, viz. the mix-
ing of excremental matters with water. This mixture
generally leaks to the well or rivulet, or water-pipe which
supplies the drinking water, which water has not un-
frequently been sold under the name of milk, and the
result is an outbreak of typhoid. Or the mixture putrefies
in a cesspool or sewer, and the gases, finding an entrance
to our houses, cause an outbreak of typhoid. There is
no doubt whatever that whenever excrement is mixed
with water we are in danger of typhoid. Typhoid was
not recognised in this country until the water-closet
became common. We, doubtless, manufactured typhoid
in a retail fashion in old days, but with the invention of
the water-closet we unconsciously embarked in a whole-
sale business. |

We had not been at this work many years before we
recognised that the water-closet poisoned all sources of
water. We have had to go far afield for drinking water,
and the result has been that, as we have left off consuming
the springs which we have wilfully poisoned, the amount
of typhoid has somewhat abated. When the more remote
sources of water get poisoned in their turn—as with our
increasing population, and our methods of sanitation, is
inevitable—the present comparative abatement must,
one would fear, cease.

The foregoing observations apply, be it observed, to
cholera equally with typhoid.

It 18 comparatively recently that we have learnt fto
recognise the dangers which result from the putrefaction
of a mixture of excrement and water in a sewer or cess-
pool. The ingennity of sanitary engineers has been
exercised to save us from these dangers, and they have

H 2
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given us what they are pleased to call self-cleansing
sewers, innumerable forms of trap, endless methods of
ventilation, and disconnection on scientific lines, until
the medical officer of health is expected to have at his
fingers’ ends all the knowledge of a patent agent and a
plumber’s foreman. If apparatus never wore out, if
ventilators never got stopped up, if traps never got un-
sealed by leakage, evaporation, or other cause, one might
feel secure against the enemy which is ever at our gates,
provided the study of Bacteriology did not lead us to
recognise that a few feet of filthy pipe may be as dangerous
as a mile, and that a trap may possibly serve, especially
in hot weather and when the family is away, as a most
efficient ¢ cultivating chamber.’

It is commonly urged by those who defend our pre-
sent methods of sanitation that, as we must of necessity
provide some channel for the escape of slops from our
houses, it is false economy not to make these channels
carry everything; or, in other words, that, as sewers are
a necessity, there is no harm in making them a bigger
nuisance than they necessarily must be. It is difficult
for the author to follow this argument, and he would
submit some reasons why every effort should be made to
keep excremental matters out of the sewers.

1. Exerement is the only ingredient of sewage against
which dangerous infective properties have been proved
again and again. It is the ingredient which, when
mixed with water, finds its way to our drinking water
and causes typhoid and cholera. Sewage without excre-
mental matters is, doubtless, offensive, and is probably
unwholesome in many ways, but it stands in the position
of a ¢ suspect * rather than that of an habitual eriminal
against whom no end of previous convictions have been
proved,
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2. If excremental matters were stopped out of our
house drains we could, in country places, often have
recourse to the old practice of allowing our household
slops to run in open gutters, concerning the ventila-
tion of which there could be no doubt, and the gutters
might be subjected to the wholesome discipline of a
broom and the purifying influences of sunlicht and
drying winds.

8. If excremental maftters be stopped out of the
house drains, the total volume of sewage to be dealt
with would be diminished by at least one-fifth, and this
surely is a great gain. We should deprive the sewage of
just those ingredients which are most troublesome to the
sewage farmer by clogging the pores of the ground, and
we should leave the sewage very ‘ thin’ and admirably
suited for downward filtration. It seems to be -an ac-
knowledged fact that, for the application of sewage to
the land, the more watery it is and the more completely
solid matters are strained out of it, the simpler and
more satisfactory the processes become.

4. Another class of objections which has been made
to the exclusion of solid exerement from house drains has
reference to the so-called ‘manurial value’ of sewace
and its constituents—that excreta without the total
urine are of low manurial value, and that the stopping
of excreta out of the sewers lowers the manurial value
of the sewage. ¢Manurial value’ is a term used by
chemists to express the amount of nitrogen that may be
present. Now one does not doubt the ability of chemists
to make a quantitative estimation of nitrogen, nor their
power of informing farmers of the extent to which they
may or may not have been cheated when they purchase
artificial manures, but it is evident that the real practical
manurial value depends, not only upon the amount of
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plant-food present, but also upon whether the plant-food
is present in a form in which it can be digested and
exhaustively utilised by the plant. TFor the latter in-
formation, which is of the highest importance, the
author would sooner apply to a practical farmer or
cardener than a chemist.

A chemist, for instance, who had regard to his
analyses and nothing else, might fell us that nut-shells
had a certain dietetic value; but ordinary men and
monkeys know better than that.

He might tell us that gin was richer in certain dietetic
ingredients than ginger-beer, but we know that ginger-
“beer is the better article of diet.

Again, guano has a far hicher manurial value than
‘rich garden mould '—such as is got by mixing earth
with organic refuse; but if we do not dilute our guano
to the same level, so to say, as our rich garden mould
we may kill our plants. To declare that rich garden
mould is of low manurial value 1s absurd, because we
know that in it plants of all kinds reach the highest
development which is attainable. Farmers and market
gardeners will tell you that artificial manures have °got
no bottom in them,” that their use is, so to say, a specu-
lation ; and if elimatic eonditions are unfavourable when
the artificials are applied, the money spent on them is
lost for ever. With organie refuse, however, the case is
entirely different, and the effect of the application of
organic matter, especially of human origin, to the soil is
plainly discernible for three or four years. Solid organic
matter is little liable to be washed away, it nitrifies
slowly, and doles out the nitrates to the roots of the
plants in proportion as they are needed.

It is necessary to say, emphatically, that the manu-
rial value of human excrement is enormous, and that
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it produces all kinds of fruits, flowers, and vegetables
in the highest perfection. Speaking from a practical
experience of ten years, my belief is that soil cannot
be made more fertile than by mixing it with solid excre-
mental matter.

It 1s quite true, no doubt, that the manurial value of
urine is very great, but being fluid it is not so ecasily
retained at the spot where the agriculturist wants it ;
and we know that when fresh and undiluted it is very
dangerous to herbage. The fact is that plants absorb
their nutriment from very dilute solutions; and it has
been found that a fluid containing about ‘2 per cent. of
golids is the optimum for plant culture. Ordinary urine,
therefore, which contains 4 per cent. is twenty times too
strong ; but if 1t be applied to the soil in its state of
optimum dilution, much of the liquid will necessarily
soak ouf of the reach of the roots.

Manurial value is a practical matter rather than a
chemical problem, and there is no doubt whatever that
those who assert the manurial value of earth-closet
manure to be low are making a very serious practical
mistake ; and there is no doubt that arguments based
on the theoretical manurial value of sewage as a whole,
or of its several ingredients, are worthless in helping
us to decide whether it is advisable or otherwise to keep
solid matters out of the drains.

What use is there in discussing the ‘ manurial value’
of sewage in the face of the deliberate declaration of that
eminent agriculturist, Mr. Clare Sewell Read, made a
few months since in the ¢ Journalof the Royal Agricultural
Society ’ ? ¢ Sewage,” says Mr. Read, ¢ has come to be
regarded by all sensible people simply as a nuisance to
be got rid of.” And he goes on to state that, owing to
the unmanageable quantities of water which have to be
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dealt with, sewage is ruinous to all grain crops and all
other farm crops except rye-grass.

The composition of sewage as it flows from towns is
so doubtful, and must be so variable, that no sensible
man would let it run over his farm. Chemicals and
antiseptics are very abundant at the present day, and
they are very largely used to lessen the dangers which
are inherent in our present system of sanitation. Anti-
septies, however, which stop the growth of putrefactive
microbes, also check the growth of nitrifying organisms,
and are deadly poison to plants. All town sewage is
liable to contain dangerous chemicals which must render
the ‘ manurial value ’ a very minus quantity, the presence
of nitrogen notwithstanding.

As it is idle to discuss the theoretical manurial value
of a practical nuisance which no sane farmer would take
as a gift, it is imperative for us to discover means, if
possible, by which those ingredients of sewage which
have great enriching power for the soil may be saved for
the benefit of the cultivator and consumer.

From every point of view—scientifie, sanitary, moral,
economic—the author feels strongly that dwellers in the
country should take warning by the towns. They should
revert to the cleanly and decent habits of our forefathers,
and keep the sanitary offices away from the main strue-
ture of the house, and not, as is the filthy custom of
the present day, bring them almost into the bedrooms.
They should keep solid matters out of the house drains,
and see that they are decently buried in the living earth
every day, and they should replace the drains by gutters
and filter all the household slops by applying them to
the top of a different piece of cultivated ground every
day. Whether an ordinary watering-pot, or a tank
upon wheels drawn by a horse, be necessary for accom-



THE LIVING EARTH’ 103

plishing this latter object will depend upon the size of
the establishment; but only those who have systema-
tically pursued this plan can know the vigour which
is imparted to hedge-rows, shrubberies, fruit trees, or
forest trees by a tolerably frequent dose of household
slops. There is no difficulty in doing this, provided the
will be present—the will that is to combine your duty
towards your neighbour with an aet which is profitable
to yourself.

Finally, to dwellers in the country, whether squires
who are the owners of broad acres, or occupants of
modest villas with a garden, or still more, to cottagers
with an allotment, where 1t ought to be, round the
cottage, the following principles of action are recom-
mended : —

1. That sewage, being a nuisance, although a neces-
sity, it 1s to our interest not unnecessarily to increase its
quantity or its offensiveness.

2. That excrement should be kept out of the drains,
for by doing this the putrefaction of the solid is prevented
and the purification of the liquid by filtration through
the earth is effected with ease which is proportionate to
the thinness of the fluid.

3. That all solid matter should be removed every day
from the immediate neichbourhood of the house and
buried in the top layer of cultivated ground. Household
slops should be poured on to the surface of the garden,
and the mistake of attempting what is known as ¢ subsoil
irrigation ’ must not be made.

If these directions be followed, it is evident that by
no possibility ecan one be troubled by sewer gas, and it
would probably be no longer dangerous to drink from
surface wells.

The practical experience of the author in dealing
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with sewage in the manner which is here advocated will
be dealt with at some length in a subsequent chapter.

Although the author is addressing himself to dwellers
in the country, he would like to say to town dwellers
that complete sanitation is impossible, unless cultivated
land be brought into tolerably close relationship with the
dwelling. At present our sanitary arrangements are
magnificently begun, and seldom completed, and while
we almost uniformly leave a most dangerous loose end {o
our sanitary measures, we shut our eyes to it, and blow
the trumpet of self-satisfaction as if the sanitary mil-
lennium had begun. The Allotment Act, as affording an
outlet for organic refuse, ought not to be without its
effect upon sanitation, and it is to be hoped that the
masses will some day wake up to the great importance,
from the moral and sanitary standpoint, of providing
every dwelling with an adequate outlet. As things go at
present, there is very little doubt that the agricultural
labourer with his cottage and garden and 12s. a week
is infinitely better off than the town artisan on 25s., who
pays dearly for pigging it in overcrowded rooms, in which
a cleanly and decent existence is impossible.

In a recent volume of the Transactions of the Sani-
~ tary Institute is a very interesting paper by Dr. Sykes,
who quotes Dr. Corfield, who, in his turn, is quoting Sir
Henry Acland, to the effect that the disappearance of
the great cities of antiquity was due to pestilence rather
than war. We must all admit the possibility of such
an assumption, and certainly no one can ponder upon
the disappearance of Egyptian, Babylonian, Assyrian,
Greek, and Roman civilisation without speculating upon
the cause, and without applying the lesson to ourselves,

and asking, how much longer is our British eivilisation
to continue ?
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Nationalities seem as mortal as the individuals which
compose them.

If great nations are destroyed by neglect of sanitary
laws, and if prolonged national life is indicative of gsound
sanitary measures, there is at least one race upon the
globe which is worthy of profound study by all who con-
cern themselves with public health. This race is the
Chinese, who have seen all the nations of antiquity in
and out, who were probably a great people in the days
of Moses and before, and whose thrifty myriads are even
now suceessfully eontending with the Anglo-Saxon race
in America and Australasia. The Chinese, as is well
known, have had to contend with national calamities of a
most stupendous kind. In our own days we hear of floods
and famines which elaim their millions of vietims, and
yet the race continues to increase in such a way, and to
overflow its natural boundaries to such an extent, that it
18 certain, even without the exact returns of a Registrar-

General, that the birth-rate must very considerably
~ exceed the death-rate, and must have done so in an
average way during the three or four thousand years
that the Chinese nation has existed.

There is litfle doubt that, unless we mend our ways,
the Chinese will see us out, as they have seen the other
great nations of the world out, and the reason for this
belief is obvious. The Chinese are the most thrifty
nation in the world. In China nothing is wasted, and
all organic refuse is ultimately returned to the soil.
Even the dead bodies of the Chinese who die abroad are
returned to China for burial. Agriculture is, in China, a
sacred duty, and the Chinege have got a firm grasp of the
elementary principle that, if the fertility of the earth is
to be maintained, we must constantly replenish it. The
nineteenth volume of the Health Exhibition literature
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contains a most interesting series of papers on China,
by Surgeon-General Gordon, Mr. Hippisley, and Dr.
Dudgeon, of Pekin. The papers by Dr. Dudgeon are
especially worthy of study, for many years of residence
among the Chinese have impressed him with the fact
that we have much to learn from them.

The question of our duty to the soil is fundamental
in sanitary matters. If we starve the soil and turn our
fertilising materials into the sea, we may rid ourselves
(though this is doubtful) of filth diseases for a time ;
but it is by no means doubtful that we shall ultimately
replace filth diseases by those diseases that are bred of
starvation. How soon this will happen no one ean say,
but that it will happen eventually seems to me as certain
as is the axiom ¢ Ex nihilo nihil fit.” Do not let us com-
mit the great blunder, when dealing with this national
question, of forgetting that the life of a nation ought to
be measured by centuries; do not let us make a suicidal
use of a paltry fifty years' statistics, and because the
figures of the last decennium happen to be favourable, con-
clude therefrom that all our sanitary principles are right.

Perhaps someone will say, - How ridiculous to hold
up the Chinese as an example ! The Chinese masses -
are acknowledged to be exceptionally filthy in their
customs and habits.” This, perhaps, is true, but I am
sure that the reader will not make the error of confound-
ing principles with details. The Chinese principle of
returning all organic refuse to the soil is, there can be
no doubt, absolutely sound. The Chinese details may
be filthy and susceptible of improvement. In this
country the details of our domestic sanitation are refined,
elegant, and ingenious. It is the principle subserved
by these details which is absolutely rotten. The main
problem of sanitation is to cleanse the dwelling day by
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day, without fostering starvation. This can only be
done by returning all organic refuse to the soil, and the
perfecting of the details by which this duty is to be
done is the most important work of the modern sani-
tarian.

This question is a national one, and concerns us all.
Every country squire ought, in these matters, to set a
good example to his tenants. If he does not set the
example of increasing the fertility of the soil by the daily
addition to it of all the organic refuse of his country
mansion, he cannot command our sympathy when he
goes without his full rent. If a landowner embarks on a
great building scheme, he ought to keep the sanitation
in his own hands. If a well-known landowner had done
this—if he had preserved his autonomy on his own
estate, and if he had, by a rational use of the railway,
transferred the daily scavengings of his valuable City
estate to his broad acres in Bedfordshire, perhaps his
right-of-way on his London estate would not have been
contested, and perhaps he would not have been obliged
to remit 25 per cent. of his Bedfordshire rental. As
it is, he allowed the vestry to do his sanitation for
him, and by so doing lost his autonomy. Who can see
how far the process of confiscation which has set in will
ultimately reach ?

This question has an immediate personal interest for
all who derive their income from the soil. The clergy
would do well to enforce by example as well as by precept
the old injunction, to ‘replenish the earth and subdue
it.” If they do not, they must expect to go without
their tithes. Improvement in this direction is only to
be attained by rousing the public conscience. So soon
as the majority of individuals is impressed with the fact
that it is wicked to foul our streams and starve the soil,
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and that our individual responsibility does not end, even
though the fouling and starving be done by a ‘ Board,’
so much the better will it be for the public health and
national wealth. Parliament has compelled us to hand
over our responsibilities to public authorities, with the
consequence that the individual has lost his liberty and
independence, and is drifting into a condition of sanitary
imbecility. Let us not forget that the present state of
our rivers is the direct result of Acts of Parliament.
Let us not forget that Parliament, which wasted its
time and our money in passing that most inoperative of
all Acts, the ‘Rivers Pollution Act,’ scavenges its own
palace direct into the Thames; as though Imperial
Parliament could hand over its responsibilities to a
Local Board! It is hardly credible that such a condi-
tion of things could exist outside the libretto of a comic
opera.

A respect for the purity of water should be enforced
in our Board schools and churches; and that powerful
party in the State—the Temperance party—would do
well to devote some of its energies towards ensuring that
the beverage which it champions should be in all places
a safe one to drink. As it is, one has only to walk
about the country to see that our streams and rivulets
are universally regarded as receptacles for rubbish and
impurities of every kind.

This question is a national question of the first im-
portance. A nation that fouls its streams and starves
its soil is in danger of poisoning and inanition. A nation
which 1mports a great part of its food and a great part of
1ts manure, and systematically and by Aet of Parhament
throws all its organic refuse into the sea, is undoubtedly
living on its capital. Our capital just now is undoubtedly
considerable, but we are in a fair way to run through
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it ; and when we have done so who can forecast the
future ?

In connection with the power of ¢ The Living Earth’
to deal with organic fluids, a very interesting series of
experiments has been made at the author’s suggestion
by Mr. Wells on the filtration of urine through earth,
and what follows is an abstract of Mr. Wells’s report on
the matter.

A conical metal vessel (fig. 1), capable of containing
about 40 Ib. of dry earth, and perforated at the apex,
was used as a filter, and to this was added day by day
an amount of urine averaging about half a pint. In the
first three experiments, made between July 1890 and
February 1891, fifty-nine separate analyses were made
of the urine committed fo the filters, involving the esti-
mation of urea, sodium chloride, organic and mineral
residues, and in subsequent experiments the averages of
these analyses have been regarded as sufficiently accurate
for purposes of comparison between urine and filtrate.
The experiments are arranged in three divisions:—
(1) Experiments made with mould from Gower Street ;
(2) experiments made with mould from Brondesbury ;
(3) experiments made with mould that had been pre-
viously used.

In the first experiment the following results were
obtained : 200 oz. of urine were added to the filter,
of which 73 oz. appeared as filtrate, the remaining
127 oz. representing what was lost by evaporation
plus what remained in the filter. The average specific
gravity of the urine was 1021-4, that of the filtrate
1011. The total solids of the urine averaged 4-44
grammes per cent., of which 845 per cent. were
organic and 099 per cent. inorganic, while the total
solids of the filtrate averaged 1°78 gramme per cent., of
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which 1:069 was organic and 0:710 inorganic. The
chlorides in the urine averaged 109 gramme per cent.,
and in the filtrate 0°67 gramme per cent. The total
solids of the urine added would be nearly 9 oz., and the
total solids of filtrate obtained about 1! oz., so that
7% oz. of solid residue were left in the filter. The

Fig. 1.

appropriation of these 72 oz. of residue by the filter
will be again referred to.

The surface of the filter, when the nose was closely
applied, smelt distinctly ammoniacal ; but the filtrate,
although of deep colour, could be evaporated to dryness
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without offensive smell. The filtrate showed no tendency
to putrefy, nor did a few drops of it, added to sterilised
urine in a tube, set up putrefaction. Next as to the
experiments made with a different humus, two of which
were conducted in the garden at Brondesbury. In all
570 oz. of urine were added to the filters in equal
additions of 10 oz. daily. Of this 228 oz. were re-
covered as filtrate. The average specific gravity of the
urine was 10203, and of the filtrate, 1006. The urine
contained an average of 2'34 grammes per cent. of
urea; the filtrate, 0-15 gramme per cent., an amount
which, allowing for possible error in the hypobromite
method of estimation, may be disregarded. The average
chlorides of the urine amounted to 135 gramme per
cent., and of the filtrate to 0-33 gramme per cent. Thus
of about 14 oz. (18:9) of urea added to the filter, 121
(12:3) oz. did not appear in the filtrate, and of 8 oz.
(8:03) of chloride added 6} oz. (6:6) were unaccounted
for. Nor do these results represent the best that have
been obtained. Thus, in the last experiment made at
Brondesbury, the first pint and a half of filtrate was
almost colourless, of specific gravity 1003 ; chlorides,
02 gramme per cenf.; and urea, 013 gramme per cent.
—an amount which, as already pointed out, may be
disregarded.

None of the filtrates, after standing for weeks exposed
to the air, underwent any putrefactive change, nor did
any of them give off offensive smell when evaporated to
dryness. In colour they have varied from the almost
colourless filtrate above to a yellow or deep reddish-
brown. In order to ascertain whether the colouring
matter was of a urinary nature, part of the filtrate
obtained from the first experiment was sent to Dr.
MacMunn, of Wolverhampton, who kindly examined it,

I
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and has furnished the following report of his examina-
tion :—

¢ Colour.—A deep yellow, with orange tinge by gas-
light, brownish tint by daylight.

¢ Spectroscopic evamination.—A layer 40 mm. deep
absorbed a little of violet end of spectrum. No detached
band in any depth. With HNO,: No band; colour
diminished. With H,SO, in abundance : Colour almost
discharged. By Jaffé’s test (HCl and bleaching salt) :
Colour discharged. With NaHO: A precipitate carry-
ing down all colouring matter: filtrate clear, showing
no bands; some ammonia set free. With NH,OH +
ZnCl, : Brownish precipitate; filtrate clear, and gives
no fluorescence.

¢ Result.—A total absence of normal urinary pigment
and chromogen—that is, no urobilin, no indican, &e.
The colour is probably due to the presence of some
humus substance derived from the earth through which
it has been filtered.’

The third group of experiments were made with
mould that had been previously used, an interval of
five months having elapsed, during which the mould
had remained intact. One hundred and nine ounces of
urine were added, of average specific gravity 1024-3, with
the following percentage analysis :—Urea, 2'6 grammes ;
chlorides, 1°2 gramme ; residue, 5'48 grammes, being
organic 4-12, mineral 1-35. Twenty-four ounces of
filtrate were recaptured, of a uniform specific gravity
1035, with urea 0-2 gramme per cent. Thus the power
of the filter to change the urea was as great as ever.
Of chlorides there were 1+5 per cent., and residue 6-07
per cent., being organic 8:37 and mineral 2°70 per
cent.—that is, the mineral residue of the filtrate was
exactly double the amount of that in the urine ; and it
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was evidently not due to chlorides, the respective average
percentages being—urine, 1-2 gramme; f{iltrate, 1'5
gramme. It seems probable that the 7% oz. of residue
left in the filter during the five months’ interval has to
a great extent nitrified and become soluble. Given
an ammoniacal solution and garden soil, we have the
readiest means of inducing nitrification. And, testing
the filtrate qualitatively with ferrous sulphate and sul-

phurice acid, there wag abundant evidence of the presence
of nitrates.

Allusion may also be made to an experiment intended
to ascertain what difference in results micht be obtained
from a water and a urine filtration through mould.
Two glass funnels (fig. 2) were employed, each of about
four pints capacity, and were filled with mould. To one
was added during a period of twenty days, in regular

I3
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amounts, 11 oz. of tap water, and to the other an
equal amount of urine. Rye-grass seed was, more-
over, sown on each filter surface. The water-filter pro-
duced 74 oz. filtrate, and developed an excellent crop of
rye-grass ; the urine filter produced 51 oz. of filtrate
and no grass. The daily addition of water was followed,
after the filtrate had once commenced to appear, by an
almost immediate dropping of filtrate; the urine tarried
much longer in the mould. That no grass would grow on
the mould to which urine was being daily added was to
be expected, ordinary urine being about twenty times too
strong for plant culture. The filtrate obtained from the
urine filter was odourless, clear, of pale yellow colour,
specific gravity 1006, containing about 05 gramme
per cent. of urea (? or other nitrogenous bodies), and
yielding no offensive smell on evaporation to dryness.
The water filtrate was of faint yellow colour, and of
specific gravity 1000. Finally, a few experiments were
made as to the fertility of the mould from the filters.
In May 1891 a mixture of mould that had been used for
filtration experiments (one-half of which had, moreover,
been sterilised by heat) was sent to Andover, and there
twenty cuttings of common yellow calceolaria were placed
in pots as follows : Ten in garden soil from the garden
at Andover ; ten in the London mould. The pots were
placed in the open. Here is the result : In the ten pots -
of Andover soil the caleeolarias had done fairly well, and
each pot had grown an abundant crop of weeds. In the
ten pots of London earth the caleeolarias were all dead,
and there was not a single weed visible. They were the
embodiment of absolute barrenness. Corresponding
portions of mould were used for urine filtration, and
yielded a filtrate of specific gravity 1041, with a large
percentage of urea. In no case has grass grown on the
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gsurface of a filter in use; but, on mould that has
remained for several months exposed to the light and ai
in the garden after usage in the filters, grass has been
cultivated most readily, yielding a better crop than that
produced by unused mould.

Although these experiments are manifestly incom-
plete in some particulars, they show very conclusively
how great is the power of the earth to deal not only with
organic solids but also with organic liquids, such as
urine. The author is not aware that any experiments
similar to the above have been published, and atten-
tion may be directed to four facts : 1. That the filtrate
obtained from the filtration of urine through fresh earth
was always a much thinner fluid than the urine added,
the bulk of the solids dissolved in the urine having been
left behind in the earth. 2. The filtrate showed no
tendency to putrefy, and certainly contained no putre-
factive organisms, for it was shown to be incapable of
starting putrefactive changes in urine which had been
previously sterilised. 8. The filtrate could in all cases
be evaporated to dryness without giving off offensive
odours, offering in this particular a great contrast to pure
urine, which invariably emits most disgusting odours
when evaporated to dryness. 4. The organic residue
left in the earth apparently underwent nitrification in
course of time, but it was noteworthy that earth which
had been used for the filtration of relatively a very large
amount of urine was in all cases barren until it had been
exposed to air and rain. After such exposure, however,
its fertility appeared to be of a high order. The prac-
tical importance of this matter to sanitarians and agri-
culturists is very great. In London, with its 4,000,000
inhabitants and endless throng of visitors, it is probable
that 10,000,000 pints of urine are daily run to waste,
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CHAPTER V

THE HOUSE

By those who are content to live simply, the conditions
of healthy living are easily attained.

A cottage (ornée, if you like) built on a slight emin-
ence or on the slope of a hill, well exposed to the sun,
and with a quarter of an acre of land, is no Utopian
idea. The idea is capable, be it observed, of contraction
or expansion, but if the individual is to be quite inde-
pendent of others for his healthy surrounding, a small
plot of garden ground is absolutely essential.

The foundations of this modest house must be solid
and dry, the walls thick, the windows big, and the roof
watertight.

There must be neither cesspools nor sewer, which
are great and acknowledged causes of sickness. No
filth or refuse must be allowed to accumulate, but it
must be returned every day to the soil.

The rainwater which falls upon the roof should be
kept for washing and cooking, if not for drinking; and
it may be remarked parenthetically that there is no
reason why rainwater should not be collected in an orna-
mental vessel rather than the dirty-looking water-butt or
hideous tank which is now too much in vogue. It is far
better to have an ornamental water vessel in a pro-
minent place, where it can be easily inspected, than a
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hideous receptacle poked away in some odd corner where
it 1s too often forgotten.

There are one or two points in the construction of
dwellings which are of importance, and which do not
receive sufficient attention from architects.

One is to have a maximum amount of light precisely
in those places where filth is most likely to accumulate,
in order that the filth and dirt may be easily detected.

Another is to let waste water be discharged at the
highest level possible, in order that its filtration by
gravitation through the earth, or any other suitable
filter, may be easily arranged.

A third is not to allow the staircase to become a
channel whereby the used air of the ground floor may
float up to the first floor. Staircases should be shut off
from the ground-floor apartments by means of a door.

It will be noted that what has been sketched is within
the reach of very moderate means. It is probably too
simple, and will not be approved of by those who have
longings after more pretentious residences and more
artificial modes of existence.

Health depends upon our obeying the beneficent laws
of nature ; and the rule of nature which most affects our
health is this, that all refuse matter shall be restored with-
out delay to our mother earth, who will receive it grate-
fully, and give back a dividend. The greater number
of our sanitary troubles are due to the neglect of this
law. It will be noted that it is very cheap to live
healthily. In the dwelling I have supposed there would
be no sewer-rate, no water-rate, no plumbers’ bills, very
little sickness, and a good return from the well-cultivated
and well-nourished garden.

A distinguished physician and sanitarian has drawn a
picture of a city in which the laws of health are strictly
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obeyed ; he called his imaginary city the City of Hygeia.
A City of Hygeia is hard to attain, and would involve
immense expenditure and endless watching. A healthy
cottage (call it Hygeia if you like) is easily attained,
and is the cheapest dwelling imaginable for a civilised
man.

Without cultivation of the soil there can be no high
standard of health. The gardener and the farmer are, so
to say, the right-hand men of the sanitarian. What the
householder wants to be rid of, the tiller of the soil is
ready to take. If the householder tills a bit of soil for
himself all difficulties are at an end ; if he do not, his
diffieulties begin. If the refuse of a single house be put
on its own garden, there is no difficulty. If the refuse of
a group of houses be taken to a mneighbouring field or
garden, the difficulty is slight, but the return is less,
because the expense of transport has to be borne, and it
must be remembered that refuse matter will not bear
the expense of much carriage. If the refuse of a big
town is taken to one spot, the delay in collection and
other difficulties inerease, and it is found that the expense
of transport eats up the profit. It is evident that refuse
should be utilised at the nearest available spot. If the
refuse of London had been treated in this way, and had
been carried to all the points of the compass for utilisa-
tion instead of being collected at one spot, it would pro-
bably have proved to be less of an incubus than 1t 1s at
present.

This is the age of centralisation, of co-operation and
big schemes ; but in the matter of refuse disposal big
schemes have not proved successful, for the very obvious
reason that the greater the distance refuse is transported
the greater the loss. Refuse is valuable if used on the
gpot and immediately. Storage and transport diminish
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the profit from refuse, and dilution destroys it altogether.
Country towns would, it is tolerably certain, do well to
carry their sewage to many points rather than one, and
by so doing they would simplify their difficulties, and
would be able to make use of the natural formation
of the surface. It is tolerably clear that all sanitary
authorities should cultivate the soil. Some have em-
barked in big schemes of sewage farming, but the suc-
cess of these schemes has often borne an inverse pro-
portion to their size. Every town should be planted,
and perhaps some day our country towns will be beauti-
fied by sanitary authorities instead of being simply dis-
figured. If the streets and roadways were planted, and
if the trees thus planted were nourished with some of
the refuse of the town, our country towns would gain in
appearance and healthiness. At least, the putting of
refuse matter to its proper use might convey a valuable
lesson to the inhabitants.

It would almost seem that living is healthy in pro-
portion to the simplicity and economy which are observed.
Almost all expenditure on needless luxuries in the
house involves some risk ; and in order to illustrate this
point it will be well to glance at the modern dwelling
fitted with what are termed ‘the latest sanitary improve-
ments.’

In that excellent work, entitled ¢Our Homes and
How to Make them Healthy,” published by Messrs. Cassell
& Co., and edited by Mr. Shirley Murphy, the medical
officer of the London County Council, will be found a
series of articles by eminent sanitarians which are well
worthy of study.

Mr. Thomas Eccleston Gibb, who writes on the legal
liabilities of householders, warns us that ¢there is no
part of a house where builders are so likely to *scamp ”
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their work as the drainage, and they are probably in
that point under the least amount of supervision by
public authorities. A local surveyor may order the
work to be done in a particular manner; but the work
is done and covered up in his absence, and the nicely-
worded bye-laws which hang in the builder’s office are
not more likely to be looked at by the builder than are
the drains, when buried beneath the ground, by the
officer appointed to see those bye-laws carried out.
Nothing short of an alteration in the system can
remedy this great sanitary defect.’

The late Mr. Eassie, C.E., in a very able article,
tells us of some of the difficulties and dangers of house
drainage, and warns us :—

1. That the pipes sent by the maker are often so bad
that the unloading of them at the railway station must
be superintended by someone who represents the in-
terests of the purchaser, and that the individual pipes
must be inspected, and the bad ones rejected and
returned to the manufacturer at his expense.

2. That pipes are often badly fired, too brittle, too
rough on the inside, too thin and ill-fitting at the
sockets.

3. That the laying of pipes is no easy matter. The
ground may get sodden and sink away beneath, and thus
the levels may get wrong and stoppages occur. Again,
workmen will often maintain a level by means of wooden
wedges, and these in time rot, and the proper level is
lost.

4. That the joining of pipes involves great care.
The sockets must fit and the cement be good; and we
are warned that, if the cement projects into the interior
of the pipe, the flow through the pipe is impeded and
dangerous stoppages may occur, Again, 1t 1s common
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to make a junction between a big pipe and a small one
without a proper diminishing pipe, and then leakage is
sure to occur, and the earth gets sodden.

5. That if pipes be laid (as often is the case) before
the heavy building work is finished, they run a great
risk of being broken by the falling of heavy bodies on
the earth above them.

6. That pipes are so liable to become disarranged in
some way that it is never safe to have them beneath a
house. When they pass through the wall of a house
they are very liable to break when the house seftles ;
stoppages will occur, and the drainage will be penned
back and become a source of danger.

[N.B. Houses are very liable to setfle when they are
built, as often is the case, on heaps of rubbish and
rotting refuse. ]

7. That pipes are very liable to get choked, the chief
causes being (a) defects of manufacture or workmanship
as indicated above; (D) collections of sediment where the
level becomes deranged ; (¢) collections in syphon bends,
which, we are informed, are ‘ the best-abused article in
a line of drainage;’ (d) the congealing of fat from the
kitchen ; (¢) the invasion of pipes by the roots of trees
—for trees have a nasty trick of driving their roots where
they can get nourishment.

8. That ¢ grease traps’ are necessary, especially when
the scullery sink is at the farthest point from the sewer,
as it is in the majority of London houses. These grease
traps must be cleaned every two or three months, because
they generate, during decomposition, ¢ very disagreeable
smells.’

9. That having laid our drains, our next efforts must
be directed to keeping back the foul air which will
accumulate in a foul place; and ‘traps’ are necessary,
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Their name is legion, and we are warned that the com-
monest of all (the bell-trap) is ¢ most reprehensible.’

10. That soil-pipes are too often made of badly
socketed earthenware pipes, and when tested are not un-
frequently found to leak at every joint and to be broken
at the foot.

11. That as regards the proper material for soil-pipes,
(@) zine is too weak and must not be used ; (b)) cast-iron
is not a bad material, but ¢ the vilest attempts at making
a joint are perpetrated ;' (c) lead is the best material,
but then the lead must be thick enough and the joint-
ing perfect.'

12. That the joints of soil-pipes must not be ¢ slip-
joints, where one end of a pipe is slipped into the end of
another and the space filled up with no matter what !’

18. That the soil-pipes must be properly fastened
to the walls. We are told how, out of ten stacks of
soil-pipes examined in a northern hospital, there was
scarcely a sound joint found from want of this precaution !

14. That the soil-pipe (if it can be made air-tight)
needs artificial ventilation, and the ventilator, of the same
diameter as the soil-pipe, must be carried to a height of
at least four feet above the highest window, and we must
take care lest the birds come and build in it.

15. That ¢it is constantly a matter of surprise and
disgust to notice, especially in houses built for the work-
ing and middle classes, how often rainwater pipes are
made to do duty for soil-pipes as well ; how often the
waste-pipes of baths and sinks are taken into such com-
bined pipes; how always these pipes communicate at

! During a debate on the sanitary defects in houses which took place
at the Parkes Museum, a story was told of an enterprising American
who made a soil-pipe of old meat tins which he soldered together, The
jointing in this case was sadly defective,
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the foot with the house-drain, not disconnected from the
sewer in any way ; and how, very frequently, such pipes,
doing double duty, terminate level with the top windows,
giving off vaporous effluvia into the warmer room when-
ever the top sash is pushed down or the bottom one
lifted.’

16. That it is necessary to disconnect the soil-pipe
and the house-drain generally from the sewer, in order
that the air of the sewer may be kept from the house, and
a current of air circulate in the house-pipes.! The means
of disconnection require an expert for the proper under-
standing of them, and we are warned that, ¢ Far too fre-
quently, after an ordinary builder has produced what he
terms ¢ diseonnection and ventilation on modern lines,”
the bulk of the work has to be rearranged at considerable
expense.’

17. That pipes and drains so frequently being stopped,
it is advisable for the owner of a large house to keep on
the premises proper cleansing rods and foreing gear.

Mr. Eassie having given a number of warnings as
to what may occur in consequence of ignorance, bad
workmanship, or accident, Dr. Corfield takes up the run-
ning, and from the store of his ample experience tells us
what has occurred. Dr. Corfield tells us:—

18. How rats make runs from the drains beneath
our houses and invade the house, and how they will run
from a defective drain in one house, beneath a party-wall,
and up the drain of the next house.

19. How he has found cesspools leaking into wells.

20. How drains have been found with an insufficient
fall, or even sloping the wrong way.

1 Tt is evident, however, that the free circulation of air in the house-
pipes must, especially in hot weather, favour the evaporation of water
in syphon bends and lead to the unsealing of traps. (G. V. P.)
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21. How drains have been found not jointed at all,
or jointed the wrong way, so that they must leak.

292. How it has been attempted to take a drain round
a corner by means of two straight pipes, meeting at an
angle, instead of a properly curved pipe, and how the
open angle necessarily leaked.

28. How junctions are made by means of clumsy
holes roughly knocked in a big pipe, in order to take the
end of a small one, and how blocks and leakage are
thereby brought about.

24, How the sewer air comes up the kitchen sink.

25. How rainwater pipes, and even special venti-
lating pipes, bring sewer air to the attic windows.

26. How the upper end of a soil-pipe has been allowed
to remain open and terminate inside the house.

27. How the lower end has been found to have no
connection whatever with the drain,

28. How soil-pipes have been found traversing the
wall of a larder, and how they have been perforated by
the hooks and nails on which the mutton is hung.

29. How traps are often a delusion and a snare, and
how, in addition to the bell-frap, the next commonest, the
D trap, is worse than useless.

80. How lead quickly wears out and gets perforated.

! In the Parkes Museum is an interesting collection of old lead sani-
tary fittings, which have been removed from houses, and which have
been the cause of more or less illness in consequence of their becoming
perforated, and thereby admitting sewer air to the house. Water-traps
are of only partial use in keeping foul gases out of houses. The foul
gases of the sewer are absorbed by the water on one side and given off
on the other, and if there be foul gas in the sewer, the water of the trap
i8 sure to become charged with gas quite independent of differences
of pressure or temperature. If the water in the trap evaporates (as
is sare to happen in any sink or closet which is little used, and is
in gome forgotten corner), or if the water is sucked out by the flow of
water past it from some pipe above, then sewer air has, of course,
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31. How sewer air may come up the waste-pipe, or
over flow-pipe of the cistern, and contaminate the drink-
ing water.

32. How ‘syphon bends’ get emptied by suction or
choked by deposit.

33. How pan closets and D traps get plugged and
“ the container’ foul.'

34. How valve-closets, solid plug-closets, wash-out
closets, and Hopper-closets are each liable to their special
and peculiar defects.

35. How special cisterns are necessary for the service
of the w.c., and how outbreaks of typhoid have arisen
from neglect of this precaution.

36. Finally, we are told how ‘foul air often travels
about houses by most unexpected channels. Rat-runs
have already been mentioned; but besides these 16
travels under floors, behind panelling and wainscoting,
along ventilating shafts, through defective flues, and
even through the tubes in which bell wires are carried,
through which foul smells from the basement, and still
more frequently, the products of the combustion of gas-
burners, often ascend into rooms upstairs.’

The above catalogue of common dangers in modern
houses seems to show that, as all ‘modern sanitary im-
provements’ are liable to wear and tear, the danger
arising from them (even assuming that they are all, to

free access through an untrapped pipe. We ean never gee the state of
our ‘traps,’ and we can only infer (and often wrongly), that they are
gealed., A distinguished physician, speaking at the Mansion House
in aid of the Parkes Museum some years since, spoke of the D trap
as the ‘double D trap, because it deals out Death and disseminates
Disease.’

! The writer has seen the ‘safe’ of a pan closet, which is intended
to catch slops which accidentally spill over, perforated by a bell wire,
and the spilt slops soaking along the track of the wire.
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begin with, perfectly made and perfectly fitted) must be
proportionate to the quantity used.

They all cost money, many of them are very ex-
pensive, and they all add to house-rent, or diminish the
profits of the landlord.

When there is a small garden they are all of them
unnecessary, and it is perfectly idle to contend that there
is greater decency in the use of water apparatus than in
the so-called dry methods. Dry methods do not open
the door for the profit of patentees and others; but if a
little of the ingenuity which has been devoted to the
manufacture and subsequent exclusion of sewer air had
been devoted to the easy use of dry methods of filth
manipulation, many lives would have been saved and
much money also.

It is the fashion of the present day to bring all that
1s nasty into our houses, even though those houses stand
in hundreds of acres of park land. And owners will
spend thousands in order that they and their households
may be in constant danger of sewer gas.

If Jonathan Swift had lived on into the nineteenth
century, assuredly Lemuel Gulliver would have been
made to take a voyage to the modern Hygienic Laputa ;
and possibly Swift’s wit and satire would have been able
to bring people back to the straight road from which
they have gone so dangerously astray.

Great cities which have got fast stuck in a sanitary
quagmire must perforce pay large sums to have their
troubles lessened ; and to that end it is to be hoped that
the almost endless clauses of Sanitary Acts will be of
use. The moral duty of the individual in a city is to
obey the law and assist in every way in its proper
execution.

In rural and semi-rural districts, the individual ought

K
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no more to ask others to keep him clean than he asks
others to feed him or clothe him. He ought to take a
pride in keeping his house wholesome and clean, and he
ought to receive every encouragement from the authorities
if he do so.

In connection with the question of house eonstrue-
tion, the author would venture to make a few addi-
tional suggestions without in any degree trenching upon
the domain of the architect. Architects are educated
for the most part in crowded centres, where the problem
of how to get the greatest amount of accommodation on
the smallest area is paramount, and 1t too often happens
that the town-bred architect, when called upon to build
a house in the country, is unable to cast away the
unwholesome notions which have been engrained upon-
him in the city, and often fails sufficiently to appreciate
that the building of a country residence is a problem
quite distinet from the building of a town residence, and
that nothing is so conducive to the comfort, beauty, and
wholesomeness of a dwelling as is an ample area upon
which to construct it.

In hospital construction the rule has been for many
years absolute that the sanitary offices shall be in de-
tached turrets approached from the main structure by
a short passage having thorough cross ventilation. If
this be good for hospitals why is it not good for dwelling.
houses ? It is considered dangerous for hospital patients
to live and sleep in an atmosphere polluted by sewer gas.
Is it good for those who are well? In the planning of a
country house, the kitchen and offices, cisterns, sinks,
baths, w.c.s, &e., should be in an annexe detached, how-
ever slightly, from the main building, and approached af
every floor by a lobby having cross ventilation. This
annexe should contain no bedrooms, and on no account
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ought there to be any ¢sanitary apparatus’ within the
four walls of the main structure. A bedroom, dressing-
room, bath-room, and w.c. en suite may be a very nice
arrangement for those who are too lazy to walk a few
extra steps, but it ig an arrangement which has killed its
hundreds, and ought never to be employed unless the
bath and w.c. be in a detached turret and approached
by a lobby having cross ventilation. The greatest
luxury in a house is ample area, and no country house
should be more than two storeys high.

I have lately seen two country houses, recently
erected, each of them standing in an ample park. In
the first of these the nurseries were at the top of the
house in a@ third storey, so that the children should have
a maximum amount of stairs down which to fall and
should inhale all the used-up air which might drift up
the staircase from the floors below. It is needless to say
that these nurseries had sanitary offices almost in the
bedrooms. The rest of the house, which in many re-
spects was very beautiful, showed a similar amount of
thoughtlessness in the sanitary arrangement, and the
owner has since died with sore throat and pneumonia.

The second of these houses was equally beautiful. A
picturesque entrance hall led to a fine old English stair-
case which conducted to the floor above. The reception-
rooms, of course, opened into the hall, which in this way,
and by the staircase, provided air or might do so for every
room in the house. Opening by a door in the entrance
hall, and with no separation except the door, was a lava-
tory with tip-basin and w.c. ready without notice to
flood the whole house with poison. The other sanitary
arrangements showed an equal want of thought, and it
is needless to say that such a house could never be
safe.

x 2
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-

Again, I have lately seen a school which had to be
closed in consequence of a slight outbreak of diphtheria.
In this school (standing in twenty acres of ground) the
mistake had been made of not separating the sanitary
offices from the main structure, and as the sanitary
arrangements needed repair, it was necessary to delay
the return of the boys until this had been done. In this
school was a new building containing a dormitory, the
staircase of which led direct to a big bath-room (with
six or eight baths) in the basement. This arrangement
ensured that if any effluvia came up the waste-pipes of
the baths they might travel direct to the dormitory. In
all schools, especially boys’ schools, the sanitary offices,
baths, lavatories, w.c.s, should be in separate structures,
detached and approached by a cloister. If this were
done it would be impossible to poison the boys in their
bedrooms with the effluvia from drains. The accommo-
dation in case of sudden sickness in the night should be
in a detached turret. To allow boys to work or sleep
under the same roof with a sewer-pipe of any kind is
quite indefensible because it is perfectly unnecessary.
The closing of schools in consequence of outbreaks of
filth disease is getting ominously common. ;

School buildings should not be more than two storeys
high, workrooms below, dormitories above. It is not
advisable to place one dormifory over another, or one
classroom over another, because this unnecessarily in-
creases the risk of epidemics, and it must always be
borne in mind that children and young people are far
more susceptible of infection than adults. The example
set by the London Scheol Board is not on any account
to be followed.

What is true of schools is also true of barracks. A
barrack should have ample area, and two storeys should
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be the maximum, and the British taxpayer ought to
insist that the soldiers which cost him so much are not
killed or rendered useless by sewer gas.

The Royal Barracks at Dublin, so noted for typhoid,
have or had three miles of sewer-pipes beneath them.
A soldier at home is supposed to be fitting himself for a
campaign. He ought to be systematically taught ¢eld
sanitation,” and ought not to be allowed fo poison him-
self with sewers. I know something of a barrack in the
South of England where the field-officers’ quarters are
four storeys high with underground kitchens, and ¢ area
oates” as in London. These houses are without a single
square inch of private curtilage but have all ¢ the latest
sanitary improvements,’ so that it was at the time found
necessary to drive a champagne cork into the overflow
pipe of the bath ¢ to keep back the smell when the tide
was rising.’

Equally important with schools and barracks are
hotels, not only because the fashion of living in hotels is
on the increase, but because delicate persons and invalids
who are sent to so-called health resorts have to reside in
hotels which are generally, from the point of view of
health, of the very worst construction. When a ¢ health
resort > becomes fashionable its doom is sealed because
the value of land rises, and that crowding together of
houses commences which always more than counter-
balances the best hygienic efforts in other directions.
The following remarks were penned after an autumn
holiday, during which the writer had been ‘hotel poi-
soned,” and are inserted here by the kind permission of
the proprietors of the Lancet : —

1t 1s a remarkable fact that by no means unfrequently
the first idea which seizes on the mind of an hotel
speculator or his architect is one which is essentially
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destructive. Having decided to ¢ eaploiter’ this or that
district by means of an hotel, he proceeds to erect a
building which is absolutely out of harmony with its
surroundings, and which tends to destroy, in so far as it
be possible for one building to operate in that direction,
those very characteristics which have made the locality
famous or attractive. Instances will readily oceur to
the mind of localities which hotel-keepers have done
their best to spoil. Notable examples are to be found afb
Arcachon, where the brute mass of a huge hotel towers
above the surrounding villas and pine-trees; at Meir-
ingen and Thun, in Switzerland, where, alongside of
rows of chalets and quaint mediseval towers, the barren-
minded architects have placed buildings of which the
best that can be said is that they might pass unnoticed
in a fifth-rate Parisian boulevard ; and at Augsburg, in
Bavaria, where the ¢ Drei Mohren,’ a hostelry associated
with Charles V. and the Fuggers, has been pulled down
and re-erected after a model which is only too common.
The first thing which the writer would impress upon hotel
architects is to be careful to let the buildings harmonise
with the locality. The hotel at which a traveller first
alights on visiting a new district ought to serve as an
introduction as it were, and prepare his mind for the
pleasures which may be in store for him.

The most common fault in hotels is the fact that the
buildings are too high, and occupy an area which 1s
absolutely inadequate for the purpose. In big eities
this may be a necessity, but no such necessity exists in
country places, and the main reason why country hotels
are built on the model of town hotels is probably to be
found in the very simple fact that, as I have hinted,
most architects are town-bred. The provision of ade-
quate area for the inmates is insisted upon by designers
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of hospitals, prisons, and similar institutions, and
perhaps some day the same wise 1deas will prevail
with designers of hotels, which are institutions in which
the inmates are ready to pay handsomely to be made
really comfortable and to be maintained wholesomely.
In hospitals an acre of ground is considered desirable
for each hundred patients; and although this allowance
may be excessive, it is well to bear in mind that, when
numbers are congregated under one roof, it is absolutely
necessary that area in proportion to the numbers be
provided, and it is most important also to remember
that even an excess of cubic space will not compensate
for lack of area. Nearly all hotels stand upon a very
deficient area ; and almost all hotels when full present a
degree of overcrowding which, from a sanitary point of
view, is scandalous. Huge towering buildings, with as
many floors as a warehouse, and perforated with stair-
cases and hoists, so that each floor is ¢ventilated * into
those above and below, may be tolerated for a short
time, but as places for prolonged sojourn or anything
like permanent residence they are most undesirable.
A resident in an hotel ought to be able to enjoy at
pleasure either society or seclusion. In the public
rooms he should find all that movement and gaiety
which constitute the sole pabulum of dull minds, and
which all of us enjoy at times; while, in his own apart-
ment, he ought to find quiet and peacefulness in the
highest degree. This end cannot be attained without
adequate area, and it is notorious that one of the
oreatest defects of modern hotels is the impossibility of
being quiet until all the inmates are in bed and asleep.
In an hotel where prompt service conduces so much to
comfort, it is needless to say that the sources of supply
should be equally accessible from all the living rooms.
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How to combine the possibility of seclusion with accessi-
bility to the basis of supply is the problem for hotel
architects to solve. It is probable that the best plan
would be to place the offices and society rooms in a
central structure, with the kitchen on the top floor, while
the private rooms and bedrooms should be arranged in
wings radiating from such central structures. The
smell of the kitchen is a terrible faet in most hotels, and
it is certainly surprising to find how infinitely rarely do
architects take any trouble even to minimise it. I can
recall one hotel, and only one (at Royat, in Auvergne),
where the kitchen is placed on the top floor of the build-
ing; but I could name several in which the effluvia of
the kitchen are conducted with infinite care into the
bedroom corridors. The old-fashioned plan, which was
common in England, of building inns round an open
court and with open corridors, was good, and the fact that
the court was really open probably prevented unwhole-
some effluvia from reaching the bedrooms. In the
present day it is common to find the rooms arranged,
not round an open court, but around the well of a stair-
case which is closed, and instead of two tiers of rooms,
there are seven, eight, or even more. No worse design
from the point of view of safety, comfort, or wholesome-
ness can well be conceived. With such a design there is
no escape from noise or effluvia; there is a minimum
amount of privacy, a maximum amount of labour in
travelling from the front door to the rooms, and when
these buildings catch fire we can only say: ‘ God help
those who live on the top floors!’ And yet this is the
commonest form of hotel, and the idea seems prevalent
that the height of an hotel is nowadays immaterial,
because the hydraulic lift abolishes (for the guests) the
labour of going upstairs. That these lofty hotels enable
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proprietors to increase their accommodation without
inerease of ground-rent there is no doubt, but there is
equally no doubt that, from the guest’s point of view, they
offer no advantages whatever, unless (which is very doubt-
ful) they cheapen the cost of rooms. Of the hygienic
disadvantages I have already spoken, and it remains only
to be said that, in order to check the drifting of effluvia
and noise from floor to floor, it is absolutely essential that
staircases and lifts should be placed in buildings project-
ing from the main building and provided with indepen-
dent ventilation. The time and labour which are in-
volved by living at or near the top of a lofty building is
self-evident. Theoretically, the lift reduces the expendi-
ture of time and labour to a minimum, but practically
the guest is often willing to incur the labour of mount-
ing rather than wait for the lift. The cost of working
these lifts is, as we have seen, very great.

I have incidentally mentioned the effluvia of an hotel.
These are chiefly due to humanity, cooking, tobaceo, and
drains, and in an average hotel the admixture of these
four ingredients is, I should imagine, very tolerably equal.
It is not necessary to dwell at length on the so-called
¢ sanitary arrangements’ of hotels, especially of con-
tinental hotels. These arrangements are, as a rule,
execrable ; the closets are often of the worst type, the
supply of water is generally deficient, and the sanitary
offices practically always ventilate into the corridors or
shafts of the building. In designing an hotel, provision
ought to be made for placing closets and sinks in turrets
approached by properly ventilated lobbies, so that the
impregnation of the main building with sewer air may
be a little less certain than it is at present. In bigcountry
hotels there ought to be (as there is in every country
house) proper and ample accommodation provided in the
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gardens (approachable by a covered corridor if necessary).
In this way the strain put upon the internal accommoda-
tion would be lessened, and the indecencies, often experi-
enced in a big Swiss kurhaus, would be avoided. Certainly
agentleman’s ‘ garden ’ ought to be provided as one of the
sanitary accessories of an hotel, and it is probable that,
properly managed, a similar arrangement would be wel-
comed by the ladies also. It is inconceivable to what
extent this blind and dangerous practice of keeping
“sanitary offices * within the walls of the main building
1s carried. Quite recently I visited one of the best
known show places in Switzerland—to which a railway
brings hundreds of tourists daily during the season.
Arrived at our destination, luncheon was necessary,
and for luncheon a visit was paid to one out of
several big hotels. This hotel, built in a place where
the price of land can hardly be excessive, was of the usual
type, four or five storeys high, with a central staircase
and shaft running from the entrance hall to the roof.
The entrance hall simply reeked of paraffin and ammonia
plus hotel. The paraffin came from the lamps, the
ammonia from the closets, which opened directly into the
cenfral hall. These closets communicated direct. with-
out traps, with cesspools which received the slops and ex-
crement of this huge establishment. To step from the
pure air of the mountain top to the fearful atmosphere
of this hotel was calculated to impress the mind of one
who, having travelled to a spot where the air should have
been absolutely pure, found that he was to run no small
risk of being poisoned while he ate his lunch! At lun-
cheon one could not but remark the an@mic condi-
tion of several of the waitresses, and this was probably
accounted for by the insanitary condition of the house.
In the present day, hotel advertisements generally
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lay stress on the fact that there are ‘lifts,” a monosyllable
which lets in a flood of light on the general plan of the
building, and indicates with tolerable certainty that the
area of the building is too small for the population it is
designed to accommodate. Possibly some day we may
have hotel advertisements couched in some such terms
as these: ‘ This establishment, standing in extensive
pleasure-grounds, has been designed on the model of a
luxurious counfry house. The main building is only two
storeys high, and has been so designed that all the bed-
rooms may be easily reached without any undue effort.
The sanitary offices are detached from the main building.
The public rooms are also detached, but they are central,
equally accessible from all parts of the house, and so
arranged that the smell of the kitchen cannot possibly
prove an annoyance.” It is needless to say that every
country hotel ought to stand in sufficient ground to enable
it to be independent of any public sewer, and to deal
with its own refuse in a - manner which shall ensure the
safety of the guests, render the soil inereasingly prolifie,
and prove a source of profit to the landlord, rather than
a perennial expense and nuisance.

Leaving the question of general design, we may con-
sider some of the details of hotels. Thick party-walls and
double doors are absolutely essential to ensure the quiet
of the guests. The bedrooms, provided with these re-
quisites, should be of a convenient form. On the Con-
tinent the hotel bedroom is generally too long and too
narrow. The window is often too small, and so heavily
and ridiculously upholstered as to reduce its light-giving
power to a minimum. This arrangement ensures that
the end of the room farthest from the window is nearly
always dark, and as the looking-glass is placed against
one of the side walls, the difficulties of the toilet are very
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great. The bedrooms are often needlessly high, and not.
unfrequently there is a space of two feet or more between
the ceiling and the top of the window. In ‘summer
hotels ' the bedrooms have no chimneys, so that it is
impossible to get a current of air throungh them without
opening the door, and the opening of the door generally
means the admission of suffocative vapours from the
corridor. Ivery hotel bedroom should have a covered
balecony so arranged that in winter 1t can be enclosed by
outside windows. A balcony is in summer a very pleasant
addition to a room, but as an adjunet to an hotel bedroom
it is necessary, in order to afford the occupant a place
for shaking and brushing dusty elothing—a process con-
stantly necessary for a traveller, but one which cannot
be performed except in the open air. It 1s as well fo
state that the balcony is more common in continental
than in English hotels. The thoroughly well-designed
hotel bedroom, carefully ‘fitted* rather than furnished
with an eye to the comfort and well-being of the occu-
pant, is one of those things which may be found when
upholsterers do not happen to be the chief shareholders
in hotel companies. In one particular, hotels on the
Continent are uniformly first-rate, and that is in the ex-
cellence of the beds. These are always comfortable, and
very superior to the beds which are found in English
hotels. Of the rest of the furniture, the less said the
better ; but I cannot refrain from commenting on the
perverted genius of the man who invented the chest of
drawers and washstand in one, so designed that one’s
clean shirts are almost inevitably invaded by a flood of
soapsuds. In a tour of twenty-eight days, 75¢. per diem,
or a total of 21 fr., was paid by the writer for the tin vessel,
and some two gallons of water, which the Englishman
(especially when engaged in active exercise) has the arro-
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gance to demand for the purpose of cleansing his skin.
One need not grumble at the sum paid, but certainly one
has a right to grumble at the difficulty often experienced
in getting this customary sitz-bath. Perhaps, when the
Germans have written a few more freatises on ¢ Haut
Cultur,” hotel proprietors will provide as a matter of
course that which is now wrung from them with difficulty.
The writer can only recall one hotel in which he has
found a sitz-bath supplied without asking, and that hotel
was at Malta, and it is probable that the landlord had
been drilled in this particular by officers of the English
garrison.
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CHAPTER VI
AIR

We all know the importance of fresh air. Our insfinets
have told us this from all time. Nowadays every child
is taught in the Board Schools the scientific proofs of
why we need fresh air, so that any lengthy disquisition
of this point will not be necessary.

We breathe some sixteen times in a minute, and we
take in nearly a pint of air at each breath, or two gallons
every minute, or 120 gallons every hour, or 2,880 gallons
every twenty-four hours. Each pint of fresh air contains
about 15°8 fluid ounces of nitrogen, with 4-19 fluid ounces
of oxygen, and to this is added 008 fluid ounce of car-
bonic acid. We use up the oxygen and we give off
carbonic acid, so that every pint of expired breath
contains still 15-8 fluid ounces of nitrogen, with 3-26
fluid ounces of oxygen, and 0-94 fluid ounce of earbonic
acid. Expired air contains in addition much watery
vapour together with organic matters, which we recog-
nise in ¢ the smell of humanity,” which is always present
in a crowded room, or a closed bedroom which has been
slept in.

Air which has been breathed once is poisonous, and
a man in an kermetically sealed room would soon die.

The constant admission of fresh air to rooms is an
absolute necessity, and were it not for chimneys, ill-
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fitting doors and windows, keyholes, chinks and erannies
in the walls, and the accidental opening and shutting of
doors, suffocation would be a far more common mode of
death than it is.

In order that the air of an apartment may be kept
wholesome, our breath needs constant dilution with fresh
air ; and if we are to keep the amount of carbonic acid
anywhere near its normal point, it is obvious that about
100 pints of fresh air must be admitted for each breath
which is drawn by every person in the room, or abouf
12,000 gallons per head per hour,

For every person in an apartment, there ought to be
an air-hole having the diameter of a gallon measure, and
through this the air should move, with a velocity equal
to 12,000 times the height of a gallon measure, or about
7,000 feet per hour, or about 120 feef per minute, or 2 feet
per second. For every inlet there must be an outlet of
equal size. If the apartment be small and the air-inlet
in a bad position, draughts will be created, because the
large proportion borne by the incoming air to the total
air in the apartment will cause currents to be felt every-
where. If the apartment be big and the inlet be 6} or
7 feet from the ground, and deliver its air vertically, and
if (in cold weather) the incoming air be warmed, no
draught will be caused.

As regards outlets, the ordinary open fireplace is
usually sufficient. It is not advisable to give less than
1,000 cubic feet of space to each occupant of a room. In
prisons, each cell contains about 800 cubic feet of space,
and, says Professor de Chaumont, ‘practically this is
found to be too small.’

Each gas-flame or lamp uses up the air just as a
human being does, so that, in calculating the amount of
cubic space necessary, we must reckon each lamp or gas-
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burner as an individual. It must be remembered that
great cubic space is of no use unless inlets for fresh and
outlets for foul air be also provided.

Ordinary churches are, as a rule, very badly venti-
lated. The cubic space is enormous, but its quantity is
due entirely to height. The area in proportion to the
congregation is very small indeed, and the 700 or 800
people in an ordinary church almost touch each other.
In addition to the people there are often a great many
gas-burners. There is often no ventilation, and it is a
growing custom to replace the plain window, which
might be opened, but seldom was, by a painted window
which eannot be opened even if desired. What is the
consequence of all this? The people give off their 120
callons per head per hour of hot foul breath; this
ascends towards the roof of the nave, and being cooled,
sinks (for carbonic acid is heavy) and envelopes the
congregation, as it were, with a soporific pall. Some
faint, others go to sleep, and the preacher, poor man !
perhaps fancies that the sermon, and not the carbonic
acid, is the narcotic which has acted on his flock.

If any aspirant for clerical honours wishes to gain a
reputation as a forcible and enlivening preacher, let him
first ventilate his church, and let him be sure, whenever
he puts up a stained window which will not open, to
compensate for the loss by putting in a ventilator in
some other place.

Let him also remember that one of the liveliest and
most successful preachers that ever adorned our Church,
honest Hugh Latimer, gained his reputation while
preaching in the open air at Paul’s Cross. In like
manner the theatres, which so successfully spurred the
intellects of the greatest poets of the world (the Greek
dramatists and Shakespeare), were freely exposed to the
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fresh air, and poet and actor alike had the advantage
of audiences in which the critical faculty was neither
blunted nor savaged by the atmospheric foulness of the
place.

We live in an age of public meetings, and throughout
the country there are hundreds or perhaps thousands
of gatherings every day for the purpose of discussing
questions of public interest. How few of these meeting-
rooms are adequately ventilated ; and how much harm
is done by sitting for hours and breathing your neigh-
bour’s breath almost undiluted, it would be difficult to
say! It is tolerably certain that ¢colds’ are caught by
sitting in foul rooms. If air is deficient in oxygen and
is loaded with organic vapours, the elimination of refuse
matter from the blood does not go on properly, and when
we have reduced our bodies to a state to be affected by
any untoward circumstance we suddenly chill the surface
by opening a window or going into the cold night air,
and then we blame the latter circumstance only, and
give little attention o the two or three hours’ preparation
for mischief which we had previously undergone.

‘The open air, even in the most crowded London
streets, 1s always infinitely more pure than the air of
even well-ventilated rooms. The reason for this is that
the volume of our atmosphere is, as compared with the
volume of foul air which escapes from our houses, almost
infinite, and the dilution which foul air undergoes is
infinite.

The foul air is lost as soon as it escapes from our
houses. It is diffused, mixed and blown away. Air
moves at the average rate of 10 miles per hour, 17,600
yards, or 52,800 feet. Taking the area occupied by a
man at 9 square feet, we find that the astonishing
quantity of 475,200 cubic feet, or 2,980,000 gallons, of

L



146 ESSAYS ON RURAL HYGIENE

air per hour rush over the surface of the body of a man
exposed to the open air. It must be remembered also that
in streets and narrow channels the rate at which the air
travels is often greater than in open places, and that in
times of storm and wind the rate at which the air travels
may be four or six times the average. Thus we see that
the air which blows over one man in the open is enough
to meet the respiratory needs of 1,000. If we take the
average London street, 50 feet wide, and flanked by
houses 50 feet high, the area of the cross-section of such
a street would be 2,500 square feet, and the amount of
air passing through each part of such a street per hour
would amount to an average of 132,000,000 cubic feet,
or 825,000,000 gallons, or more than enough for 68,000
men. Thus we see that the purifying action of the air
is, by its enormous volume and diluting power, practi-
cally infinite. The amount of fouling of the atmosphere
by the whole animal life of the world is but as the most
microscopic drop in the bucket. We now see why it is
that infection rarely travels for any distance through
the open air. Well-established cases of infection being
blown from house to house (in the absence of any sub-
terranean communication by sewers, community of
water-supply, or personal intercourse by laundresses,
tradesmen or others) are almost unknown. This is
explained by the above facts, as well as by the further
fact that most organic poisons are quickly oxidised and
destroyed by the oxygen and ozone in the air.

A consideration of the above facts throws no little
doubt upon the teaching of some of our hospital architects,
who insist upon the necessity of separating the various
pavilions containing the sick by enormous interspaces.
As long as the air admitted to a sick-room comes really
from the outside that air will be practically pure, and it
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will make no appreciable difference whether the next
pavilion is 50 or 1,000 feet away. We must be sure,
however, that the air employed for ventilation is really
outside air, and that it has not been used before in
kitchens, or more noisome places, and is not merely
allowed to drift from one part of a building to another,
whether by staircases, corridors, lifts or shoots.

The air which has been fouled by the respiration of
men and animals, by the combustion of gas, oils and
fuel, and by the exhalations from filth, is not only being
constantly diluted but it is constantly being purified.
What we give off, plants need ; what plants give off, we
need. The carbonic acid which escapes from our breath
is absorbed by the green leaves of plants, which convert
the carbon into starch and allied bodies, and give back a
great part of the oxygen in a pure state. During night,
it is true, plants give off carbonic acid, but it is equally
true that at night the respiratory needs of men and
animals are at a minimum. The influence of light,
therefore, by stimulating the elimination of oxygen by
green leaves, has great power over the condition of the
atmosphere. Analyses of air show that there is less
carbonic acid in the neighbourhood of luxuriant vege-
tation than where vegetation is absent. This difference
i1s not great, because of the very free movement of the
atmosphere, hut it 18 quite enough to be measurable.
In close courts of cities the carbonic acid is notably in-
creased ; and in crowded places, such as schoolrooms
and theatres, the amount is dangerously great.

Although rare, it is well to bear in mind that infec-
tion can and does travel through the open air from house
to house. This was well illustrated in the classic in
stance of the spread of small-pox from the Fulham Small-
pox Hospital.

L 2
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In the supplement to the Tenth Report of the Local
Government Board for 1880-81 is a report by Mr.
W. H. Power on the influence of the Fulham Hospital
(for small-pox) on the neighbourhood surrounding it.
Mr. Power investigated the incidence of small-pox on the
neighbourhood, both before and after the establishment
of the hospital. He found that, in the year included
between March 1876 and March 1877, before the esta-
blishment of the hospital, the incidence of small-pox
on houses in Chelsea, Fulham, and Kensington amounted
to *41 per cent. (i.e. that one house out of every 244
was attacked by small-pox in the ordinary way), and that
the area enclosed by a cirele having a radius of one mile
round the spot where the hospital was subsequently
established (called in the report the special area’) was,
as a matter of fact, rather more free from small-pox than
the rest of the distriet. After the establishment of the
hospital in March 1877, the amount of small-pox in the
‘ special area’ round the hospital very notably increased,
as is shown in the table by Mr. Power, given on p. 149.

The table shows conclusively that the houses nearest
the hospital were in the greatest danger of small-pox. It
might naturally be supposed that the excessive incidence
of the disease upon the houses nearest to the hospital
was due to business traffic between the hospital and the
dwellers 1in the neighbourhood, and Mr. Power admits
that he started on his investigation with this belief, but
with the prosecution of his work he found such a theory
untenable.

Now the source of infection in cases of small-pox is
often more easy to find than in cases of some other
forms of infectious disease, and mainly for two reasons :—

1. That the onset of small-pox 1s usually sudden and
striking, such as is not likely to escape observation,
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2. That the so-called incubative period is very defi-
nite and regular, being just a fortnight from infection to
eruption.

The old experiments of inoculation practised on our
forefathers have taught us that from inoculation to the
first appearance of the rash is just twelve days. Given
a case of small-pox then, one has only to go carefully
over the doings and movements of the patient on the
days about a fortnight preceding in order to succeed
very often in finding the source of infection.

In the fortnight ending February 5, 1882, forty-one
houses were attacked by small-pox in the special mile
circle round the hospital, and in this limited outbreak it

Apynssions oF AcuTE SMALL-rox To Funmam HosprTan, ANp INCIDENCE
OF SMALL-roX UPoN HouseEs 1N SsEVERAL DIVISIONS OF THE SPECIAL
Ares, puriNg I'tve Eripemic PeEriops.

Incidence on every 100 Houses within Special
Area and its Divisions

Caszes of
acute | The epidemic periods since open- ! } 0 0
gmall- ing of hospital o n n
foE = ! O total Onzmall On fir at-! e | ses

special | eircle, | ring, i :
hrea: DS} roilel r_uilu1 ring, ring,

|ﬁ—55 mile] §-1 mile

— —_

327 | March-December 1877 . | 1'10 | 347 | 1-37 | 127 | -36
714 | January-September 1878 | 180 462 | 2'35 | 184 | 67
679 | September  1875-Octo- f ,
ber 1879 . . . . .| 168 | 440 | 263 | 149 | -64
202 | October 1879-December
bt 0 S S R - 58 | 186 | 1106 300 = 108
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1881 . R (9 s U S 1 R B LA Pl ol L
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was found, as previously, that the severity of incidence
bore an exact inverse proportion to the distance from the
hospital. |

The greater part of these were attacked in the five
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days, January 26-30, 1881, and in seeking for the source
of infection of these cases special attention was directed
to the time, about a fortnight previous, viz. January
12-17, 1881. The comings and goings of all who had
been directly connected with the hospital (ambulances,
visitors, patients, staff, nurses, &e.) were especially in-
quired into, but with almost negative result, and Mr.
Power was reluctantly forced to the conclusion that
small-pox poison had been disseminated through the
air.

During the period when the infection did spread, the
atmospheric conditions were such as would be likely to
favour the dissemination of particulate matter. Mr.
Power says: ¢ Familiar illustration of that conveyance
of particulate matter, which I am here including in the
term ¢ dissemination,” is seen, summer and winter, in
the movements of particles forming mist and fog. The
chief of these are, of course, water particles; but these
carry gently about with them, in an unaltered form,
other matters that have been suspended in the atmos-
phere, and these other matters, during the almost abso-
lute stillness attending the formation of dew and hoar
frost, sink earthwards, and may often be recognised after
their deposit. As to the capacity of fogs to this end, no
Londoner needs instruction ; and few persons can have
failed to notice the immense distances that odours will
travel on the ‘ air-breaths” of a still summer night.
And there are reasons which require us to believe parti-
culate matter to be more easy of suspension in an un-
changed form during any remarkable calmness of atmos-
phere. IEven quite conspicuous objects, such as cob-
webs, may be held up in the air under such conditions.
Probably there are few observant persons of rural habits
who cannot call to mind one or another still antumn
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morning, when from a cloudless, though perhaps hazy,
sky, they have noted, over a wide area, steady descent
of countless spider-webs, many of them well-nigh perfect
in all details of their construction.’

A reference to the meteorological returns issued by
the Registrar-General shows that on January 12, 1881,
began a period of severe frost, characterised by still,
sometimes foggy, weather, with occasional light airs
from nearly all points of the compass. This state of
affairs continued till January 18, when there was a
notable snowstorm and a gale from the Ii.N.I. For four
days, up to and inclusive of January 8, ozone was present
in more than its usual amounts. During January 9-16
it was absent. On January 17 it reappeared, and on
January 18 it was abundant. Similar meteorological
conditions (calm, and no ozone) were found to precede
previous epidemices.

Mr. Power’s report, with regard to Fulham, seems
conclusive, and there is a strong impression that hos-
pitals other than Fulham have served as centres of
dissemination.

M. Bertillon, of Paris, quoted figures in support of
that opinion. It is a fact of some importance to remem-
ber that small-pox is one of those diseases which has a
peculiar odour, recognisable by the expert. As to its
conveyance for long distances through the air, there are
some curious facts quoted by Professor Waterhouse, of
Cambridge, Massachusetts, in a letter addressed to Dr.
Haygarth at the close of the last century. Professor
Waterhouse states that at Boston there was a small-pox
hospital on one side of a river, and opposite it, 1,500
yards away, was a dockyard, where, on a certain misty,
foggy day, with light airs just moving in a direction
from the hospital to the dockyard, ten men were work-
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ing. Twelve days later all but two of these men were
down with small-pox, and the only possible source of
infection was the hospital across the river.

There are certain poisons which seem to travel mainly
through the air. These are influenza, measles, whooping-
cough, small-pox, typhus fever, scarlet fever, diphtheria,
mumps, and chicken-pox. Typhoid fever may also
travel through the air, and recent investigations have
shown that that commonest of common diseases, con-
sumption or phthisis, is distinetly communicable through
the air. We have seen that contagion in the open air is
so diffused that it is more likely than not to be harmless,
even supposing that it be not destroyed. In dwellings
the risk of contagion through the air is very great, and
a case of measles or whooping-cough, even though it
be confined to one room in a house, is very likely to
infect any other children who may be in the house. In
overcrowded and ill-ventilated rooms, contagious par-
ticles which are given off have but little chance of escape,
and are very likely to be inhaled by somebody else.
Crowded gatherings of children must be reckoned among
the great causes of the dissemination of many of the
diseases of childhood. The risks of contagion through
the air are diminished in proportion to the thoroughness
of the ventilation.

It is an undeniable fact also that consumption of the
lungs has been in many places greatly diminished by
proper ventilation and also by proper drainage, thereby
causing greater healthiness and dryness of the dwelling,
and getting rid of a sewage-sodden soil.

There can be no doubt that our moral responsibilities
with regard to the air we breathe are very great. Our
first duty is not to foul the air ntore than we can help,
to keep all about us clean and pure, and not to allow
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heaps of evil-smelling refuse to collect about our dwel-
lings.

Our next duty is to see that a proper supply of fresh air
is admitted to our dwellings. If this be done there will
be a higher standard of health in the dwelling, more
food will be needed, more work will be done. Of the
economy of giving an ample supply of fresh air there
can be no doubt. Employers of labour should remem-
ber this, and especially those who employ young people.
All work-rooms should have ample cubic space and free
admission of air. The master will then have more work
done, and more cheerfully performed, than otherwise
would be the case.

Take care that every gas-light is provided with a flue
communicating with the outside air. There is no real
diffieulty in accomplishing this; and if it be done, not
only will the gas-light not foul the air, but it will aid in
the ventilation of the room just as the fire does, by
creating a draught up its little chimney.

In school-rooms and other places where mental work
is to be done, good ventilation is of the greatest import-
ance, and has a very great influence on the quality of
the work done.

We must all of us try to set a good example in this
matter of cubic space and ventilation. When, for ex-
ample, we wish to show hospitality to our friends, we must
remember not to stint the supply of the prime necessary
of life. The average London dining-room is perhaps
20 feet by 16 feet by 12, and contains, inclusive of the
space occupied by furniture, &ec., less than 4,000 cubie
feet, or space considered sufficient for five convicts in
prison. If we wish to do honour to our guests we
invite sometimes as many as eighteen, and to wait
upon them we employ four servants, and we light the
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room with half-a-dozen lamps or their equivalent—i.e.
we put into our 4,000 cubic feet of space the equivalent
of twenty-eight people, and we give them 143 cubie
feet of space each, and as we provide no adequate inlet
or outlet for fresh air, it 1s not to be wondered at that
the discomfort often reaches agony point, and that the
conversation lags; nor is it a matter of surprise that
the average London dinner, where you are suffocated
and over-fed, is reckoned among the duties rather than
the pleasures of existence, and that the malaise of the
following day is (often wrongly) attributed to the quality
of the wine.

The ¢ At home,” where 150 persons (not reckoning the
lights) crowd into about 8,000 cubic feet of space, with
something like 50 cubic feet of space each, is, as is de-
monstrated by arithmetic, as nearly as possible three
times as bad as the dinner. Perhaps the day will dawn
when it will be considered ¢ bad form ’ to give your guests
not more than one-twentieth of the enbic space, and far
less than one-twentieth of the fresh air, which is allotted
to criminals.

Again, will nobody set us an example of keeping good
hours? ‘Early to bed and early to rise,” says the old pro-
verb, ‘makes a man healthy and wealthy and wise.” If
we keep what are known as ‘bad’ hours (i.e. the hours till
lately kept by the House of Commons), we are perforce
obliged to spend those hours in rooms artificially lighted
and warmed, and instead of breathing fresh air we breathe
foul. The evils arising from this need not be dwelt upon.
Such a state of existence is hardly compatible with good
health. The M.P. at the end of the session, and the
young lady at the end of the season, are standing ex-
amples of this fact. During the summer there are
about fifteen hours of daylight and nine of darkness. It
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is the fashion to rise about seven hours after sunrise,
and to retire about seven hours after sunset, and the
masses follow the leaders of fashion. Will anybody
calculate the unnecessary waste of gas and other illumi-
nants caused by our obstinate refusal to make use of the
sunlight ? How many cubic feet of carbonie acid and
sulphur ecompounds are poured into the London air in
consequence of this perversity ? How much unnecessary
smoke is poured into it from the same cause? What
advantage, if any, 1s got by converting night into day ?

We have dwelt mainly upon the pollution of the air
by respiration and organic refuse. The pollution by
inorganic matter is, in large ecitfies, scarcely less impor-
tant. The London atmosphere is the dirtiest in the
world. The skin and linen of the Londoner are grimy
in a few hours after cleansing. As a consequence the
Londoner is always washing, and he makes a boast of
his enforced cleanliness, instead of being ashamed of the
grimy cause of it. It is always well to make a virtue of
necessity.

The London air is loaded with soot from chimneys,
and with carbonic acid and sulphur compounds, the re-
sult of the combustion of coal and gas. In dry weather
also it reeks of ammonia given off from the streets un-
washed by rain and covered with horse-droppings. Only
a very few plants will live in London, and none of them
can be said to flourish. There is not a rose and scarcely
a fir-tree of any kind in the metropolis. The leaves of
plants are choked with soot, and they are killed by the
acid in the air.

This state of things has grown with the growth of
the city. At present there are probably few ladies strong
enough to walk from Charing Cross in a straight line into
the real country in any direction,
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If the wind were to drop to a dead calm for a week
many of the dwellers in the centre of London would cer-
tainly be killed or seriously affected by the overcharged
atmosphere. When cold and calm coincide we get fog
and darkness. In December 1873 the death-rate in the
central districts rose from 18 to 43 per 1,000 from this
cause alone, and deaths from diseases of the respiratory
organs were 551 above the average. At this time 1t was
found necessary to remove 36 out of every 100 animals
exhibited at the Smithfield show, and of those removed
-many had to be killed. They were victims to fog.

We have not improved since then, and, in spite of all
our efforts, the smoke will remain proportionate to the
number of houses.

There can be little doubt that the domestie fireplace
is the main cause of the trouble, and therefore it becomes
the moral duty of the householder to burn as few coals
as possible in order to diminish the smoke. The better
the combustion of the coals the greater the heat given
off ; less fuel is consumed, and less smolke escapes up the
chimney. It is cheap and comfortable to diminish the
smoke of our fires, another added to the many mstances
already given of the thriftiness of good sanitary morals.

Grates of fire-clay with solid bottoms are a great 1m-
provement on the old-fashioned grates, and save quite a
fourth of the coal. Here is comfort and hope.

It is difficult, however, to get even small improve-
ments effected in houses held on short lease, and espe-
cially when improvements are ‘compensated’ for by
increased rents and rates. Our comfort dwindles and
our hopes are dashed.
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CHAPTER VII

WATER

WarEr is an article of first necessity to all of us. With-
out pure water there cannot be health. Pure water has
served moralists of all times as a symbol of purity.
The Christian Sacrament of Baptism is an instance of
this.

Our moral responsibility with regard to water should
be to regard its purity as something too sacred to be
defiled. In this Christian land, however, there is
gcarcely a watercourse which is not polluted, and many
of our loveliest rivers have been wantonly converted into
sewers.

In his introduction to ‘ The Crown of Wild Olive,’
Professor Ruskin gives an eloquent description of our
swinish apathy with regard to water. The passage is so
beautiful, that no apology is needed for quoting it in
full.

‘ Twenty vears ago there was no lovelier piece of low-
land scenery in South England, nor any more pathetic
in the world, by its expression of sweet human cha-
racter and life, than that immediately bordering on the
source of the Wandle, and including the low moors of
Addington, and the villages of Beddington and Carshal-
ton, with all their pools and streams. No clearer or
diviner waters ever sang with constant lips of the hand
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which ¢giveth rain from heaven’; no pasture ever
lightened in spring-time with more passionate blossom-
ing; no sweeter homes ever hallowed the heart of the
passer-by with their pride of peaceful gladness—fain
hidden, yet full confessed. The place remains (1870)
nearly unchanged in its larger features; but with deli-
berate mind I say, that I have never seen anything so
ghastly in its inner tragic meaning—not in Pisan
Maremma—not by Campagna tomb—mnot by the sand-
isles of the Torcellan shore—as the slow stealing of
aspects of reckless, indolent, animal neglect over the
delicate sweetness of that English scene. Nor is any
blasphemy or impiety, any frantic saying or godless
thought, more appalling to me, using the best power
of judgment I have to discern its sense and scope, than
the insolent defiling of those springs by the human
herds that drink of them. Just where the welling of
stainless water, trembling and pure, like a body of light,
enters the pool of Carshalton, cutting itself a radiant
channel down to the gravel, through ways of feathery
reeds, all waving, which it traverses with its deep
threads of clearness, like the Chalcedony in Moss-agate,
starred here and there with the white Grenouillette ;
just in the very rush and murmur of the first spreading
currents, the human wretches of the place cast their
street and house foulness ; heaps of dust and slime and
broken shreds of old metal, and rags of putrid clothes,
which, having neither energy to cart away, nor decency
enough to dig into the ground, they thus shed into the
stream, to diffuse what venom of it will float and melt,
far away, in all places where God meant those waters to
bring joy and health. And in a little pool behind some
houses farther in the village, where another spring rises,
the shattered stones of the well, and of the little fretted
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channel which was long ago built and traced for it by
gentle hands, lie scattered, each from each, under a
rugged bank of mortar and scoria, and bricklayers’
refuse, on one side, which the clean water, nevertheless,
chastises to purity; but it cannot conquer the dead
earth beyond ; and then circled and coiled under fester-
ing scum, the stagnant edge of the pool effaces itself into
a slope of black slime, the accumulation of indolent
years. Half-a-dozen men, with one day’s work, could
cleanse those pools and trim the flowers about their
banks, and make every breath of summer air above
them rich with cool balm, and every glittering wave
medicinal, as if it ran, troubled only by angels from the
porch of Bethesda. DBut that day’s work is never given,
nor, I suppose, will be; nor will any joy be possible to
heart of man for evermore, about those wells of English
water.’

If poetry may be defined as the art of conveying
absolute truths in the most beautiful and forcible lan-
guage attainable, of at once compelling the intellect and
gratifying the senses, then the above passage must take
a high rank among short English poems, for its beauty
is equalled by its matter-of-fact truth.

Unfortunately for the purity of English waters, the
Public Health Act of 1848 encouraged the emptying of
town sewerage into rivers, and we are still taught as one
of the chief tenets of our sanitary creed that we should
dirty as much water as possible in washing away from
our houses filth which ought to be buried. As a con-
sequence of this, pure water is becoming daily more
difficult to get, and nowadays it is considered safer and
better to drink water—hard, charged with carbonic acid,
and deficient in oxygen—which has been raised at infinite
cost from the depths of the earth, than to drink of the
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‘brook which babbles by,” with every bubble freshened
by the air and charged with its maximum amount of
oxygen. The reason for this is that the brook has almost
certainly been fouled by receiving the filthiness from
dwellings nearer to its source, and the natural conse-
quence is the reflection that, if the brook has already been
fouled, a little more fouling can do no harm, and thus
the brook gathers sewage as it flows, till, having passed
through sundry towns in its course, it flows out to sea a
seething, stinking sewer.

We all of us deplore this state of things, but few of
us, in thinking of the cause of such filthy impurity, ever
pause to put to ourselves the solemn question, ‘Is it 1?2’
We inveigh against the ¢Board,” we say that such a state
of things is disgraceful, we shut our eyes to the fact that
the disgrace falls upon ourselves as well as others; and
even though we may be favourably ecirecumstanced for
doing our duty towards the watercourses, the pangs of
conscience are seldom sufficient to make us stop our
quota of pollutions; at least to do our own duty, and,
doing it, set a good example to others.

Richard the Second (whose advisers probably remem-
bered the epidemics of ¢ the Black Death ’ in the reign of
his grandfather) passed an Act in 1388 which imposed
a penalty of twenty pounds (worth how much of our
money ?) on persons who fouled ditches and rivers with
filth and refuse, and in 1876 Parliament passed an Act
intended to save rivers from pollution. This Act is put
in force against ¢ Boards’ and ¢ Authorities ’ (with how
much success the Thames, the Mersey, and the Clyde
will testify), but is seldom enforced against individuals ;
and although it is often easy for an individual to cease
polluting a watercourse, it is often impossible for a
sanitary authority to do so in the face of the apathy of
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the individuals by whom the members of the ¢ Board’
have been elected.

Not unfrequently the ¢ Board’ is content to let the
individuals alone, because millions spent in sewers and
other millions spent in waterworks is ¢ good for trade’
in general, and, possibly, specially good for the special
trade of some of the members of our local parliaments.

The demon of self-interest has always to be reckoned
with when devising measures intended to benefit the
public health.

Many diseases are caused or conveyed by impure
water, the most notable being cholera and enteric fever.
Let us take the commonest of these diseases, enteric or
typhoid fever. The patient who is attacked with typhoid
18 attacked insidiously; he suffers from the disease,
generally days, sometimes weeks, before its nature is
recognised. The poisonous excreta of this patient pass
into a watercourse or perhaps into a cesspool (a pit in
which excrement and water are commingled), and the
water leaks from the cesspool into the well, and then
those who drink of the well suffer in their turn from
typhoid.

Water thus poisoned by leakage usually bears evi-
dence, both physical and chemical, of its contamination,
but this does not appear to be necessarily the case, and
‘there are instances of tainted waters being pleasant to
the eye and palate.

That the germs of cholera and typhoid will live in
water is certain, and their power of diffusion through
water is infinite. One dejection from a typhoid patient
is theoretically capable of infecting an almost unlimited
volume of water. The mischief which one case of typhoid
‘may do is told by Professor de Chaumont in ¢ Our Homes.’
¢ A very remarkable case was investigated a few years

M
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ago by Dr. Thorne Thorne at Caterham and Redhill,
Surrey. The Caterham Water Company found that they
were unable to supply the whole district with their ex-
isting arrangements, and in the more remote part of
the district they were obliged to get part of their supply
from a neighbouring company. In the meantime they
determined to enlarge their sources of supply by digging
additional wells, and cutting and enlarging the adits
from one to the other. Careful arrangements were
made to prevent contamination of the water during the
work, and the men were instructed to carefully avoid
fouling the water with any excremental matter. One of
the workmen, newly taken on, was suffering, unknown
to himself, from a mild attack of typhoid fever, accom-
panied with diarrheea, and he confessed that he was
obliged not only to have resort to the buckets, but even
to make use of the adit itself, on emergency. About
twelve or fourteen days after he began to work typhoid
fever began to show itself among the consumers of the
water ; the disease spread rapidly, and about 350 cases
with several deaths took place. When Dr. Thorne
Thorne investigated the circumstances, one remarkable
fact became evident—viz. that the disease was almost
entirely confined to that part of the distriet supplied
with the company’s water pure and simple, whilst the
outlying part, which was only partially supplied from
the company's wells, but whose chief supply was from
those of the neighbouring company, remained nearly
free from disease. This fact, joined with the other, that
the disease broke out just about the usual time after the
workman must have been the cause of contaminating
the well, pointed clearly to the Caterham Company’s
water as the medium of contagion. Another corrobo-
rating fact was, that at the Lunatic Asylum, where the
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water-supply was from a deep well on their own premises,
the inmates remained free from the disease; and at the
barracks, the Guards, who also drank the water of the
Asylum well, did not suffer. The latter was a pure
water, as I had an opportunity of analysing it myself.
The remedial measures adopted were to stop the supply
of water at once, to pump the wells dry several times, to
gcrape the sides of the wells and the adits and wash
them with chloride of lime, and to throw large quantities
of Condy’s fluid into the water. From that time the
disease entirely ceased. No more marked proof could be
given of the transmission of the disease through water.’

No more marked proof could be given of the enormous
diffusion which takes place when typhoid poison is mixed
with water, and of the dangers which necessarily attend
upon water-carried sewage. If we foul the brooks, rivers
and wells which are about our houses we must rely on
water companies for the first necessary of life, but if the
common source gets poisoned we encounter epidemics of
an extent unknown before.

The following case which is quoted (in German) in
the sixth report of the Rivers Pollution Commissioners
tells a similar tale; and it also tells us that typhoid
poison cannot be removed from water by the most per-
fect underground filtration. The ensuing version of the
‘ Lausen case ’ is taken, however, from Mr. Noel Hartley’s
little book on < Water, Air and Disinfectants,’ published
by the Society for Promoting Christian Knowledge.

In the village of Lausen, near Basle, in Switzerland,
which had never within the memory of man been
visited by epidemic typhoid, and in which not even a
single case had occurred for many years, there broke
out in August, 1882, an epidemic, which simultaneously

attacked a large portion of the inhabitants. About a
M2
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mile from Lausen, and separated from it by the moun-
tainous ridge of the Stockhalden, which was probably an
old moraine from the glacial epoch, lies a small parallel
valley—the Firlerthal. In an isolated farmhouse,
gituated in this valley, a farmer, who had just returned
from a long journey, was attacked by typhoid fever on
June 10. During the next two months three other cases
oceurred in the same house. The inhabitants of Lausen
were entirely ignorant of what had oceurred in this
solitary mountain farm, which was cut off from all com-
munication with the rest of the world ; when on August 7
ten of the villagers were suddenly struck down by typhoid
fever, whilst during the next nine days the number of
cases had already increased to 57 out of a population of
780 persons living in 90 houses. In the first four weeks
the number of cases reached 100 (that is to say, that
out of every 100 persons in the village more than 12
were attacked); and altogether, to the close of the
epidemic at the end of October, 130 persons, or 17 in
every 100 of the population, were attacked, besides 14
children who were infected at Lausen during their
summer holidays, and became ill after their return to
school in other localities. The fever cases were pretty
equally distributed throughout the entire village, but
those houses (six in number) which were supplied with
water from their own private wells, and not from the
public fountains, were entirely exempt. This remarkable
difference led to a suspicion that the public water-supply
was connected with the cause of the epidemie, although
the apparent immaculate source of this supply seemed
to negative any such suspicion.

The water came from a spring situated at the foot of
the adjacent Stockhalden ridge. It was then received
in a tank lined with brickwork and carefully protected
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from pollution ; nevertheless, a careful investigation of
the source of this spring placed beyond doubt the origin
of the infection.

Ten years previously it had been proved that direct
water communication through the intervening mountains
existed between the spring and a brook in the Fiirlerthal,
flowing past the farmhouse in which the typhoid fever
cases occurred. At that time (i.e. ten years before) there
was spontaneously formed, by the giving way of the soil
for a short distance below the farmhouse and close to the
- brook, a hole about 8 feet deep and 3 feet in diameter, at
the bottom of which a moderately clear stream of water
was observed to be flowing. As an experiment the whole
of the brook water was now diverted into this hole, at
the bottom of which it entirely disappeared, but in an
hour or two the spring at Lausen, at that time nearly
dry from a long drought, overflowed with an abundance
of water which was turbid at first, but afterwards clear,
and this overflow continued until the Firler brook was
again confined to its bed. It was, however, afterwards
noticed that, whenever the meadows below this hole were
irrigated with the water of the Furler brook, the volume
of the Lausen water-supply became greatly augmented a
few hours afterwards. Now this irrigation, practised
every year, was carried on in the summer of the epidemie
from the middle to the end of July, the brook being
polluted by the dejections of the typhoid patients—for it
was in direct communication with the closets and dung-
heaps of the infected house, whilst all the chamber-slops
were emptied directly into it, and the dirty linen of the
patients washed in it. Soon after the irrigation had
begun the water-supply to Lausen, which was at first
turbid, acquired an unpleasant taste, and increased in
volume. About three weeks after the commencement of
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the nrrigation the sudden outbreak of typhoid fever in
Lausen occurred.

In his search after the cause of this outbreak, Dr.
Higler, of Basle, did not rest satisfied with the evidence
just recorded, but supplemented it by the following
mgenious and conclusive experiments : The hole in the
Furler was reopened and the brook again led into it;
three hours later the fountains at Lausen delivered
double the quantity of water.

‘ Eighteen hundredweight of salt, previously dissolved
in water, was now poured into the hole, and soon the
water at Lausen exhibited a great increase of saltness,
until the solid matter in the water increased threefold.
The passage of the Furlerthal water to the fountains of
the fever-stricken village was thus ascertained beyond
doubt. DBut another interesting question here presented
itself: did the water find its way through the Stock-
halden by a natural open conduit, or was it filtered
through the porous material of the old moraine ?’

‘To decide this point 2% tons of flour were first care-
fully and uniformly diffused in water, and then thrown
into the hole; but neither an increase in the solid con-
stituents nor the slightest turbidity of the Lausen water
was observed after this addition.’

This remarkable case shows :—

1. That the power of mischief possessed by water-
carried sewage is enormous.

2. That the diffusibility of typhoid poison in water
is practically infinite.

3. That water containing typhoid poison may not be
purified by filtration through nearly a mile of solid earth
(a filter fine enough to arrest particles of wheat flour),
although it must be borne in mind that the filter in this
instance was deeply buried and that the certain absence
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of air and aerobic microbes rendered the oxidation and
purification of the water passing through it an impos-
sibility. The fact, also, that the Lausen water became
turbid when the Furler brook overflowed seems to indicate
that, although the flour-experiment gave a negative
result, solid particles were, nevertheless, able to find their
way through the Stockhalden ridge.

4. That large typhoid epidemics are favoured by a
water-supply common to many people, if by mischance
that water-supply gets fouled.

Medical literature is crowded with instances of mis-
chief caused by water being contaminated by leakage
from sewers and cesspools. The fact is so well esta-
blished that it is not necessary to weary the reader with
instances. The above cases show clearly, (1) that one
man has infeeted 850 others; and (2) that infections
may travel for a mile through an underground filter.

In the face of the Lausen case it would almost seem
that the absolute protection of a water-supply is nearly
impossible.

Deep wells which are sunk in chalk or any other
porous soil are liable to pollution from foulness find-
ing its way into them from the surface or through
cracks or fissures in the soil, and this danger is propor-
tionate to the amount of water pumped from the well.
Professor de Chaumont says'!: ‘The area of surface
drained by wells is a question of some difficulty. It has
been stated as a circle the radius of which is the depth
of the well; but this appears to be a grave understate-
ment of the case, if we look to the evidence which has
been obtained from the effects of pumping upon distant
wells, or the way in which wells have sometimes been
drained by outflows of water at distant lower levels, A

v Qur Homes, p. T87.
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well in a gravel and sandy soil in South Hampshire was
found to be drained dry in consequence of an outflow of
water in a gravel pit dug a considerable distance off.
The difference of level between the higher point (that is,
the bottom of the well) and the lower (the outflow at the
gravel pit) was 21} feet, the distance between the two
1,720 feet ; so that the area drained had a radius equal
to eighty times the depth, here represented by the fall
or difference in level between the two points.’

Messrs. Rogers Field and Wallace Peggs have, in the
same work, given us the following instructive informa-
tion :—

‘Deep wells are much less liable to contamination
than shallow wells, but even they are not safe from the
insidious influence of cesspools. A very striking in-
stance of this occurred at Liverpool some years ago in
the case of the Dudlow Lane well, sunk in the New Red
Sandstone formation. This well was situated in a sub-
urban district some distance from Liverpool, and was
247 feet deep with a bore hole at the bottom, another
196 feet deep, making 443 feet altogether. The effect of
the continuous pumping from this well was to dry the
wells of the houses in the neighbourhood, and these were
then used in several cases by the householders as cess-
pools. The consequence was that the water in Dudlow
Lane well was gradually polluted, and in five years after
the well was constructed it had to be disused.’

The following is the official report of the Water Com-
miitee on the matter :—

‘ In the case of the Dudlow Lane well the committee
were compelled to cease pumping from February 1872 to
May 5, 1873, in consequence of the dangerous extent to
which the water was contaminated. It was ascertained
that the evil was mainly due to percolation from cess-
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pools and disused wells which had been receptacles for
drainage ; and the committee caused the communica-
tion with several of these to be temporarily diverted, at
the same time pressing the local authorities, and co-ope-
rating with them, to carry out a complete sewerage
scheme for the district. By these means the quality of
the water was so far improved that it was brought with-
in the limits defined by the Rivers Pollution Commission
as “reasonably safe,” and the pumping was resumed.’
Now we are told that the danger of contamination of
deep wells is not due merely to their depth but still
more to the depression of the level of the water which is
caused by the pumping. When the demand for water
is great and the pumping is severe the flow of water
from the soil around the well into the well itself is con-
siderable, as the distance to which the influence of the
pumping extends depends so much on the depression of
the water due to the pumping; it is convenient to ex-
press this distance in terms of the depression, or, in other
words, to say that the distance the well draws is twenty
times the depression, thirty times the depression, and so

on. This distance is most important from a sanitary
] ' I Extreme |
| distance Ratio
Depression| to which of
Locality Authority Nature of strata of water | influence | distance
| in well of to
pumping | depreszsion
extends
| | ft. in. it.
Nuremberg(1l)| Thiem Fine sand 1 4 33 24
L {2] 1% 1" ! 2 2 233 156
Dresden . Salbach . | Fine gravel . .| 8 2 108 | 22
Leipsic . Thiem Very coarse
gravel . 6T 1,050 160
Gravesend . |Clutterbuck Chalk. . . . |10 6 600 57
Liverpool Deacon . | New Red Sand-
| stone . 82 0 [11,710 143
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point of view, determining, as it does, not only whether
one well will influence another, but whether or not a
well will be polluted by a cesspool or other source of
contamination in the neighbourhood, and we have there-
fore given a few examples of the distance under different
circumstances :—

From the foregoing table it will be seen * that the dis-
tance to which the influence of pumping extends varies
greatly in different cases, being in one case only fifteen
times the depression, and in another as much as 160
times the depression. The chief circumstance which
seems to influence the distance is the degree of permea-
bility of the strata through which the water has to per-
colate. In fine sand and fine gravel, where there is a
large amount of resistance to the passage of the water,
the distance varies from fifteen to thirty-nine times the
depression. In the chalk, where fissures exist which faeili-
tate the passage of water, the distance is fifty-seven times
the depression.’

Thus it appears that even the deepest wells may be
fouled by cesspools, and if by cesspools, equally by leak-
ing drains or sewers. And since we cannot know when
a cesspool or a deeply buried sewer begins to leak, it is
impossible to feel quite secure with regard to water-
supply from deep wells in the chalk, which is just now
the most popular source for water, and is being largely
recommended. The danger of contamination from a
distance is (in the case of chalk and other porous soils)
proportional to the depth of the well, and also in some
degree to the demand made upon the well for water ; so
that a public well may not prove dangerous until popu-
lation has increased around it and the demands made
upon the well have proportionately increased.

With regard to the pollution of wells, it must be
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pointed out (1) that such pollution is almost always
from wunderground sewers or cesspools, the contents of
which have had no chance of aeration and purification ;
(2) that such pollution is caused by leakage—i.e. the
direct irruption of water from cesspools, &c., into wells
without filtration of any kind; and (3) that water in
sewers and cesspools, when it begins to leak, is under the
pressure of a superincumbent column of water, and
hence the burrows which it gradually forms extend long
distances. The mechanical conditions of water thrown
on the surface of the ground and water stored in under-
ground tanks are entirely different—as different as are
the biological conditions.

Let us look at the possibilities of a typhoid epidemic
from the pollution of a public well. At Lausen we saw
that 19 per cent. of those who drank the polluted water
suffered from typhoid, and if the same proportion be
maintained in other instances, then we might reasonably
expect, in the case of typhoid poison finding its way into
a public well, that nineteen would suffer out of every 100
persons dependent upon that well for their water—190
persons in a population of 1,000; 1,900 persons in a po-
pulation of 10,000 ; or 19,000 persons in a population of
100,000. Of those attacked 5 per cent. at least would die.

Water companies throughout the country ought to
be made liable to an action for damages in the case of
their water being turned to poison. The most vigilant
supervision must be maintained in order to prevent
contamination ; and frequent analyses should be made
by independent analysts at the expense of the company.

It 1s, we have seen, an easy matter to foul rivers,
watercourses and wells. How can water be purified
when once fouled ? Filtering only removes coarse float-
ing impurities, and most certainly is not to be relied
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upon for the removal of typhoid poison. When a filter
has been too long in use it may dirty the water instead
of cleaning it. Filters of sand which are used inter-
mittingly, and which are thoroughly aerated, seem to be
the best, and to be able (by means of organisms growing
in them) to oxidise much organic matter.

Boiling will probably destroy typhoid and similar
poisons; but boiling for a short time only is, as is well
known, not absolutely reliable.

Evaporation and recondensation is a sure method of
purification. This is being done for us constantly by
the sun, which evaporates the water which falls upon the
earth, raises it in clouds, and gives it back to us again as
rain. Nature is constantly engaged in purifying the
water.

If we wish to have a constant supply of pure water
near at hand we must religiously abstain from careless
water pollution. Prevention is better than cure, and it
is far easier to stop water pollution than to remedy it.

In rural and semi-rural places water should never be
used for carrying exerement ; and building should be so
controlled that water-carried exerement may not become
necessary. Water fouled by domestic use should be
thrown on the nearest available piece of ground. Some
will be thus evaporated, some will be absorbed together
with much organic matter by the roots of growing plants;
and the rest will filter slowly through the earth and find
its way to a watercourse in a state of practical purity.

During the summer months, while vegetation is
vigorous and the temperature high, scarcely any of the
water will soak far away, but all will be evaporated and
absorbed by the roots of the plants. Trees and vege-
tables, be it observed, are the best and really the only
effectual scavengers. They also suck the water from the
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goil and keep it dry. It has been estimated by Pettenkofer
that an oak tree with 711,592 leaves will, during the
summer, evaporate 82 times the amount of rain falling
on the ground which it covers. The Fucalyptus globulus
will evaporate eleven times the rainfall. We should always
expose waste water to the air and to alternations of tem-
peratuve ; the heat or the east wind will dry it up and
stop the growth of organisms; cold will freeze it, and
equally stop the growth of organisms. In sewers and
cesspools there is neither heat nor cold, summer nor
winter. In that muggy damp atmosphere evaporation
and oxygenation are impossible. And waste water, after
travelling miles of pipes, is not appreciably diminished
in volume, and is charged in addition with whatever of
impurity it may have met with in its dark journey.

From what has been said it will be gathered that
cesspools ought not, under any circumstances, to be per-
mitted. If they be mere holes dug in a porous soil,
their contents may soak nobody knows where ; if they
be impermeable, they are still hot-beds of filth-disease,
which affect those in the neighbourhood.

There is all the difference imaginable between a cess-
pool and an old-fashioned privy. The latter was more
or less open, but little liquid found its way into it, and
evaporation rendered the contents so solid that soakage
and leakage were, if not impossible, at least difficult of
occurrence.

A cesspool receives water, and its contents must soak
away, diffusing poison through the earth. The constant
pouring of liquid slops into the same hole day by day is
sure to cause cracks and fissures in the soil, and the
pressure of water is sure to force an outlet often where
least suspected.

Cesspools must be written down as the most immoral
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of all insanitary subterfuges, and their construection
should be absolutely disallowed. Exerement should
never be allowed to come into contact with water. Open
channels are better than closed pipes for the escape of
waste water from houses.

Closed sewers should only be resorted to in cases of
the direst necessity and with a full sense of their danger.
And solid exerements (which are often dangerous poisons)
should be kept out of them lest the diffusions of exerement
poison become co-extensive with the sewer.

Under existing conditions surface wells are not safe
sources for water. A well of moderate depth, protected
from surface drainage and in the middle of a well-
cultivated plot of ground, would be a safe source for
water if no cesspools existed. Surface wells in towns,
the soil of which is exerement sodden, are little better
than cesspools, and they are highly dangerous. The
most dangerous surface wells of all are probably those
in big towns like London, where, owing to the gas in
the earth and the sulphur in the air, vegetation is at
its minimum.

As we have seen, no method of purifying fouled
water short of evaporation does anything but remove
the coarse impurities. Neither domestic filtration nor
filtration by public bodies can be regarded as certainly
reliable for ridding water of organic poisons. The
schemes which are so general throughout the country
for precipitating and filtering sewage water succeed only
in making the water less objectionable to the senses.
They often add to the amount of dissolved matter in the
water, and certainly leave the organie poisons untouched.
All this is recognised and stated by the Rivers Pollution
Commissioners in their sixth report made to Parliament
in 1874, and yet we find the sanitary authorities of
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this country countenancing and even encouraging such
schemes (notably in the Thames Valley), well knowing
that, after the expenditure of millions of capital and a
large annual outlay, the Thames water will be even less
fit for drinking purposes than it was before. While these
schemes are countenanced, be it observed, there is no
attempt to make individuals do their duty.

The idea seems general that it is impossible to
supply too much water for the daily use of households.
This is very questionable. FEnough is as good as a
feast. No very large amount of water is needed for the
attainment of absolute cleanliness, both personal and
domestic. The man who is minded to be clean will
attain his end with a small amount of water; and even
though we take a river to those who love dirt, they will
make no use of it.

It is certainly not advisable to dirty more water than
is necessary, because by law the water must be purified
again before it returns to the river, and this entails end-
less expense on sanitary authorities.

If those who rely on public bodies for their water-
supply are made to 