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PREFACE TO THIRTEENTH EDITION.

ALTHOUGH the Twelfth Edition of this work was published
only a little more than a year ago, it has been found
necessary, owing to recent progress in various branches
of public health work, to revise this edition. This applies
especially to the chapter dealing with sewage disposal.

The Appendix on Sanitary Law has been entirely

re-written.
G. R.



PREFACE TO FIRST EDITION.

TaE question of sanitation is one which is now attracting the
serious attention of the general public. People are beginning
to enquire for themselves into matters which, hitherto, they
have closed their eyes to. The necessity for no longer allowing
grave sanitary defects to exist in our houses and their sur-
roundings is now generally acknowledged, and this has led to
a demand that plumbers shall possess a sound knowledge of
their work. The action of the Sanitary Institute in encourag-
ing a desire on the part of Inspectors of Nuisances, or as I
generally designate them in this book, Banitery Inspectors,
to aoquire a practical and scientific knowledge of their duties,
supported in many instances by Sanitary Authorities, who make
it & condition that such Officers shall hold a certificate of quali-
fication, has greatly helped on the cause of Sanitation.

In the autumn of 1890 I delivered a course of lectures on
Sanitation, in Stafford, under the auspices of the County
Council. The ocourse was principally intended for Sanitary
Inspectors in the county, but others, including Members of
Local Authorities, builders, plumbers, and a section of the
general public interested in the subject, availed themselves of
the invitation to attend.

This lecture scheme attracted the attention of the Sanitary
Institute, who, the following year, in conjunction with the
Oounty Oouncil, organised a second course of lectures in
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Stafford, the lecturers being well-known specialists. At the
termination of this course, an open examination was held at
Stafford by the Sanitary Institute, for which, in addition to
candidates from other parts of England and Scotland, twenty-
five Staffordshire Inspectors entered; of these, twenty-three
satisfied the examiners, and obtained the certificate of the
Institute,—by far the largest percentage of passes that had
been recorded since the institution of the Examination about
ten years ago. ’

Hitherto, such Lectures have been delivered in London only,
but, recently, the example set by Staffordshire has been followed
in other counties and towns, for example, Derbyshire, the
‘West Riding of Yorkshire, Oardiff, and Newcastle-on-Tyne, and
it is likely that the movement will extend still further.

On the termination of the first Qourse of Lectures, I was
requested by those who attended the Class to publish them,
but this I could not do, as they had been delivered from notes
only. It occurred to me, however, that a Hand-Book on
Practical Sanitation, arranged specially for Sanitary Inspectors
and others engaged in the work, although written in a form
which would be useful to the general reader, and, possibly, to
Students of Technical Instruction Olasses, would fill what
would appear to be a vacant corner in the literature of the
subject.

With this object I have compiled these pages, which include
descriptions of insanitary as well as sanitary work and ap-
pliances, illustrated by numerous diagrams.

As the end for which sanitary appliances are designed may
be entirely defeated through the ignorance or culpability of
the workmen employed in fixing them, attention has been
paid to the details of plumbing and drainage work,—sufficient,
it is hoped, to enable Sanitary Inspectors to recognise faulty
work, and appreciate the dangers that may arise from it.

The subjects of Sanitary Law, Model Byelaws, and other
matters which are not of such general interest, are introduced
in the form of an Appendix, which has been carefully compiled



viii PREFACE,

by Dr. Herbert Manley, Medical Officer of Health for the
Oounty Borough of West Bromwich, with a view more
especially to meeting the wants of the Sanitary Inspector.
This Appendix also deals with the duties of Sanitary Inspectors
and their relations to the Sanitary Authority and the general
public.

G R

S7asP0RD. June, 1892
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PRACTICAL SANITATION.

OHAPTER 1.
INTRODUCTORY.

Berork discussing the details of sanitary work, time will not be
wasted if we take a brief glance at the past history of sanitary
science or Hygiene. ,

According to the late Prof. Parkes, hygiene is a science which
aims at rendering growth more perfect, decay less rapid, life
more vigorous, and death more remote. Our conditions of life
are unnatural. Commerce brings us together into densely popu-
lated areas, too small to admit of cleanly surroundings; by
reason of this, we breathe unwholesome air, and drink con-
taminated water; our food, either from our poverty or over
indulgence, is not fitted for our requirements ; vice and drink
play their parts in the production of disease; and all these
combined have resulted in the transmission of enfeebled con-
stitutions less able to withstand the hardships to which they
are exposed.

To correct the defects of our surroundings and habits is the
aim of hygiene, and although it may not be possible, owing to
the necessities of the times in which we live, to arrive at an
ideal state of existence, much may be done, as indeed much has
been done, towards that end, and, in time, the influence of
heredity, which, through our own faults, has hitherto told in a
deleterious direction, will act as an all-powerful ally in improving
the stamina of the race.

In recent years more especially, the attention of eminent
scientists has been devoted to the study of hygiene in its various
branches. Our knowledge regarding the nature of cont:gion,
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for example, has thus advanced by leaps and bounds, and this
has led to greater precision in the measures adopted to combat
it. Where formerly we were groping in the dark and guessing
at conclusions, we are now able to work on more or less definite
lines. Again, improved methods of compiling and studying
vital statistics, combined with a better knowledge of disease
generally, have been instrumental in the advancement of sanitary
legislation ; yet, notwithstanding the evidence in favour of this,
there are people still to be found who ask “ what good has all
this done;” it may be well, therefore, to review the past, and
see what light history can throw upon the question. Most
people are aware that to filth, in the broad sense of the term,
must be attributed the pestilence and death of the dark ages,
when whole armies were destroyed, when cities were depopu-
lated, when gaols were death holes, and when the general annual
death-rate exceeded 80 per 1,000.

In 1844, the Health of Towns Commission, which had been
appointed mainly owing to the energy and work of Mr. Chad-
wick, Dr. Farr, and others, presented their report, and four
years later, owing to a cholera scare, the Public Health Act
of 1848 was passed.

By this Act, power was given to local authorities to borrow
money for sanitary purposes, but in it, as in many of the Acts
that followed, the word may too often took the place of shall ; in
fact, its adoption was optional in place of being compulsory. In
this instance it was perhaps a fortunate circumstance that it was
8o, for, in those days, architects and engineers did not know
their work, and in place of the surface channels then generally
to be found, badly constructed and ill ventilated sewers were
laid down, which were directly connected by untrapped and
unventilated drains with the houses. Much of this work is to
be found at the present time, and, had we but a portion of the
money that was thus originally misspent, as well as what has
since been expended in correcting these mistakes, we might well
afford to place every district in the Kingdom in thorough sani-
tary order. No real progress was made until Urban and Rural
Authorities were established by the Public Health Act of 1872

The Privy Council still remained the central Authority, but
in 18756 an improved Act was passed—the last Public Health
Act—by which the control of sanitary affairs was transferred to
the Local Government Board.

It is sometimes said that figures may be made to prove any-
thing, but the following plain statement tells an unmistakable
tale, to whatever causes the improvement may be attributed :—
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TABLE SHOWING PROGRESSIVE IMPROVEMENT IN DEATH-RATE.

Mean Annual
Period of Years. Death-rate
per 1,000 living.
Ten years, 1862-71, 226
Public Health Act, 1872, . Four years, 1872-75, 218
' ' 1875, . Five years, 1876-80, 208
’ 1881-85, 194
’ 1886-90, 189
’ 1891-95, 18-7
’ - 1896-1900, 176
” 1901-1905, 16-0

This table speaks for itself. Starting with an average death-
rate, per 1,000 of the population, of 22:6 for the ten years ending
1871, it falls to 21-8 for the four years subsequent to the passing
of the 1872 Act, to 208 for the five years period following the
passing of the 1875 Act, and so on, step by step, until the
figure 16-0 is recorded for the quinquennial period ending 1905.
This is the picture when viewed from the broad standpoint of
general results, but let us go a step farther and see whether, and
to what extent, we can particularise as regards cause and effect.
In the year 1866, Dr. Buchanan conducted an enquiry, with a
. view to discovering whether any benefit to health had followed
the carrying out of sanitary works in certain districts. The
places selected were those in which the improvements had been
longest established, and this was the only consideration that
influenced the selection. In the following table the results are
given as regards the general mortality, and as regards the mor-
tality from typhoid fever and phthisis, diseases that are well-
known to be influenced by sanitary surroundings.

It is not always possible in sanitary work to demonstrate that
good results follow each individual act of improvement, and the
public are slow to recognise the broad fact that they derive a very
substantial return for the money expended in this direction ;
yet from the above tables there can be no doubt that the death-
rate has steadily decreased in recent years; and when we con-
sider that for each life saved there is also a saving of many weeks
of sickness to others, the financial gain to the community must
be enormous.

To quote Dr. Parkes:—¢ It has been proved, over and over
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Errror or SANTTARY WORKS ON THE GENERAL ANNUAL DEATH-RATE
AND ON THE MoRTALITY YROM TYPHOID FEVER AND PHTHISIS.*

Prn 100 | Deros | Do

or PoroLaTION. | f ot’:?::s of 0??:;’ Loflaence of

natore | aner | Tyhold | Phadiats | Semags Sopks cn

| EF| e | e

1 2 3 4 [ ]
Alnwick, . . .| 262 | 24'7 [-36 p.c.|+20 p.c.| No drying.
Aghby, . . . .| 216 202 |-56 ,, |+19 ,, | Some drying.
Banbury, . . .| 2344 | 205 |-48 ,, |-41 ,, | Much drying.
Bristol, . . . .| 245|242 (-33 ,, |-22 ,, | Some drying.
Brynmawr, . .| 27:3| 232 |-66 ,, |+ 6 ,, | No notable change.
Cardiff, . . . .| 332 | 226 (-40 ,, |-17 ,, | Much drying.
Carlisle, . . .| 284 21]|-2, [+10 , {:‘;”,}:gt:_'“ local
Chelmsford, . .| 196 | 215 (+ &6 ,, [ O ,, | Slight drying,
Cheltenham, . 1944 | 185 [-37 ,, |-26 ,, | Some drying.
Croydon, . . 237 | 190 |-63 ,, |~17 ,, | Much drying,
Dover, . . . 225 | 209 (-36 ,, |-20 ,, | Local drying,
Eley, . . . .| 289| 205 |-56 ,, |~47 ,, | Much drying.
Leicester, . . .| 264 | 262 |-48 ,, |[-32 ,, | Drying.
Macclesfield, . .| 298 | 237 |-48 ,, [-31 ,, | Much drying.
Merthyr, . . .| 332 | 262 |-60 ,, |-11 ,, | Some recent drying.
Morpeth, . . .| 262 247 |-40 ,, |- 8 ,, | No change.
Newport (Mon.),. | 318 | 216 [-38 ,, |[-32 ,, | Local drying.
Penrith, 253 | 260 (-65 ,, |- 56 ,, | Nochange.
Penzance, . . .| 221 | 222 |+ 6 ,,
Rugby, . . 19-1 | 186 (-10 ,, [-43 ,, | Some drying.
Salisbury, . 275|219 |-76 ,, |-49 ,, | Much drying.
Stratford-on-Avon,| 217 | 202 |-67 ,, |- 1 ,, | Some local drying.
Warwick, . . 227 |'210 [-52 ,, [-19 ,, | Some drying
Worthing, . . .| 156 | 153 (+23 ,, [-36 ,, | Some drying.

* Compiled from the NintA Report of the Medical Officer of the Privy

Council, 1866.
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again, that nothing is 8o costly in all ways as disease, and that
nothing is so remunerative as the outlay that augments health,
and in doing so augments the amount and value of the work
done.”

Again, a8 Dr. Lyon Playfair says— The record of deaths
only registers, as it were, the wrecks which strew the shore, but
it gives no account of the vessels which were tossed in the
billows of sickness, stranded and maimed as they often are by
the effects of recurrent storms.”

At present we bave no means of arriving abt an accurate
estimate of the amount of sickness in a community, and although
this information would prove of the greatest interest and value,
it is doubtful whether it can ever be obtained. It may be taken
for granted, however, that a high death-rate means a high sick-
rate, and that the one bears a fairly constant ratio to the other.

So far, we have considered the effect that improved sanitation
has had on the death-rate of the community as a whole. We
will now go a step farther, and consider the death-rate, and,
consequently, also the health-rate, as influenced by condition and
surroundin

The first point that strikes one is the great difference between
the death-rate of rural as compared with urban districts. Take
Staffordshire, for example, and we find that the average rural
annual death-rate is 16:2 per thousand of the population, as
compared with 188, the urban rate. It is true that the
age and sex comstitution, which greatly influences the death-
rate, differs, as a rule, in urban and rural districts; but the
advantage, so far as this i3 concerned, is certainly in favour
of towns with their large industrial populations containing a
greater proportion of young adults, among whom, other things
being equal, the death-rate is low.

Among the conditions that influence the death-rate, to occupa-
tion must be given an important place, and, without going too
fully into the question, the following table shows in a strik-
ing manner how this operates, particularly in the case of two
classes of disease—rviz., phthisis and diseases of the respiratory

Organs .—
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COoMPARATIVE MORTALITY o MALES IN CERTAIN DUST-INBALING
OOCUPATIONS FPROM PHTHISIS AND DISEASES OF THE RESPIRATORY

ORGANS.
Comparative Diseasos
Mortali of the The two
mps St m Bespiratory | iogether
being 1,000,
Coal Miner, . . 891 126 202 328
Carpenter, Joiner, . 820 204 133 337
Baker, Confectioner, . 958 212 186 398
Mason, Builder,

R } 969 252 201 453
Wool Manufacturer, . 1,032 267 205 462
Cotton » . 1,088 272 271 543
Quarryman, . . 1,122 308 274 582
Catler, . . . 1,309 37 389 760
File Maker, . . 1,667 433 350 783
Earthenware Manu-

s {| nre 13 é45 | 1,118
Cornish Miner, . . 1,839 690 458 1,148
Fisherman, . . . . 108 90 198

‘We must not stop to discuss the process by which these trades
exercise their baneful effects; why in a given number of coal
miners only 126 deaths occur from phthisis, whereas, among a
corresponding number of Cornish miners, 690 deaths occur from
that disease—more than five times a8 many—the figures are
given merely to show that occupation does influence the death-
rate, and to a very large extent. In recent years much has
been done in the case of some of these trades, as well as in
others, to diminish this wholesale sacrifice of life, but much still
remains to be done, as apparently our present legislators are
aware. The responsibility is a serious one; for the prostration
of the bread-winner of a family for months, by an illness which
in the end proves fatal, must involve an amount of misery,
poverty, and distress beyond conception.

Certain of these trades operate injuriously upon those engaged
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in them by reason of their nature, but, on the other hand, there
are some trades which need not cause injury, provided they are
carried on under conditions less unfavourable to health than is
frequently the case.

The two following tables give the mortality in Glasgow
in 1885 from all causes, as well as from certain classes of disease
that are especially liable to be influenced, both as regards pre-
valence and fatality, by insanitary surroundings. Of course the
conditions of life in other respects of the occupants of small, as
compared with large houses, are not comparable, but apart from
this, there can be no doubt that cleanliness of the atmosphere,
as affected by density of population, is an all-important factor
in the result :—

Grasgow, 1885,

INCIDENCE OF ANNUAL DEaTH-RATE PER 100,000 ON PoPULATION
INHABITING HoUuses or—

1 and 3 Rooms. | $ and ¢ Rooms. 8 Rooms.
All Diseases, . . . . 2,650 1,950 1,100
Zymotic Diseases, . . . 478 246 114
Lung Diseases, . . . 985 689 328
Diseases of Nutrition in Chil-
dren under § years, . 480 =1 9
GLasaow, 1885.

OVERGROWDING AND DEATH IN A GRrOUP oF TEN FaMiLizs oy Firry
Pzrsons 1x Houszs or—

1and 3 Rooms. | 3 and 4 Rooms. 8 Rooms.
One Person dies i every
Yrs. Mths, Yrs. Mths. Yrs. Mths.

All Diseases, . . . . 0 9 1 [} 1 10

Zymotioc Diseases, . 4 2 8 1 17 6

Lung Diseases, 2 0 2 10 6 1
Diseases of Nutrition in Chil-

dren under 5 years, . ¢ 2 § ¢ 2 2
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To put it shortly, nearly two and a-half times the number of
people die from all causes who live in houses of one and two
rooms, as compared with those who live in houses with five
rooms and upwards; and in the case of zymotic diseases three
times, lung diseases four times, and diseases of nutrition in
children five times the number die in the small, as compared
with the large houses.

In the second table, the same point is exemplified in a
different manner. Both these Tables deserve careful study ; the
figures they contain are taken from a large district, and, there-
fore, the operation of chance is less likely to invalidate the
conclusions one may draw from them.

As already pointed out, from such statistics one is not justified
in attributing the excessive mortality entirely to overcrowding.
The conditions of life as regards occupation, food, and general
surroundings have an important bearing on the question, as
well as the fact that the population living in houses of five rooms
and upwards includes domestic servants, a class in which, by
reason of sex and age, the mortality is low.

The following table, although compiled on different lines,
illustrates the same point, and is not open to the same objection.
In this case, owing to the character of the localities selected, the
inhabitants of each may fairly be compared with each other as
regards condition and surroundings, so that any difference in the
rate of mortality may be attributed to the one circumstance in
which the localities differ—viz., the proportion in each of back-
to-back houses, and, as this feature, in its result (by reason of
less possibility of free ventilation), corresponds to overcrowding,
to that cause must the difference in the mortality be attri-
buted.*®

The foregoing tables of statistics have been introduced, in the
first place, to show that already some good has resulted from
sanitation, and, therefore, inspectors need not be discouraged if
they fail to see any immediate result from their work, and, in
the second place, to demonstrate that much still remains to be
done. Neither need we be discouraged if from some temporary
cause the satisfactory decline in the death rate, as shown in the
Table on page 8, should be interrupted, as indeed might have

* The two following papers will be read with profit by those who are
interested in the housing of the working-classes :—1. The Vital Statistics
of Peabody Buildings and other Artisans’ and Labourers’ Block Dwellings.
By A. Newsholme, M.D., D.P.H. (read before the Royal Statistical Society,
Feb. 17, 1891). 2. Model Dwellings in London and (gwrerowdmg on

By Louis C. Parkes, M.D,, D.P.H. (read before the Sanitary Institute,
Feb. 11, 1891).
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been the case during the quinquennial period ending 1895, owing
to frequently recurring serious outbreaks of influenza. To the
prevalence of influenza, which, directly or indirectly, proved so
fatal among all classes of the community, especially during the
earlier part of that period, may fairly be attributed the relative
check to the continued decline in the death-rate. It must be
remembered, however, that although this affection is undoubtedly
infectious, we have no reason to suppose that it is in any
way associated with insanitary conditions. Nevertheless, as it
belongs to the infectious class of disease, we must look upon it
a8 being preventable ; but as the cases are frequently of so mild
a nature as to escape recognition, preventive measures in the
shape of isolation and disinfection are hardly practicable. For-
tunately, past experience justifies the conclusion that when we
have seen the last of the malady, it is not likely soon to
reappear amongst us.

hese, then, are some of the questions in which an intelligent
Inspector must take an interest, but they are not by any means
all. He must make himself familiar with the principles of
Sanitation, and acquire a practical knowledge of the various
dangers to health met with from day to day, in order to be in a
position to protect the public from the effects of their own
ignorance and carelessness, as well as from ignorance, careless-
ness, and fraud on the part of workmen.

In the following pages the principles that ought to-guide him
in the discharge of his duties will invariably precede detailed
description ; for it is & common experience that ignorance of the
principles with which all details must comply not infrequently
results in a useless expenditure of money, and brings discredit
on the Sanitary Authority and their officials. It does not follow
that the structural alterations called for in one case are equally
necessary, or indeed suitable, in all ; what may be necessary
under certain circumstances, may under others be inexpedient.
Again, more than one sanitary appliance may be admissible in
s given case, and unless the Inspector appreciates the object
that is to be attained, he may condemn a perfectly suitable
appliance, simply because, in detail, it does not correspond with
what he has seen used under similar circumstances before.

It will not infrequently be the duty of an Inspector to point
out to the owner of a property who, it may be recently, has
spent a considerable sum in sanitary (f) work, that, through
faulty work, things are no better than they were before, but, in
doing 8o, he must be perfectly confident of his ground, a confi-
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dence that can only be the outcome of a sound knowledge of the
principles of Sanitation. ) .

Inspectors may learn much by extending their field of observa-
tion to other districts than their own, when opportunity offers,
and it is most desirable that they should form societies (or
branches of existing Societies of Inspectors) for the discussion of
sanitary questions, from time to time, among themselves. Such
discussions will tend to keep alive an interest in work which is
daily growing in importance, and promote that efficiency which
alone, in fature, will insure success.

It is important that Inspectors should take a comprehensive
view of what is expected of them, and remember that they are
workers in a wide field of labour. In order that they may
successfully contend against the ignorance that prevails on all
sides, they themselves must possess a knowledge of the general
laws in operation in Nature, with which man’s action must
comply if health is to be maintained. Nature is a vast labora-
tory in which chemical and biological changes are in perpetual
operation; no new matter is formed. What exists simply assumes
a variety of shapes and conditions in accordance with the circum-
stances under which it is placed—so growth and decay go on;
what are living cells of one animal to-day form the food of other
animals or plants to-morrow, or, it may be, become for a time
constituents of the inorganic world, to be redissolved and again
appropriated by organic matter. These changes involve death
and decomposition, and, under certain circumstances, danger to
neighbouring life, a danger, however, against which we often
possess a remedy in Nature herself, if we study her laws and
take advantage of them.

CHAPTER IL
WATER-8UPPLY, DRINKING WATER, POLLUTION OF WATER

Water a Prime Necessity of Life.—Water is one of the
prime necessities of life, and that all should be provided with
a pure supply is by no means the least important of the health
requirements. It is a vital element of our food, and assists in
the building up of our tissues, of which it constitutes one
bundred parts in each hundred and fifty; it preserves the
fluidity of the blood ; aids in the excretion of effete matter;
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and assists in maintaining our bodies at a uniform temperature
under varying conditions of heat. It is also essential for drink-
ing purposes, for cooking, and for personal and household
cleanliness. By the community at large it is required for
public baths, for water-closets, for flushing sewers, for the
cleansing of streets, for use of animals, and for manufacturing
and various other purposes. It is important, therefore, that
the supply should be plentiful as well as pure.

Sources of Supply.—From whatever source our water-supply
may be obtained, it is dependent for replenishment upon the
rainfall. From the surface of the land, rivers, lakes, and oceans,
evaporation takes place through the agency of the sun’s heat,
and the atmosphere has the power of retaining moisture, in the
form of invisible vapour, in quantities varying with the tempera-
ture. The higher the temperature, the greater capacity the
atmosphere has for retaining moisture in this invisible form.
8hould the temperature fall, which it may do from a variety of
causes, a point is at length reached which is called saturation
point, when the atmosphere contains as much moisture as it
can possibly hold in the form of vapour; and if the temperature
should be further reduced, a portion of the moisture is condensed
into fine globules, and becomes visible as mist. Clouds are
simply mist, and their circumscribed and apparently solid ap-
pearance is the result of their being viewed from a distance.

By the cooling of the atmosphere still farther, the globules
of moisture coalesce into larger particles, until a point is reached,
at which, by reason of their weight, they can no longer be re-
tained in suspension, and are deposited in the form of rain. If
the point of saturation of the atmosphere should not be reached—
that is, if condensation should not occur—until the temperature
is below freezing point (32° F.), then the deposit oocurs in a solid
form, and falls to the ground as snow. :

The average annual rainfall in Great Britain is about 30 inches,
varying from 20 inches on the East Coast to as much as 70 inches,
or more, on the West Coast of Scotland and Ireland. At
certain localities in the English lake district 160 inches is not
an unusual amount. One inch of rainfall & day, or even more,
is not an infrequent occurrence in this country ; in some countries
there may be much more, and in these the annual fall may
amount to 400 inches or more.*

After having fallen, a certain portion of the rain water is lost
by evaporation, another portion runs off the surface and the re-

* For a fuller account of the causes of the rainfall, &c., see Elementary
Meteorology, by R. H. Soott (International Scientific Series),
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mainder penetrates into the soil, the extent to which each takes
place being regulated by a variety of circumstances, such as the
amount of the rainfall, the temperature, the slope of the surface,
and the porosity—that is, the openness of the soil. In winter
a larger quantity penetrates or runs off the surface in the direc-
tion of the natural drainage than in summer, when, by reason
of the increased temperature, evaporation is very rapid, and
when it requires a heavy shower of rain to overcome the ab-
sorbent properties of the warm dry surface, 8o as to enable any
portion to reach the water-courses, especially in flat districts.

Subsoil Water.—That portion of the rainfall which pene-
trates the surface continues to descend until, sooner or later, it
meets with an impervious stratum, where its downward course
is diverted in one direction or another, in accordance with the
natural fall of the stratum in question. This fall is usually in the
direction of the general surface fall—that is, towards the natural
water outlet of the area. It must be remembered that the pace
at which this subsoil water travels is very slow indeed, by reason
of the obstruction offered to its progress by the soil through
which it has to travel, and, for this reason, it varies with the
density or looseness of the soil in question. Now it is this sub-
soil water which we tap in sinking what we call our surface
wells ; it, therefore, contributes largely to our domestic water-
supply. As regards its qualities for this purpose, more will be
said presently.

It will be understood from the above description that the
depth of a surface well will vary according to the distance from
the surface of the impervious stratum upon which the subsoil
water rests.

It may here be stated that this has an important bearing upon
the dampness of a locality, and for this reason it is of the utmost
importance, especially in the case of low-lying districts, that no
obstacle should be offered to the natural flow of the stream or
water-course, which is the ultimate outlet of the water in ques-
tion. The placing of weirs along the course of rivers, for the
purpose of back-pounding the water, in order that it may be
used as a motive power for mills, is a custom which, unfor-
tunately, still prevails throughout the country.

Deep Water.—Beneath the impervious stratum just men-
tioned, we come upon other porous strata, and in them supplies
of water which have percolated downwards from distant points
where these strata reach the surface (Fig. 1). By sinking
deep wells into such a stratum at its lower part we tap this
supply, and, if the surrounding country should be much higher
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than the spot selected for the well, the pressure may be so
great as to raise the water to the surface at the site of the
well or even above it. Hundreds of feet may have to be
pierced to reach this source of supply, and this plan is adopted
by many large towns.

Springs.—These, which are outflows of water from the earth,
are divided into two classes, surface springs and deep
springs—the former are found mostly on the face of slopes,
and their presence is dependent upon the fact, that at this point
the impervious stratum, say of clay, which supports the subsoil
water, rises to the surface and thus opposes a barrier to its
onward progress. Deep springs, on the other hand, are due to
the presence of a fissure in the impervious stratum, which
enables the water below it to rise to the surface. The fact that
surface springs are liable to become dry after a long interval
without rain, while deep springs are nearly always permanent,
will, therefore, be easily understood. The following sketch
will assist the reader in understanding the above somewhat
curtailed description :—

Character of Different Waters.—The sources of our
water supply then may be from the rainfall, rivers, lakes,
springs, and wells (superficial and deep). It does not come
within the province of an inspector to say which of these yields
water best suited for domestic purposes; his attention ought
more especially to be directed to the risks of contamination to
which water may be exposed during storage and distribution.
The natural characteristics of the water from each of these
sources may be shortly summarised as follows :—

Rain water, although well atrated, is flat and insipid, owing
to absence of mineral matters, and in towns it takes up so much
impurity from the air during its transit, and from the various
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collecting areas, that it can hardly be looked upon as a satis-
factory supply. In some districts in the country, where well
supplies cannot be obtained, rain water, with proper storage
and filtration, may be used for drinking purposes, but, as all
soft waters possess considerable solvent powers, and as, owing
to the intermittent character of the water supply, it is necessary
to provide considerable storage room, great attention must
be paid to the precautions to be observed in the construction
of tanks (see p. 20).

Hard and Soft Water.—Rain water is excellent for washing
purposes, as, being soft, less soap is required than in the case of
hard waters. By a “hard” water is meant a water which con-
tains a large quantity of saline constituents, of such a kind as to
interfere with the formation of a lather with soap. Before a
lather can be formed, in the case of such a water, the saline
ingredients must form with the soap a curdy material, so that
a quantity of soap, varying in amount with the hardness of
the water, is thus wasted. There are two kinds of hardness,
temporary and permanent. The former i8 owing to the presence
of certain salts (chiefly lime-salts) that are deposited on boiling,
and not redissolved, and the latter to others that are mnot so
deposited.

Water-Supply of Towns.—Some large towns are provided
with excellent water from lakes, which are simply large natural
reservoirs, supplied by mountain-streams. Other towns con-
struct reservoirs by damming up mountain-streams in their
passage along valleys, and thus obtain good and plentiful
supplies of water. Riversand streams, on the other hand, which
pass through cultivated land and populous districts, are unsafe,
partly because of the manure which is applied to the land, and,
in too many instances, because of sewage pollution. Water from
surface wells must always be viewed with suspicion by reason of
the danger of pollution from similar sources. Deep wells, on the
other hand, as a rule yield excellent waters, although, in some
instances, the various salts they contain in solution are present
in such quantity as to be objectionable by causing deposits in
boilers. By reason of their hardness, also, such waters are not
convenient for washing purposes, and in some instances, from
the same cause, they may be injurious to health; the latter
consideration, however, is purely a medical one.

The following condensed summary of the broad characteristics
of waters from different sources is given by the Rivers’ Pollution
Commissioners : —
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Spring water.
Deep-well water. } Very palatable.

. Upland surface water.
" Stored rain water. } Moderately palatable.

Surface water from cultivated land.

Wholesom:

GO DO e

Suspicious

o]
l
|

SO

. River water to which sewage gains
Dangerous Palatable.
7. Shallow well water.

Quantity of Water Required.—The quantity of water
required by towns for all purposes varies with circumstances,
such as the general presence or absence of water-closets, manu-
facturing processes, &¢ The average supply per head for the
London districte in 1884 was 28 gallons in the 24 hours,
varying from 25 to 37 gallons. Some towns exceed this amount,
while others do not reach it; in Glasgow, for example, the
daily supply is 50 gallons, while in Sheffield it is only 20.
Dr. Parkes has calculated the amount used per head in a house-
hold of fairly cleanly people at 12 gallons; in this calculation,
24 to 3 gallons are allowed for a daily sponge bath, and it
includes clothes-, utensil-, and house-washing, but not a water-

closet supply.
PPLY Gallons daily
for each person.
Cooking, . . . . . . 76
Fluids, as drink (water, tea, coffee), . . .
Ablution, including a daily sponge-bath, which took

24 to 3 gals,, . . . 5
Share of utensil- and house-washing, . . 3
Share of clothes (laundry) washing, estimated, 3

12

The same writer states that if from scarcity of supply the
amouut must be limited, 4 gallons is the least that ought to
be allowed, and that with this amount there cannot be daily
washing of the whole body, and there must be insufficient change
of underclothing. This question is of importance to Sanitary
Authorities of rural districts in determining, for example,
whether the yield of certain wells is sufficient.

A double system of water-supply has been suggested ; pure for
drinking and less pure for washing purposes in cases in which
difficulty has been experienced in obtaining a sufficient supply
of pure water for all purposes; but there are two objections to
this plan—first, the cost in providing duplicate pipes, and second,
the danger that, through carelessness, the one supply might be
substituted for the otber.
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Collection and Storage.—Allusion has already been made
to the plan adopted for the collection of water on a large scale
by taking advantage of Nature’s reservoirs in the shape of large
lakes, or by constructing an artificial lake by damming up a
stream in a valley. Under such circumstances the amount of
storage necessary is dependent upon the rainfall of the district
and the extent of the collecting area. In the case of deep-well
supplies the water is pumped into service reservoirs large enough
to contain several days’ supply, but the collection and storage of
water on a large scale is an engineering question outside the
province of a sanitary inspector. On the other hand, the con-
struction of wells for local supplies (which are simply small
reservoirs), and cisterns, is of vital importance, and the details
ought to be familiar to all inspectors.

Wells are of two descriptions—surface and deep. The former,
as already mentioned, tap the subsoil water, while the latter
pierce the impervious stratum upon which this water rests, and
tap the water-bearing stratum below. The distinction between
the one and the other is not, strictly speaking, a matter of depth,
for what is known as a * surface ” or shallow well in one district
may be deeper than a deep well in another, from the fact that,
in the latter case, the impervious stratum may be shallow and
near the surface. Also, what is, strictly speaking, a deep well
may be very shallow, provided it is sunk at a spot where the
stratum which yields the deep water crops up close to the surface.
The ordinary surface well which one meets with throughout rural
and small urban districts is constantly liable to pollution from
various sources, unless certain precautions are observed as
regards its position and construction. Filth from a leaking
cesspool, privy-midden, manure heap, or faulty drain, will find
its way into such a well from a considerable distance off. Such
percolation is sometimes demonstrated by the fact that well
water may smell of disinfectants that have been thrown down
the drains.

A surface well drains an area which varies in accordance with
the depth to which the water in the well is lowered by pumping,
and the nature of the ground in which it is sunk. The more
porous the ground, the greater is the distance from which the
water travels towards the well, and, from experiment, this
distance has been stated to vary from 16 to 160 times the
depression which results from pumping.

Whether these figures be accurate or not, there is no question
that surface pollution does find its way into wells, from pointas
that one might consider s safe distance off (it is, therefo;e, of
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vital importance to observe every precaution in their oon-
strnction%.' .

Well ,—The precautions to be observed in making
s well are as gllows +—In the first place, the spot selected
for a surface well ought to be as far removed from all sources
of pollution as possible, and in the opposite direction to the
natural fall, so as to tap the water previous to its reaching the
polluting source, and not after it has travelled past it. The
importance of this will be understood from the description
already given of the course that the subsoil water takes (see
p- 13). In addition to this, the lining of the well must be so
constructed as to be quite impervious to soakage from the surface
immediately surrounding it. In place of the brick work being
loosely laid around it, which is the usual practice, it ought to be
set in cement down to the water level, and, as an additional
precaution, it is well to interpose a layer of puddled clay all
round, between the brickwork and the adjoining soil. Every
well ought to be provided with a pump, the brick work being
carried above the surface and covered by means of stone slabs,
carefully adjusted and sealed with cement. By reason of such
precautions, in place of entering the well direct, all surface water
must percolate through the intervening stratum, and, in doing
80, become more or less purified.

In the ‘Rivers’ Pollution Commissioners’ S8ixth Report” the
following remarks appear, which are given here because they
express very forcibly what one often finds to be the case :—

“ Twelve millions of country population derive their water
almost exclusively from shallow wells, and these are, 8o far as our
experience extends, almost always horribly polluted by sewage
and by animal matters of the most disgusting origin. The
common practice in villages, and even in many small towns, is
to dispose of the sewage and provide for the water supply of each
cottage, or pair of cottages, upon the same premises. In the
little yard or garden attached to each tenement, or pair of
tenements, two holes are dug in the porous soil; into one of
these, usually the shallower of the two, all the filthy liquids of
the house are discharged ; from the other, which is sunk below
the water line of the porous stratum, the water for drinking and
other domestic purposes is pumped. These two holes are not
unfrequently within 12 feet of each other, and sometimes
even closer. The contents of the filth-hole, or cesspool, gradually
soak away through the surrounding soil, and mingle with the
water below. As the contents of the water kole, or well, are
pumped out, they are immediately replenished from the surround-
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disgusting mixture, and it is not, therefore, very surprisin,

:gbe assured that such a well does not beeomergry Ie'!;esn ig
summer. Unfortunately excrementitious liquids, especially after
they have soaked through a few feet of porous soil, do not impair
the palatability of the water; and this polluted liquid is con-
sumed from year to year without a suspicion of its character,
until the cesspool and well receive infected sewage, and then an
outbreak of epidemic disease compels attention to the polluted
water. Indeed, our acquaintance with a very large proportion
of this class of potable waters has been made in consequence of
the occurrence of severe outbreaks of typhoid fever amongst the
persons using them.”

Norton’s Abyssinian tube well is constructed by drivin
tubes into the soil, one length being screwed on to another, an
the lowest segment having a series of perforations at the free end.
When the subsoil water is reached, a pump is attached to the
tube, and after pumping for some time, the water, which at first
is dirty, becomes clear and remains 8o, as a cavity which corre-
sponds to the ordinary well is formed at the end of the pipe
owing to the gradual removal of the soil by pumping.

This is an excellent plan of obtaining a water-supply for vil-
lages situated on gravel, provided the water is not very far from
the surface.

For precisely the same reasons as are stated above, it is
equally necessary, in the case of deep wells, to protect the
surface by carrying the impervious brickwork down as far as
the impervious stratum. A very striking example of the effect
of not doing so was met with some years ago in the Stafford
Rural District, in the case of a deep well belonging to & school.
The water in this case was highly polluted, 8o much so that it
‘had a most offensive odour, and in the absence of any local
insanitary surroundings, it was at first difficult to account for it;
on opening the well, however, and introducing a light, the cause
was at once apparent. Down to a distance of 12 feet from the
surface, the brickwork was perfectly clean, but at this point a
well defined line was formed by the entrance of a filthy, slimy-
looking fluid, which stained the bricks down to the water-level
650 or 60 feet below. In this case, the only source of pollution
was from a manure heap in a farm yard 70 or 80 yards away,
from which, no doubt, percolation had occurred through the
surface gravel, along an impervious bed of clay. Had the brick-
work of the well in question been built in an impervious manner
down to this clay, no such pollution could have occurred.

The quality of cement used is very important, the best
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Portland cement being alone admissible for this, as for all
sanitary work. The proportions of added sand ought, for this

icular purpose, to be two of sand to one of cement, and the
two ought to be thoroughly well mixed before the water is
added. The sand selected must be clean and fine, and quite
free from any dirt or clay, otherwise the cement will not set.
Builders and workmen require careful watching as regards these
points.

In all cases in which well-pollution is suspeoted, it is advisable
to open the well in order to ascertain whether there is any
evidence of the penetration of sewage matter above the water
level. If such be the case, at one point or another, the brickwork,
in place of presenting a clean, red surface, will be discoloured in
s manner which, when once seen, will never be mistaken. Apart
from this, it is highly desirable that wells should be opened
periodically for the purpose of being cleansed, as, however
well constructed they may be, with time impurity may arise.

Pumps.—There are two kinds of pumps, the ordinary
suction pump and the forcing pump. The former will
answer the purpose so long as the distance the water has to be
raised does not exceed from 30 to 33 feet; in fact, as a rule,
taking imperfeetions of mechanism into account, 25 feet may be
looked upon as the limit. In the case of deeper wells, it is
necessary to fix the more elaborate and expensive forcing pumps ;
hence it is that in practice one so often finds open wells with a
bucket and windlass for raising water. In such cases, the
danger of surface pollution is increased, and if the arrangement
be allowed to continue, as in the case of small cottages probably
it will, the greatest care must be taken to see that the top of the
well is 8o situated with regard to the surface as not to permit of
drainage into it. A good fitting cover ought to be insisted upon,
otherwise dead leaves and other decaying matter will find their
way into the well.*

Cisterns.—In cases where cisterns are necessary certain
precautions must be attended to in their construction.

(1) They should be constructed of a material that will not impart
any injurious quality to the water. Qalvanised iron and slate both
answer the purpose well ; the latter, however, although the best
in other respects, is heavy and it is difficult to avoid leakage
through the joints ; these should be carefully made with cement.
Lead and wood are bad materials for use in the construction of
cisterns. The risk of metallic contamination in the case of the

* For a full and simple description of the construction of pumps see Well
duri pampe
Sinking, Weale's Rudimentary Saries.
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former has often been demonstrated, and, as regards the latter,
soonler or later decay takes place and organic contamination
results.

(2) They should be easily accessible, and, while the sun’s rays
ought to be excluded, the place where they are fixed must not be
dark. These requirements are essential so as to afford every
facility for inspection and cleansing. It is not unusual to find
cisterns placed under floors, in situations quite unknown to the
occupants of the house, until, by reason of the foul condition of
the water, a search is made, and the cause, in the shape of dead
and decomposing rats, is discovered.

(3) They ought to be covered in and ventilated, otherwise dirt
of all descriptions will enter.

(4) The overflow pipe ought to be carried to the outside where
it should either be cut short or discharge on to an open gully.
It used to be a common practice to connect it direct with the soil
pipe or drain, in which case it simply acts as a ventilator, and
foul gases are conducted direct to the drinking water. In some
instances in which this is done a syphon trap is introduced, but
as the overflow pipe is only in use when the ball-tap which
regulates the supply of water is out of order, this trap owing to
evaporation must stand empty, and, therefore, be absolutely
useless. Some years ago the author found an illustration of this
fault in the case of an hospital, where, to make matters still
worse, the cistern overflow pipe was connected direct with the
drain from the fever wards.

(6) The supply pipe for the water-closet must not pass direct
from the cistern, but a smaller cistern (water waste preventer)
ought to be interposed (see p. 103).

Distribution.—In public water-supplies there are two systems
of distribution—the constant and the intermittent. The
former is very much the better, for a variety of reasons, although
the latter is the system in operation in some towns.

Constant and Intermittent Systems.—In the case of
the constant system, the taps of the houses deliver water direct
from the service pipes, without the intervention of a cistern,
except in the case of water-closets, which have what are termed
““ water waste preventers”—small cisterns that deliver, at one
time, only the requisite quantity of water for flushing purposes—
and kitchen boilers, which cannot be supplied direct, but must
be provided with small supply cisterns. e necessity for having
large cisterns for storing water on the premises is thus avoided,
while, with an intermittent supply, these are essential, other-
wise, from time to time, houses would be entirely without any
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water. The chief objection to the storage of water in houses is
the danger of pollution, which may occur from various causes
already noticed. Another objection to the intermittent system
is that, by periodically shutting off the water from the mains, a
vacuum is liable to be created in the pipes, from gradual leakage
at faulty joints, and this vacuum is replaced by foul air, or even
sewage, from leaking drains, an occurrence which in more than
one instance has led to an outbreak of typhoid fever. The
mains, in the case of a constant supply, are always full, therefore
this risk is to a large extent avoided. In addition to this, pipes
running full are less liable to rust than those that are occasionally
empty, as air in the presence of moisture has considerable corrod-
ing power.

Besides these advantages, in the constant system there is
always an abundant supply of water in the case of fire.
The disadvantage of a constant supply is that the waste from
leaking pipes 18 greater, as the water is always at pressure
in the mains; also, by reason of the great pressure in the
service pipes, the various fittings must be of more perfect
make, and therefore more costly. For this reason, much waste
of water has resulted in cases in which a constant has been sub-
stituted for an intermittent supply without replacing the old
fittings. On the other hand, in some cases where the change
has been made, and the necessary fittings substituted, & diminu-
tion in waste has resulted.

Charges.—The system of charges for water may be by rate
or by meter. The former is much the better for domestic sup-
plies, as, by making a charge in accordance with the quantity
consumed, an inducement is offered to economise, and economy
in the legitimate use of water is certainly not what one would
wish to see.

Indirectly, there is another important reason for placing no
obstacle in the way of & generous use of water, and that is the
cleansing effect that it has on the drains and sewers. By limit-
ing the supply, we diminish the flushing power, and thus add to
the risk of deposit, which is 8o highly objectionable as will be
explained in a later Chapter. Of course, in special cases, such
as manufactories, it may be necessary to charge by meter.

Pipes.—Iron, with a coating of some protective material, such
as Angus Smith’s varnish, is what is used for mains. Lead is
most generally used for house pipes, but in the case of certain
waters its use is dangerous, for reasons already stated. Galvan-
ised iron pipes are now often used, as they are not so liable to
rust as plain iron pipes. The temptation to use lead pipes is
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very great, as they can be carried anywhere round corners by
simply bending them ; whereas in the case of iron pipes, joints
have to be inserted at frequent intervals, not only where angles
have to be passed, but also where one length has to be joined on
to another.

Many materials have been suggested as a protective coating
for both lead and iron pipes, but most are either unsatisfactory
or too expensive for general use.

Glass-lined iron pipes are manufactured, and answer the
purpose well.

Tin is used as a protective coating for both iron and lead
pipes, but in this form it is hardly satisfactory.

Composite pipes, consisting of a block tin pipe enclosed in a
lead pipe and solidly united together, are not so liable to be
acted upon by water, and they may be bent in any direction
like an ordinary lead pipe ; these answer excellently.

Iron };Ees treated by the Barff process are recommended by
some. @ process consists in raising the temperature of the
pipes to a white heat (about 1200° F.) in a chamber into which
superheated steam is passed. After being exposed to the action
of the steam for several hours the metal becomes coated with a
protective oxide.

Impurities.—The chief impurity, indeed almost the only one
that need be considered from an inspector’s point of view, is that
which comes from an organic source, either vegetable or animal,
the latter being much the more objectionable of the two.

Both may be present in a solid form or in solution; in the
former case, the water is distinctly discoloured, the colour vary-
ing in depth in accordance with the amount or nature of the
contaminating material ; while in the latter, notwithstanding the
presence of considerable impurity, the water may be perfectly
clear and wholesome looking. The absence of colour, therefore,
is no sign that the water is pure; but neither is its presence a
sign of dangerous pollution, for peat imparts a considerable
colour to water which need not be injurious. The important
point to remember is, that a clear water need not mean a pure
water, but that danger may exist even though it is beautifully
sparkling and perfectly clear. Here, then, we are brought face
to face with a problem which can only be solved by the chemist
and bacteriologist, but as the inspector ought to appreciate
the significance of the question, we must go a step farther, and
explain shortly the reason why water which contains organic
matter is dangerous from a health point of view.

Presence of Organic Matter—What it means.—In the
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first place, then, even from an ordinary point of view, it is, to say
the least of it, objectionable, to drink water which contains
matter in a putrefying state ; but, in addition to this, evidence
exists which points to the conclusion that it is directly injurious
to health to do so. The real danger, however, lies in the fact
that any contaminating source—for example, human excreta and
refuse—may contain the poison of a disease which may be com-
municated through the medium in question. We know a great
deal more now than we did a comparatively short time ago of the
nature of the poisons which cause diseases of the infectious
class, and the belief that all such diseases are associated with
minute living germs is universally accepted. Many circum-
stances which formerly we did not understand are now ex-
plained ; it is no longer difficult to realise that a water, known to
be bad, may be consumed for a long period with apparent im-
punity, and then suddenly, typhoid fever may attack several of
the consumers. We know now thas the poison reaches the well
by the same channel which all along has conveyed the polluting
matter.

It is obvious from what has been said that a standard of
purity cannot be arrived at simply by fixing a chemical limit of
admissible impurity, because, beyond stating that a certain
amount of organic contamination is present, chemistry cannot
go—its exact nature cannot thus be indicated. Were a standard
to be fixed on such evidence as this, it would amount, in some
cases, to saying that a limited number of typhoid fever germs
may be admitted with impunity, which, of course, is absurd.

How to Estimate Purity of Water.—The only safe way
of arriving at a conclusion with regard to the &t:ality of a water is
to consider the analyst’s report together with the possible sources of
pollution, and, for this reason, it is most desirable to send a full
account of the surrounding conditions with the sample.

The following history of an outbreak of typhoid fever, which
the author investigated several years ago, illustrates very forcibly
what has just been stated. e cases were directly connected
with a farm-house in which a person had died from the disease
twelve months previously. Immediately on the occurrence of
the cases in question, a sample of water from the well belonging
to the house was sent to a chemist for analysis, with the result
that it was pronounced to be perfectly wholesome. The fever
attacked three occupants of the house, and three people living
in different parts of the scattered district (two of whom lived
over a mile away), but all of those patients worked at the
farm in question, and drank the water from the said well ; in
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fact, after an exhaustive enquiry, the details of which need not
be given here, the contagion was unmistakably traced to the farm-
house well. In the course of this enquiry, a second analysis
of the water was made, and by way of comparison the water
from two other wells in the immediate neighbourhood was also
analysed, with the result that, although the amount of organic
matter present in the case of the farm-house well came within
the chemical limit of purity, it exceeded by nearly four times the
quantity present in the two wells that were selected for com-
parison. Where, then, did this increase of organic impurity
come from? There need be no difficulty in answering this
question, for within four yards of the well was situated a large
foul privy cesspit.®

Purification of Water.—In the case of a public supply
direct from a deep well, the water may be pumped direct into
the reservoir, but when the source is a river or mountain stream,
it is necessary to pass the water through a filter-bed after it has
been received into reservoirs and subsidence of a great portion
of the suspended impurities has taken place.

The Filter-Bed.—8uch a filter is constructed of sand, which
ought to be sharp and angular (not too fine), and gravel of
various degrees of coarseness. The sand is placed on the top,
and under it is the gravel which increases in coarseness, until, at
the bottom, where the outlet pipes are situated, it consists of
small stones. The efficiency of the filter is dependent upon the
time which the water takes to percolate through, and this is
regulated by the depth of the sand, which ought to be from
13 to 2 feet, the gravel being 3 feet. Each square foot of such
a fister will allow 70 to 75 gallons to pass in the 24 hours.
Such filtration is chiefly mechanical owing to the straining
effect of the fine mineral and organic deposit formed on the
surface, which, on account of clogging, has to be periodically
removed. This filter also removes dissolved organic matter to
some extent by bacterial action in the presence of air in its in-
terstices. For this reason, it is important that the process should
be conducted slowly and intermittently to allow of aération; it
must be remembered, however, that the important effect is a
mechanical one. It is this property of air which also mainly
accounts for the increasing purity of a water, so far as dissolved
organic matter is concerned, as it passes onward in rivers.

%am-Water Filter.—For the filtration of rain water it is a
common practice to construct a filter underground, in which
case certain precautions are necessary. The arrangement ought

* See British Medical Journal, April 2nd, 1892.
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to be similar, on a small scale, to that just described, but as, in
this case, the filter is sunk in the ground, it is essential that the
brickwork which contains the sand and gravel should be built
in cement, 80 as to render it impervious to soakage from the
surrounding soil. Sometimes, in addition to sand and gravel,
charcoal is introduced, but this is objectionable, because the
water has afterwards to be stored, and charcoal imparts to water
a material which favours the growth of organisms. Such filters
as these are apt to be neglected, on account of their inaccessi-
bility, so, in order to facilitate regular cleansing, a convenient
means of gaining access to them ought to be provided. This
rule is applicable to all sanitary appliances. It is not easy, even
if every facility is offered, to induce the public to systematically
cleanse and inspect them, but if any difficulty stands in the way
of doing 8o, it is hopeless.

It would appear that filtration on a large scale affords pro-
tection against water-borne diseases such as enteric fever and
cholera, but only after some amount of deposit has taken place
on the surface of the filter which causes it to act as a strainer
against the passage of bacteria. For this reason, it is wise to
reject the first water which passes through such filters after the
process of surface-cleaning, to allow of the re-formation of the
deposit which has been disturbed by that operation.

Domestic Filters.—Great ignorance prevails regarding the
efficacy of domestic filters. The general opinion is that, however
foul the water may be to start with, all deleterious matter is
removed by their use. One is constantly told that “the water
must be all right, because every drop that is used is filtered,”
but, as a matter of fact, all ordinary filters are of very doubtful
value, for, though most of them have the power of removing
turbidity from water, they are useless as preventives of water-
borne diseases, and after they have been in use for some time
they simply act as culture geds for micro-organisms, and so
contaminate the water that passes through them instead of
purifying it.

The material most frequently used as a filtering medium in
domestic filters is charcoal, or a combination of charcoal with
silica (silicated carbon filters).

In the ¢ Filtre Rapide ” of Maignen, formerly largely used
in the army, the filtering medium is charcoal in the form of
granules, with asbestos cloth as a straining material. Among
other articles which are used as filtering media may be mentioned
spongy tron, magnetic carbide of sron, &c.

Besides acting as strainers in removing the larger suspended
particles, most domestic filters act chemically upon decomposing
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organic- matter in solution, as well as upon certain inorganic
constituents, but their effect upon fresh organic matter would
appear to be nil.

In this country two valuable sets of experiments with filters
have recently been conducted, the one by Dr. H. H. Johnston at
the Public Health Laboratory of the University of Edinburgh,*
and the other by Dr. Sims Woodhead and Dr. Wood for the
British Medical Journal.t

Dr. Johnston’s investigations were confined to four filters—
namely, the Atkins, ignen, Nordtmeyer - Berkefeld, and
Pasteur-Chamberland —and the investigations of Dr. Woodhead
and Dr. Wood included experiments with these filters and
nineteen other well-known varieties.

As the question is one of extreme importance from a health
point of view, the published accounts of both sets of investigations
should be carefully studied. The following summary is given
for the benefit of those who may not have an opportunity of
seeing the original papers:—

Dr. Johnston’s experiments were conducted with Edinburgh
main water, and the object he had in view was to test the power
of the filters in removing the micro-organisms already present in
the water, and other bacteria which were purposely added to it.
Having ascertained, by cultivation experiments, the number of
bacteria present in the water, the filters were kept at work
continuously, the filtrate being collected periodically for similar
bacteriological tests.

As regards both Atkins’ and Maignen’s filters, the first series
of experiments were made with the Edinburgh water-supply,
and after one day’s working, samples were collected, which, on
examination, were found to contain so many organisms as to be
uncountable. At the end of eight days’ working the filters were
again tested with a similar result. In these experiments the
granular carbo-calcis was not sterilised before being used, but
was thoroughly washed with distilled water; the other parts of
the filters, however, had been sterilised. Dr. Johnston writes
regarding this series of experiments :—* As the Edinburgh main
water placed in the filters only contained 160 micro-organisms
in each cubic centimetre, it is probable that the large numbers
of micro-organisms found in the filtered water were derived from

* Thesis for the degree of Doctor of Science of Edinburgh University.

+An m?t}:y into the Relative Efficiency of Water Filters in the Pre-
vention o ections Disease—British Medical Journal, Nov. 10, 17, and
24, and Deo. 15 and 29, 1894
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the multiplication of the micro-organisms in the pores of the
unsterilised granulated animal charcoal, as well as from the
micro-organisms present in the Edinburgh main water.”

A second series of experiments were conducted with the same
two filters after all parts of them had, it was thought, been
sterilised, although, in the case of the Atkins filter, the results
indicated that this was not the case. In this series distilled
water containing 12 Bactlli violaces and 33 other micro-organisms
was used, and the following are the conclusions arrived at after
a series of tests made during six days’ working:—¢ Although
the Atkins filter was not sterilised by boiling for one hour at
120° C., still the enormous numbers of Bacills violaces and other
micro-organisms found in the filtered water, after one day’s
filtration, conclusively prove that this filter not only allows
micro-organisms to pass through its pores, but the charcoal
forms a suitable nidus for the growth and multiplication of
micro-organisms, which are found in much greater numbers in
the filtered water than in the unfiltered. Maignen’s filter is of
some Bervice in removing micro-organisms from water on the
first and second days of filtration, but after that_ it forms a
suitable nidus for the growth and multiplication of micro-
organisms, which are found in much greater numbers in the
filtered water than in the unfiltered. These filters are, there-
fore, useless for sterilising water, and no reliance can be placed
on thetz: for removing pathogenic micro-organisms from drinking
water.’

Before considering Dr. Johnston's experiments with the other
two filters—the Nordtmeyer-Berkefeld and the Pasteur-Chamber-
land—as they are not so well known as the commoner forms of
domestic filters it may be well to give a short description of each.

In general appearance, these Ellters (Figs. 3 and 3) resemble
each other very closely, and the action of both is purely
mechanical.

M. Pasteur first designed his filter for the purpose of sterilising
fluids in his laboratory work, and it afterwards occurred to
M. Chamberland, his principal assistant, to apply the material
used in the filter for the filtration of drinking water, hence the
name given to the filter. The filtering medium is a specially
prepared fine-grained unglazed porcelain in the form of a
cylinder, which is open at the lower end only, where it is
provided with a glazed porcelain nozzle. The cylinder is en-
closed in a case through the bottom end of which the nozzle
passes, and communicating with the top end there is a pipe
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with a screw socket for fastening the filter on to a water tap.
The water enters the outer case, filters through the cylinder
into its internal cavity, and escapes through the nozzle at the
lower end. Besides this form of tap filter, which works under
ressure, there are other forms, one of which is shown in the
wing (Fig. 4), which act without any pressure beyond that
imparted by the head of water in the top chamber, and to
increase the rate of delivery, which, of course, is very much
lessened by the absence of pressure, a series of filter tubes are
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introduced. There are also other forms which act by the
pressure produced by a vacuum which takes the place of the
pressure in a service main. Although the Berkefeld filter
(Fig. 8) differs from Pasteur’s but slightly as regards external
ap) ce, in the vital element of the filter—namely, the
cylinder—there is an important difference. It is composed of
diatomaceous earth called Kieselguhr, and, although it has the
same external diameter, the internal cavity is very much smaller;
in other words, the walls are much thicker. In appearance the
material is not so smooth, it is also more porous and more brittle.

To go back to Dr. Johnston’s experiments, he proved that the
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Berkefeld filter was not proof against the penetration of bacteria
through its substance after periods of working varying from
four to ten days, whereas the Pasteur filter during twenty-eight
days continuous working with water highly charged with micro-
organisms discharged a perfectly sterile filtrate.

In summing up on the whole series of his experiments,
Dr. Johnston writes :—‘ The results of the experiments have
conclusively proved that the Pasteur-Chamberland filter is un-
doubtedly the best and the only one on which reliance can be
placed for permanently sterilising drinking water.” ®

As regards the experiments of Dr. Sims Woodhead and Dr.
‘Wood, practically the same conclusions were arrived at as to the
value of ordinary domestic filters, and each of the twenty-one
varieties tested proved quite unreliable in removing bacteria
from water. Additional interest attended these later experi-
ments, because besides testing the power of the filters to remove
organisms already present in water and introduced pathogenic
organisms, sterilised water charged with the bacilli of cholera
and typhoid was used. As regards the Pasteur and Berkefeld
filters, the experiments of Dr. Woodhead and Dr. Wood also
practically agree with those of Dr. Johnston, the former being
favourably reported upon and the latter unfavourably.

Dr. Woodhead and Dr. Wood also experimented with another
form of porcelain filter, the Porcslain d'Amiante, upon which
they report favourably, only it is stated that the texture of the
filter medium is so very fine that its use is only practicable as
a pressure filter. In concluding their remarks, these two ex-
perimenters state :—‘ Before concluding, we may perhaps be
permitted to make a few observations regarding the testimonials
and statements published by the makers of the filters (imperfect
from the bacteriological point of view) which we have reported
on. These filters may, as we have already said, materially
increase the risk of acquiring infective disease; but in addition
they are to be looked upon as an unmitigated evil, in so far as
they give rise to a sense of false security, which prevents the
precaution of boiling the water being taken where necessary.
We should recommend accordingly that the vendors should
either withdraw these statements, or at the very least satisfy
themselves, by taking independent expert evidence, that they
are justified in making these claims in regard to the prevention
of disease by the use of their filters.” So much then for the
recent experimental data upon which, in this country, all
* An improved Berkefeld filter hasrecently been favourably reported upon.
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ordinary domestic filters have been unfavourably reported upon,
and in other countries similar conclusions had previously been
arrived at, in support of the conviction which has long been
entertained by sanitary experts as to the danger of relying on
such filters as safeguards against water-borne diseases. We are
not solely dependent, however, upon trial experiments for our
conclusions, for the statistics of the French army unmistakabl

confirm these. Since the Pasteur filter was usecf in the Frenc

army typhoid fever in the Paris barracks has been reduced more
than 25 per cent., and throughout the whole army over 50 per
cent. Again in 1892, M. de Freycinet, in reporting a still
further reduction, says :—* Wherever the Pasteur filter has been
applied to water previously bad, typhoid fever has disappeared.”

It was in 1888 that the Pasteur filter was first introduced
into the French army, in the hope that it would be instrumental
in diminishing the annual prevalence of typhoid fever among
the troops. Previous to its introduction, &e average annual
number of cases in the army amounted to 6,881, of which
number 1,270 occurred in the Paris barracks. In the year after
the introduction of the filter the progressive and rapid decline
in the number of cases began.

In 1892, Dr. Barthélemy, who had medical charge of the
troops in the French expedition into Dahomey, reported that
the use of the Pasteur filter afforded absolute protection against
dysentery, as was proved by the fact that the disease attacked
the soldiers whenever the use of the filter was discontinued.

Our own army authorities are now fully alive to the signifi-
cance of these facts. Until quite lately, however, the filters used
in the British army belonged to the class of filters which have just
been criticised 8o unfavourably, and far from their being reliable
in affording protection against water-borne diseases, it is highly
probable that they added to the danger. In support of this
contention, Dr. Woodhead and Dr. Wood write :—*“ We must
accordingly conclude that the danger to the individual is
immensely increased by spreading the dose of cholera over a
more prolonged period, as in this way the material may be
ingested at a moment when the conditions are favourable for
their escaping the action of the gastric juice, and thus entail the
possibility of the production of the disease; while the diminution
in the number of organisms ingested involved in the distribution
of the dose over a longer period probably exerts no influence
on the risk of infection or the gravity of the disease which is set
up. This danger of all imperfect filters, when onoce infected
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with a disease organism, of continuing to infect the water for
s more or less varied period is most marked in the case of
pocket filters, as when these have once become infected the
dil:z:sg*germ may be carried for indefinite periods from place to
P One virtue possessed by the Pasteur filter has not yet been
mentioned—namely, that when it requires cleansing, attention
is at once called to the fact owing to the flow of water through
it becoming slower and slower. ?l'he cleansing process is a very
simple one, as the cylinder or cylinders which can readily be
removed have merely to be brushed under a water-tap, to free
them from the slimy deposit which collects on their outer
surface. From what been stated, the reason of the omission
of a detailed description of the more common filters in the
market will be understood.

Dr. Rideal and Dr. Louis Parkes, as the outcome of joint
investigations, have recommended the use of bisulphate of soda
(16 grs. to the pint) as a practicable and efficient means of
sterilising water. This method was used during the recent
African war, but with what success has not yet been made
known. t

Boiling as a means of Purification.—One excellent and
simple method of water purification on a small scale has not yet
been mentioned, and that is boiling.

The effect that boiling has, is to cause certain salts to be de-
posited (as mentioned in referring to the hardness of waters), and
matters in suspension in the water are carried down with them,
but the all-important effect of boiling is that as the organisms of
disease cannot withstand a moist temperature, even for & short
period, of 212° F. (the boiling point of water), the great danger
of infection by water may thus be removed. Inspectors, therefore,
in all cases in which suspicion attaches to water as the carrier of
disease, ought to bear this in mind, and do all they can to en-
courage the public to take advantage of this simple safeguard
of boiling, say for about five or ten minutes, before using.

Taking of Samples.—It is the inspector's duty, when he
has reason to suspect that a water-supply is likely to be con-
taminated, or when he is requested to do so by the medical
officer of health, to frocure a sample for analysis by the medical
officer or analyst. In doing so, the following instructions ought
to be attended to.

It is hardly necessary to say that the bottle in which the

* British Medical Journal, Nov. 10, 1894, p. 1058.
+ Trans. of the Epidemiological Soc. of London, vol. xx., 1900-1901.
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sample is taken, which should be a Winchester quart, must be
scrupulously clean ; before being filled, it should be rinsed out
two or three times with the water that is to be analysed. The
bottle ought to have a glass stopper, and it is well to cap it
with leather, the string being sealed with sealing-wax. If for
any reason a stoppered bottle cannot be obtained, an ordinary
cork may be used, but it must be a clean new one, and it also
ought to be capped as described.

The following particulars, when applicable, ought to ac-
company each sample :—

1. Date on which the sample was taken.

2. If from well, stream, town supply, or other source

3. If from well, how deep, approximately .

4. What is the distance from the nearest midden, drain, or
ceaspool 1
. How far from stable or farm-yard 1
Any other possible source of pollution }

. Is the water drawn from pump or tap?

. If from a pump, is it one of wood, iron, or what?

. If from a tap, are the pipes of lead, iron, galvanised ironm,
or are they otherwise specially protected %

10. Special reason (sickness, &c.) for requiring analysis

11. Any other particulars to which it is desirable that atten:
tion shonld be called?

One is sometimes asked by an inspector whether any simple
test can be applied by him to determine roughly whether a
certain water is good or bad, with a view to assist him in
deciding whether or not a sample should be taken for analysis.
The question must be answered in the negative. He must be
guided by the existence of anything in the local sanitary con-
ditions that may operate injuriously in contaminating the water
in question.

OIS ;

InsPecTOR’S DUTY WITH REGARD TO0 WATER-SUPPLY.

Among the numerous duties an inspector is called upon to
perform, there are none to which greater importance can be
attached than that of enquiring as to whether the conditions
upon which a pure water-supply is dependent are violated.
These conditions vary in accordance with the nature of the supply.
In the case of large urban districts with public water-anppﬁec,
the enquiry, so far as the inspector is concerned, will be directed
mainly to the house connections, while in rural and small urban

3
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districts, which are dependent upon local supplies from wells,
springs, &oc., the chief circumstances to be noted are the house
surroundings.

Summary.—From what has already been said, the details
which in each case should receive astention will be appreciated,
but perhaps it may be well to repeat the more important of
these, by way of summary.

1. That the water-supply of a household ought to be within a
convenient distance, plcr:‘y{l and pure; but if from any cause the
supply should be limited, the smallest quantity admissible for
houses without water-closets, is 4 gallons per head per day, an
amount, however, which would not admit of perfect cleanliness,
or proper flushing of the drains.

2. That upland surface water and water from springs and deep
wells is usually of good quality, while that from cultivated land,
rivers, and surface wells must be viewed with suspicion.

3. That the spot gelected for a well ought to be at the highest
point of the site, and as far removed as possible from all sources
of pollution ; also, that the well should be 80 constructed as to
be absolutely impervious to surface pollution, by building the
brickwork in cement, sealing the surface with stone slabs, and
attaching a properly constructed pump.

4. That in the case of deep wells, the brickwork ought to be
built in the same manner, at any rate down to the impervious
stratum of clay or rock.

5. That in all cases in which surface leakage is suspected,
the well ought to be opened and examined.

6. That while storage in a house is objectionable, in cases in
which it cannot be avoided, the cistern should be constructed of
a material which will not impart any injurious matter to the
water, and be placed in an accessible situation, to facilitate
inspection and cleansing. It should be covered, ventilated, and
have an overflow into the open apart from any drain. The
supply-pipe to the closet ought to be intercepted by a second
small cistern.

7. That the supply ought to be constant, and that, except in
special cases, the charge ought to be by rate.

8. That lead pipes cannot always be used with safety.

9. That although the water may be perfectly clear it does
not follow that it is not dangerously polluted.

10. That many of the filters in the market cannot be
trusted to render harmless any disease-poison the water may
contain.

11. That all filters require cleansing.

12. That nothing of an organic nature ought to form part of
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a filter, and that it should be so arranged that it can be taken to
pieces with ease,

OHAPTER III.
VENTILATION AND WARMING,.

Pune air is as essential to health as pure water, although the
public are very ignorant of the fact. Unfortunately, the air of
our rooms may be loaded with impurities without any visible
sign being apparent that such is the case, and although, fortu-
nately, some of us have timely warnings of evil, in the shape of
headaches and feelings of depression, others seem to possess
an unfortunate immunity from any such indication of danger.
Probably children helplessly suffer in like manner, but, reared
in homes almost hermetically sealed against the entrance of
fresh, or the exit of foul air, to be transferred later in life, for
certain periods of the day, to schools and workshops that may
be similarly described, their constitutions, if they withstand the
strain that is thus placed upon them, become blunt to all impres-
sions—nature ceases to sound the warning note which for so long
has been disregarded.

Although, to the uninitiated, it would appear that air does
not come into such direct contact with our internal economy
as water, this is a mistaken notion. We inhale in the course of
twenty-four hours, while at rest, 480 cubic inches per minute
(twice this smount or more when at work), which is brought
into intimate contact with the blood in the microscopical cells of
the lungs, around which the blood-vessels ramify. It is here
that the air performs its function by giving up oxygen to the
blood, and receiving from it moisture and various effete matters.
The number of air-cells has been estimated at between 5 and 6
millions, with a combined area of from 10 to 20 square feet.

These figures will give some idea of their minute size, and of
the extent of the absorbent surface presented to the air.

The presence of impurity in water is in some cases indicated
by its turbid appearance, but the air of our rooms, however
impure it may become from overcrowding, presents no visible
evidenoe of the fact.
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_The oom?osltlon of the atmosphere varies in different
situations. In the following table the proportions of the various
ingredients of an average sample are given :—

COMPOSITION O0F ATMOSPHERIC AIR (Parkes).*

(I)qugen, e e e ?;09'6 per 1000 volumes.
itrogen, . e + e« . 790

Carbonic Acid, . . . . . 04 "

Watery Vapour, . . e . varies with temperatare.
Ammonia, . . trace.

Organic matter (in vapour or suspended,
organised, unorganised, dead :xPleinving),

Ozone, . . . . . . ¢ Variable,

Salts of Sodium, . .

Other mineral substances, .

Oxygen is the all-important element. It is the gas to which
the air owes its purifying power, and it is the great supporter of
combustion. If the proportion present were much diminished,
a light would cease to burn, and life would become impossible.

Ozone is another form of oxygen, possessing similar, but more
active properties. As a rule, it is only to be found in the purest
atmospheres, and is absent in populous districts.

Nitrogen acts as a diluent of oxygen, which, in its pure state,
is far too potent. Unlike oxygen, it does not support combustion,
}mt];, like carbonic acid gas, if present in excess, it extinguishes a

ight.

The quantity of carbonic acid present varies from ‘2 to 5
part per 1,000 of out-door air ; the former may be the proportion
in mountainous districts, and the latter in some densely popu-
lated parts of towns.

In rooms without proper ventilation, ten times the above
amount of carbonic acid may be present, but although large
quantities of this gas are discharged into the atmosphere as the
result of the combustion of coal, respiration, &c., the quantity
present in the air varies very little, owing to the diluting action
of the winds, and the power possessed by plants of absorbing
and appropriating the carbon.

In addition to carbonic acid, a large quantity of organic
matter, the result of tissue waste, and also impure vapour are
given off from the lungs and skin, and it is to these that injury
wust in a large measure be attributed. Oarbonic acid in itself
wmay be present in considerable quantity without any ill effects

¢ A new g:s, argon, discovered b{‘Lord Rayleigh, and another, Aelium,
must now be added to the above list. Their significance in a hygienio
sense is not at present known.
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being apparent, as is demonstrated in the case of workers in
aerated water manufactories. It has been ascertained by experi-
ment, that the ratio of carbonic acid added to the air as the
result of respiration, corresponds very closely with the amount
of organic matter from the same source, and for this reason it is
taken as a standard of purity. It is the presence of effete
organic matters from our bodies that causes the disagreeable
odour and sensation of stuffiness experienced in occupied rooms
that are unventilated.

In addition to impurity the result of respiration, the air is
liable to be contaminated by materials, both solid and gaseous,
from a great many sources. Among the former may be men-
tioned particles of dust of all descriptions, too numerous to
mention, pollen of plants, germs of various sorts (including, it
may be, some that we know to be instrumental in the production
of disease), and fragments of carbon and tarry matters from the
imperfect combustion of coal. Among the latter are special
gases evolved in certain trades, and others the result of combus-
tion, as well a3 efluvia from badly constructed sewers, and from
collections of excreta, manure, and refuse of all descriptions.

The use of gas in rooms and factories adds greatly to the
impurity of the air. One cubic foot of gas will, in burning,
consume the entire oxygen of 8 cubic feet of air, and also
impart certain noxious compounds of sulphur and carbon to the
air. In spite of this, we find that people not only use gas for
lighting purposes, but also, in the shape of a naked flame, as a
means olP heating rooms, shops, and factories. An oil lamp
with a good burner will consume 3-2 cubic feet of oxygen in an
hour, so that, it may be said that one gas burner of ordinary size
is ten times worse, as regards the injury it does, than a lamp
giving an equal light.

From what has been stated, it will not appear surprising that
the air of towns should compare unfavourably with that of
country districts ; the wonder is rather that the difference is not
greater, and this can only be explained by the purifying power
possessed by the oxygen of the air itself, and the action of the
winds in distributing the impurity over a large area; it is
important, therefore, that the former should not be overtaxed,
and that the latter should have full play.

Diseases PropUcED BY IMPURE AIR.

The effect of impure air on the health of the people is illus-
trated by the various tables given in the first chapter. The
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excessive mortality from lung diseases in the case of those
engaged in certain dust-producing occupations, as well as the
influence on the death-rate of overcrowding, and of the back-to-
back arrangement of houses, is there proved by statistica. In
addition to this, however, there can be no question that foul air
is highly conducive to a general lowering of the vital functions,
which renders illness more frequent, and recovery more uncertain
and prolonged.

The success which attends the medical and surgical treatment
of cases in hospitals, as compared with the results of similar
treatment at home, in overcrowded and badly ventilated cottages,
is recognised by all medical men, and, that fresh air is a factor
which largely contributes to the good result in the former case,
is generally admitted. Again, there can be no question that the
severity of infectious disease, as well as the risk of infection, is
greatly increased by atmospheric impurity.

Enough has been said to indicate the importance of fresh air.
‘We must now pass on to consider the amount that is necessary,
and the means at our disposal for obtaining a proper supply.

QUANTITY OF AIR REQUIRED

As the amount of carbonic acid gas present in the air of a
room corresponds with the degree of impurity caused by effete
matters given off from our bodies, that gas, as already stated,
is taken as a standard in estimating the condition as regards
ventilation. Up to a certain point, one can detect different
degrees of impurity by the sense of smell, and the sensation of
stuffiness experienced on entering a room from the open air, but
the power of discrimination as to degree ceases after a certain
amount of foulness is exceeded. The figures in the following
table, prepared by Dr. de Chaumont, and which have been care-
fully tested, indicate the point at which impurity becomes first
apparent to the senses, and also when the power of discrimina-
tion as to degree of impurity ceases.

It is not desirable to burden the memory with many figures ;
but, from a ventilation point of view, it is important to remember
that when respiration has added 0-2 vol. of carbonic acid per 1,000
to the air of a room, the effect begins to become apparent to
the senses ; consequently, it may be concluded that an amount
beyond this is inconsistent with a properly ventilated room.

It must be remembered that these figures do not represent the
actual amount of carbonic acid gas present in the air, but only
that which is added, so that from 0'3 to 0'4 (the amount natur-
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ally present in the air itself) must be added in each case to show
the total amount. This applies also to the remarks that follow.

The amount of carbonic acid given off per hour by a person
at rest, is 0°6 tubic feet ;* it follows, therefore—if the air of the
room is to be kept at the above standard of purity—that 3,000
cubic feet of fresh air must be introduced for each person during
that time. This brings us to the consideration of the amount
of cubic space required for each person.

1. 2. 3. 4.
23 55 | § | 5333
£ (35 |E | B
%p |57 | %, | S50
8 H 3 | ¢28%
5| 8, § §'§§§
25| i2 §2td
R g basss
Mean Carbonic Acid per 1,000 ;
volumes of air, the result of% 0°19 | 041 | 067 091
respiratory impurity, . .

Cusic SpaceE REQUIRED.

It is obvious from what has been said that the question of
space is one which is entirely dependent upon the facility that
exista for changing the air of a room, and, granting the possi-
bility of doing so to an indefinite extent, it becomes quite im-
material how limited the space allowed for each person may be.
Were it not for one consideration, this theory would be perfectly
applicable in practice, but it is found to be unworkable on account
of the draughts that result from the rapid movement of the
cold air.

Temperature, then, influences the pace at which air may
travel without causing a feeling of draught. Air at 55° to
60° Fahr. travelling at 13 feet per second is not perceptible, at
2 to 2} feet it is imperceptible to some persons, at 3 feet it is
perceptible to most, while at 34 feet it is perceptible to all,
and anything above this causes a feeling of draught. If the
air be warmed to 70° Fahr., a greater velocity is not perceived,
but if the temperature be as high as 90° Fahr., it again becomes

® This is an average—men give off more, and children less.
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z)t:r% jlorceptible; this also happens if it be lowered, say to
r.

Experience teaches that, in this country all that can be borne
is a change of the air of a room three times an hour ; it follows,
therefore, that in order to retain the standard of purity, viz.,
02 of added carbonic acid as each person contributes
0-6 oubic feet of the gas per hour, the space allowed per head
ought to be 1,000 cubic feet. In practice, this amount is very
seldom met with, indeed, in cottages it too often does not exceed
from 200 to 260. The amount provided in barracks is 600 cubic
foet, and that usually required for common lodging-houses is 300.

Theoretically, from the amount of impurity added to the at-
mosphere by animals, such as horses and cattle, the amount of
8 uired by them, on the above calculation, would be from
3,000 to 7,000 cubic feet, but this amount in their case is neither
requisite nor attainable. The conditions are altogether different,
as much greater liberty may be exercised in the direction of free
ventilation. In practice, 1,000 cubic feet per head is a satisfac-
tory amount. o Regulations under the Dairies, Cowsheds,
and Milkshops Order, usually require 800 cubic feet, although
in some cases the amount is only 600, or even less, which cannot
be said to be sufficient.

Fallacy concerning Large Rooms.—It is a popular idea
that plenty of space does away with the necessity for ventilation,
but this is a mistake. Even with a space of 10,000. cubic feet
occupied by one person, in the absence of ventilation, the limit
of impurity woulg be reached in a little over three hours, after
which time the same amount of fresh air would have to be
introduced as in the case of a smaller room, in order not to
exceed the standard of impurity.

The height of a room is an important consideration in a
ventilation enquiry. The respiratory impurities tend to ac-
cumulate about the occupants of the room, and beyond a certain
point loftiness will not take the place of floor-space. The air of a
space enclosed by high walls, but uncovered by a roof, would
soon become very foul if the space were overcrowded. There is
no objection to a lofty room, but it must be remembered in
estimating the capacity in a ventilation sense, that a height of
12 to 13 feet onmly should be considered, as this may be taken
to be the maximum useful height of’a room.

VENTILATION AND WARMING OF SCHOOLS.

Bome years ago the author conducted an investigation with
regard- to the conditions of warming and ventilation of the
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elementary schools in the rural district of Stafford, and for that
purpose it was necessary to make analyses of the air.

As the question has an important bearing on the subject
at present being discussed, the foregoing table, giving the result
of the analyses, with condensed remarks as to other circum-
stances, will prove of interest. The significance of each heading
of the table will be understood from what has already been said.
The samples were taken during the winter months, about the
same time of day in each case, and after the schools had been
occupied for about three hours. .

One cannot expect that the air of schools should come within
the standard of purity, considering the present small amount of
space required by the Education Department (100 to 120 cub. ft.
per head), and, for this reason, it is the more essential to adopt
all reasonable measures in order to approach that standard as
nearly as possible. In the cases given in the table, which, too
often I fear, may be taken as types of the condition of school
ventilation throughout England, the amount of impurity in the
atmosphere of the best school is more than twice what it ought
to be, while, in the worst, the standard is exceeded by six times.

The figures also represent a better all round condition of
ventilation than would generally be found, for the number of
children present at the time of taking the sample of air was, in
several instances, considerably below the average attendance.

To properly ventilate a school, or any other public building in
which the space per head is so small, is a matter of great diffi-
culty, and, unless mechanical means are adopted, in the case of
central hall schools it amounts to an impossibility.*

The bearing that cubic space has upon the condition of the air
in occupied rooms, is well illustrated by the figures of the table,
which show that the greatest capacity is by no means always
associated with the greatest purity.

MEASUREMENT oF CuBIiCc SPACE.

The estimation of the capacity of a room of ordinary shape is
a simple matter, all that is necessary, in an empty room without
angles, projections, or recesses, being to multiply by each other,
the length, breadth, and height. It is more convenient to
express the measurements in feet and decimals of a foot than in
feet and inches.

* For an account of the difference in cost between mechanical and natural
ventilation in the case of schools, and the oon&;:tive results obtained by

the one and the other. see a Report by Prof. lley for the information
of the School Board of Dundee, 1889.
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The following table gives approximately the proportion in
decimals that inches bear to feet : —

Iocbes vy Laches i
12 100 6 050
1 0-02 5 042
10 083 ‘ 033
9 075 3 025
8 067 2 017
7 058 1 008

For example, if a room measures 12 ft. 6 in. in lengtl, 10 ft.
3 in. in breadth, and 10 ft. in height, the calculation will be as
follows :—12:6 x 1025 x 10 = 1281. The capacity of the room
in question, then, is 1,281 cubic feet.

Any recesses that exist must be measured separately, and
added to the total; and projections, in the shape of walls or cup-
boards, must be deducted from it.

In the case of rooms of irregular shape, it is necessary to
measure portions separately, in order to arrive at the true
capacity.

The following are the rules to be followed in the examples
most frequently met with :—

Area of a triangle = base multiplied by half the height.

Suppose, in the figure given (Fig. 5), the base measures 12 feet
and the height 6 feet, the area would be 36 feet. This rule
applies in the case of rooms without ceilings ; the section of the
space within the slope of the roof, representing the triangle,
is measured by multiplying the breadth of the room (base of
triangle) by half the height from the roof angle to a line
corresponding with the height of the walls, and this figure
maltiplied by the length of the room will give the cubic capacity
of that part of the space embraced by the roof slope.

In the case of a room the walls of which are irregular as to
length, corresponding, for example, to the figure represented
(Fig. 6), the area may be obtained by dividing the floor space into
triangles, and taking the sum of their areas—this figure multiplied
by the height from floor to ceiling will give the cubic capacity.



44 PRACTICAL SANITATION.

In the case of a circle, the area is obtained by multiplying the
square of the diameter by ‘7854, and this figure multiplied by
the height of the room will give the capacity.

The area of a segment of a circle (Fig. 7) is obtained by
adding the cube of the height, divided by twice the chord (a line
joining the extremities of the arc of the circle), to two-thirds

s

of the product of chord and height (Ch. x H x §) + 2 Ok

The figure obtained, if multiplied by the height of the room,
in the case of a circular recess, or the length of the room, in
the case of a circular roof, will give the capacity of the space
enclosed.

The cubic capacity of a dome is ascertained by multiplying
two-thirds of the product of the area of the base by the geight
(area of base x height x §), the area of the base being simply
that of a circle.

)\ T~
Pig. 5. Fig. 6. Fig. 7.

By applying these rules most spaces usually met with may be
measured, and by dividing the total capacity by the number of
persons occupying the room in question, the cubic space per
head is obtained.

VENTILATION.

By ventilation is meant the dilution and removal of all
impurities which collect in the air of inhabited rooms. The
process may be the result of forces constantly acting in nature—
Natural Ventilation; or it may be the result of forces set in
action by man— Artificial Ventilation.

In order to understand the operation of the various ventila-
ting appliances in use, it is necessary first to understand the
principles with which they must all comply to insure success.
Although many difficulties are met with in devising ventilation
schemes, these arise not so much, perhaps, from want of
knowledge on the part of the person engaged, as from the im-
possibility of the task he is asked to perform. By the use of
artificial means, a large volume of air may be passed through a
room ; but, as already explained, if the rate at which the air
travels exceeds a certain pace, a feeling of draught is the result.
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PRINCIPLES OF VENTILATION.

The chief forces acting in nature which encourage ventilation
are—(1) Diffusion; (2) the action of the winds; and (3) the move-
ment produced by unequal weights of air, upon which principle the
wind itself is dependent.

Diffusion is the term applied to the power which gases of
different densities possess of mixing with each other. This
intermixing may take place through porous substances, such as
dry brick, but it is slow under all circumstances, and, therefore,
it assists in ventilation only to a slight extent.

The Wind is an active agent in ventilation, but it is open to
the objection that, while at one time it is practically almost
stagnant, at another it may be blowing with great force, and for

——— W=

(

|

Fig.s. Fig. 9.

this reason it is difficult to regulate it effect. When the
weather will admit of it, the action of the wind may be taken
advantage of, by opening windows on opposite sides of a room,
as a free cross current of air will thus be produced ; this practice
ought invariably to be followed, at intervals, when rooms are
unoccupied, for example in the case of schools, as by such means
a rapid renewal of the air is effected.

The action of the wind is also of great assistance in encouraging
an upward current in ventilating shafts, by reason of the aspirat-
ing effect that one current of air has when passing at right angles
across another, in the manner indicated by the arrows in the
sketch (Fig. 8).

The action of the wind has been taken advantage of in house
ventilation by fixing movable cowls at the top of shafts, with
vanes so fixed as to direct the mouth of the one towards the
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wind, and of the other in the opposite direction. The effect is
that the wind enters the cowl which has its mouth turned in the
direction in which it is travelling, when it can be conducted by
pipes to the various rooms, and returned to the reverse cowl by
other pipes (Fig. 9).

So far as house ventilation is concerned, this plan has not
been found to answer, as the great variation in the pace at
which the wind travels renders it difficult to regulate the amount
of air introduced. The system answers well, however, in the
case of ships, where the cowls can be adjusted, by hand, in a
position in accordance with the rate at which the ship is travel-
ling, and the direction of the wind.

The movement produced by unequal weights of air is a
potent factor in ventilation, particularly in our climate where
the external air is, as a rule, colder than that of our rooms.
It operates in the following manner :—When the temperature
of a room is raised, the air in it expands, and, by reason of
its increase in volume, the room cannot contain the same
quantity as before, a portion, therefore, is discharged through
any opening that may exist. But if the outside air is not
correspondingly raised in temperature, an inequality is at
once established between the one and the other, and as the
cold air outside is heavier than the warm air inside, the result
is that, by the law of gravitation, it will enter the room
through various openings, and continue to do so until such
time as the point is reached when the temperature of the one
and the other (and, therefore, their gravity or weight) is precisely
the same. Now, if the cause which led to the raising of the
temperature of the inside air continues tn operate, either in the
shape of a fire, or other artificial heating means, or by reason of
the room being occupied by people, the same constant inflow of
colder air will continue, and the rate of entrance of this cold air
will be exactly in accordance with the depth of the heated
column, and the difference of temperature between the one air
and the other. The greater the depth of the heated column, and
the greater the difference between the two temperatures, the
more rapid is the inflow. It does not follow that the direction
of the current is always from the outside into the room, because,
if from any cause the air of the room is colder than the outside
air—which it may be in summer—the reverse action takes place.
In winter, when our houses are artificially warmed, this proceas
is in active operation, and if the direction of the inflowing
current of cold air be regulated by artificial appliances, it may be
turned to excellent account as a means of ventilation, as will
presently be explained.
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Under ordinary circumstances, if rooms are not overcrowded,
and it is not, therefore, necessary to change the air very often,
natural ventilation is sufficient, but in the case of crowded

ublic rooms some artificial means of renewing the air ought to
Ee employed. There are two systems of artificial ventilation—
viz., Extraction and Propulsion. By the former system the foul
air is extracted from the room, and is replaced by pure air ; and
by the latter, pure air is forced into the room, the foul air
giving place to it. Of course, a system of artificial ventila-
tion is not practicable for private houses, and can only be
entertained in the case of factories, schools, and other public
buildings.

The various appliances in use”in both natural and artificial
ventilation will presently be described.

Position and Size of Openings.—It is obvious that, in order
that air may enter a room, an exit must be provided for that
which is at present in the room, so that two openings are neces-
sary. Theoretically, the size of the outlet ought to be larger
than that of the inlet, because warm air has a greater volume
than cold ; but the difference is so slight that it may be dis-
regarded, and both openings may be of the same size.

Again, although the total area of the inlets ought to correspond
with that of the outlets, their number should be greater, and
they should be placed in situations as far as possible removed
from the outlets, 80 as to ensure as complete a circulation of air
as possible. If they are placed close together, the air will enter
and pass out without mixing with that of the room, and so the
object for which they are intended—viz., the dilution of the
impure atmosphere—will not be acoomplished.

Warm air, being lighter than cold, bas a tendency to rise,
therefore the most suitable position for the outlet ventilator is
in or near the ceiling ; it by no means follows, however, that the
proper position for the inlet ventilator is near the floor, for,
were it 80 placed, as the air that enters is usually much colder
than the air in the room, & draught would at once be felt. The
position of the inlet ought to be either near the ceiling or some
5 or 6 feet from the floor ; but in the latter case some plan must
be adopted that will give the entering air an upward direction.

Practically speaking, then, it amounts to this—that in natural
ventilation both outlet and inlet ought to be placed high up, and
for absolutely opposite reasons; in the former case, because
warm air rises, and in the latter, because cold air falls. By
this arrangement draughts are not so likely to Le experienced,
because by the time the incoming air reaches the level of the



48 PRACTICAL SANITATION.

occupants of the room, its temperature has been raised by
mingling with the warm air to a point at which movement is
less perceptible. In cases where it is possible to warm the air
before it is introduced, the inlet may be at the floor level, as
will be seen when we come to consider the mechanisms employed
for warming and ventilating rooms,

The Chimney is a very efficient outlet ventilator; and in
rooms it is usually the only one. This really is an example of
artificial ventilation, a8 its action is greatly dependent upon
the fire, but, as it is 80 commonly found, one may almost look
upon it as being natural.

MEecrANISMS EMPLOYED IN VENTILATION.

From the account just given of the principles upon which the
movement of air is dependent, the action of the various mechan-
isms in use as aids to ventilation will better be understood. In
warm summer weather ventilation is an easy matter, for then a
perfect change of the air of a room may be accomplished by
opening windows ; but in cold weather this cannot be done, and
it becomes necessary to devise schemea for changing the air of
rooms without inducing draught.

MEcHANISMS EMPLOYED IN NATURAL VENTILATION.

Tubes or shafts are employed as both inlets and outlets, and
in their construction certain rules must be followed.

Friction greatly influences the rate at which air travels along
a tube, and for this reason, especially in the case of natural
ventilation, it is important to limit its effect in every possible
way by reducing the causes of it to a8 minimum. The following
are the more important considerations under this heading :—

1. That as in the case of two openings of similar area, the one
circular and the other square, the friction surface in the former
cage is only J of that in the latter, circular are to be preferred to
square tubes.

2. That the smaller the opening the greater is the friction.
In the case of openings of similar section the friction is inversely
as the diameter. For example, with an opening of 6 inches
diameter, the friction will be twice that of an opening of 12 inches;
the diameter of the one being twice that of the other. It follows
from this, that by dividing an opening of 1 square foot into four
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openings of i of a square foot, the friction will, theoretically, be
exactly doubled, because the respective diameters of the smaller
openings are only one-half that of the larger.

3. That angles increase the friction greatly. It has been
shown by experiment that a right angle will diminish the current
by one-half ; so that a ventilating pipe with two right angles in
its course will only have a quarter the ventilating power of a
straight pipe of a similar length and calibre. This fact is very
generally disregarded. One fre(}uently finds ventilating pipes
with many angles, by reason of their being carried round, in
place of through, various projections.®

To modify friction from this cause as much as possible, in
cases in which it is absolutely necessary to deviate from the
direct line, the angles ought to be well rounded and as obtuse as

sgible.

4. That the longer the tube the greater is the friction.

5. That the smoother the interior of the tube the less is the
friction, not only on account of the diminished surface thus
exposed to the air, but also because there is less chance of the
accumulation of dust, which, besides being in itself objectionable,
oifers an additional obstacle to the current.

The length of the outlet tubes or shafts ought not to be
greater than is necessary, for, in addition to the increase of
friction with length, there is a danger of the current being
checked entirely, by reason of the air in the tube being cooled to
an extent which will render it so heavy as to overcome the
upward tendency of the warm air from the room. To diminish
this risk of cooling it is a common practice to place outlet shafts
close to smoke flues.

Joints of ventilating pipes must be air-tight, otherwise the
upward current will be greatly lessened by the entrance of cold
air. Very commonly, in making such pipes, whether of sheet-
iron or zinc,t the joints are formed by simply inserting one
length of pipe into another ; but by this means an air-tight joint
is not secured. All such joints ought to be soldered, and, in
order that the integrity of the joints may not be endangered
through any strain, the shaft ought to be secured by stays at
frequent intervals.

One often finds, particularly in the case of schools, that outlet
openings are made in the ceiling, and are not continued up by a
shaft carried through the roof. In such cases an opening is

* This applies very generally in the case of soil-pipe ventilators (see p- 114

+ remarks have reference to room, not to noil-pipe, ventilators,
which latter ought to be constructed of more durable material (see p. 114).

4
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usually made in the gable wall which communicates with the
roof space. The effect of such a plan must be a more or less
constant down-draught into the room—particularly if the wind
chance to be blowing in the direction of the outer opening—
which compels the permanent closure of the inner opening. In
such cases, the remedy consists in attaching a pipe to the ceiling
opening, and continuing it through the roof.

Wire gauze or perforated zinc is often used to cover
outlet openings, 80 as to diminish any down-draught that may
occur. This practice is to be
condemned, for, although it
may remedy the occasional
evil, it permaneuntly interferes
with the extracting power of
the shaft by greatly diminish-

ing its calibre. A far better
precaution against a down- A
draught being perceived is to Fig. 10,

fix a circular disc under the
opening, aud of larger diameter than it, within a few inches of
the ceiling, as is represented in section by sketch (Fig. 10). By
this means any down-draught, in place of descending upon the
heads of the occupants of the room, is directed to the side.
Cowls are placed on outlet ventilating shafts with the object
of (1) preventing the entrance of rain, (2) increasing the extract-
ing effect of the wind, and (3) checking the tendency to down-
draught.
1. gl‘ha entrance of rain into a ventilating shaft diminishes the
upward current of air, by reason of the cooling effect on the air
of the evaporation which follows. The custom of damping
surfaces, with the intention of reducing the temperature, is one
which is generally practised ; for example, the watering of the
floors of larders and dairies in warm weather. The reason of
the cooling which follows is explained by the fact that in the
conversion of water into vapour heat is necessary, which heat is
supplied by the neighbouring surfaces, with the result that there
is a local reduction of temperature, the heat that has been ap-
propriated being rendered “latent” so long as the moisture is
retained in a vaporous state. Now, as already explained, the
weight of a given volume of air is increased as its temperature is
reduced, and applying this knowledge to the case in point, it
will be understood that the weight of air in a ventilating shafb
may,.:{ a process of cooling, be 80 increased as to overcome the
upward tendency of the warmer, and, therefore, lighter air below,
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and thus the shaft in question may cease to act as a ventilator.
The tendency to down-draught in damp weather in the case of a
chimney of a fire-place, which for some time has not had a fire
in it, is a familiar example of the effect of the process just
described ; and if such may occur, notwithstanding the presence
of a fire to encourage the draught, still more must it do so under
similar circumstances in the case of a ventilating shaft which is
not artificially warmed.

2. The aspirating effect of the wind on the air of an upright
shaft is considerable, irrespective of any apparatus, but it is
claimed for the various “extractors” (as their name implies),
that they assist this natural tendency; experiment, however,
does not fully support this claim.

3. No doubt cowls are to a certain extent preventers of down-
draught, the result of downward gusts of wind.

View from room. View from chimney,
Fig. 11.

From what has been said, it will be understood that cowls do
not exercise any very wonderful power, but simply aid to a
certain extent, the natural upward current that takes place
through a shaft which communicates with a room, the tempera-
ture of which is higher than that outside.

The Chimney, which in itself is a powerful extractor, may be
utilised as an outlet for air on a level with the ceiling, by tapping
it at that point, and introducing a form of ventilator which will
allow of the passage of air from the room without permitting a
reverse current.

Boyle’s Mica-ﬂag Ventilator, which is represented in the
accompanying sketch (Fig. 11) is designed for this purpose.
Back-cfmughb is almost entirely prevented by means of valves
in the shape of thin talc plates suspended on cross-bars behind
an iron-grating ; these move backwards by reason of the pressure
of the out-draught from the room, and are immediately closed
should any tendency to down-draught—and the consequent
entrance of smoke into the room—occur. A certain amount of
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noise is produced by the flapping of the valves, particularly
when there is much wind, but apart from this objection (which
is much lessened in the more recent appliances), these outlets

into the chimney are of use in

/\ diminishing the tendency to
draught in the neighbourhood of

n the fire-place, and in removing
l the warm air from the upper

—)

part of the room, where it is
vitiated by respiration and the
foul products of the combustion
of gas. The flaps of outlet ven-
tilators are now frequently made
of silk in place of talc, and these

*L' may be said to be noiseless.

Another improvement has been
effected by means of suspending

Fig. 12 the valves so that in their natural

position they are open, and are

only closed by the pressure of a down draught when such takes
place. Such an arrangement is obviously advantageous, because

Fig 13

when the valves have to be maintained in an
open position, by the pressure of the air passing
into the flue from the room, some loas of current
must result, and, in natural ventilation especially,
we cannot afford to sacrifice any little help which
can be obtained from more approved appliances,
however unimportant the improvement intro-
duced may appear to be. In the case of new
houses, as already mentioned, it is better to
construct a second flue alongside the chimney
flue, with which the upper and lower rooms may
be connected without the intervention of any
special apparatus.

M‘Kinnell’s Ventilator is a combined outlet
and inlet ventilator which is applicable in the
case of upper rooms or rooms in single-storey
houses. It consists of two tubes, the one en-
circling the other as represented in the sketch
(Fig. 12). The area of both tubes is the same,
and the inner one, which acts as the outlet, is
continued for some distance above the outer, and
is fitted with a cowl. The lower end of the inner

tube is prolonged a little distance into the room, and las &
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flanged rim some inches in width which extends beyond the area
embraced by the outer tube, and thus prevents the incoming
air from descending at once into the room, by causing it to
beﬂ.deﬁect.ed to the side for some distance parallel to the
ceiling,

Wl%dows may be fitted with various ventilating appliances
which will admit of the entrance of fresh air without causing a
draught.

Hinckes-Bird’'s Window Ventilator (Fig. 13) consists of
a piece of wood, or what is more cheerful in appearance, plate-
glass, the width of the window, and 3 or 4 inches deep, introduced
under the lower sash 80 as to leave an opening where the upper
rail of the lower sash and the lower rail of the upper sash meet.
The air enters at this point, and is directed
upwards by coming in contact with the elevated
top of the lower sash,

A better arrangement is shown in the drawing
(Fig. 14), in which the introduced bar of wood,
instead of being fixed under the window sash is
placed on the inner side of it. To secure the
ventilation, the window is opened to a height
corresponding with the bar otP wood, thus allow-
ing a current of air to pass into the room under-
neath the lower rail of the upper sash as already
described, and as indicated in the drawing by L
the arrows. The advantage of this plan is that
the window can be closed when it is found
desirable without removing the bar, also, the
arrangement is less unsightly than the one first
described. It will be seen from the drawing
(Fig. 14) that the lower rail of the lower
sash is deeper than usual; this is necessary in
order that there shall be no space between
the fired bar and the window when the latter ——adl—
is closed. Fig. 14.

By introducing a simple contrivance such as
has been described, persons who raise objections to many
ventilating appliances, either on the ground of cost or because
of the necessity for making openings in the walls, are quite
willing to go thus far in ventilating their rooms. Either plan
is suited for ordinary sash windows, if, however, the one last
described is the one selected it is neccssary to deepen the
lower rail by a few inches
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Louvred Panes, taking the place of one of the squares of
glass, and arranged so as to admit of being opened and closed, is
another plan of window ventilation by which an upward direction
is imparted to the incoming air.

Various plans are adopted of introducing air through the house
walls, of which the following are examples :—

Sheringham’s Valve (Fig. 15), which is frequently employed,
consists of a box fixed in the wall not too near the ceiling. The

, air enters through an

“1 iron grating in the outer

wall, and is directed

upward by an inner

valvular opening which

is movable, being at-

tached to the lower side

of the box by means of
Fig. 15. a hinge. .

The valve is opened
and closed by a balanced weight, and the extent of the opening
can be regulated by means of a string and pulley.

Ellison’s Ventilating Bricks (Fig. 16) consist of bricks
perforated with conical holes, and are fixed in the wall with the
apex of the cone on the outside. By reason of the ex-
pansion of the openings towards the room, the air is
introduced in a less circumscribed current, conse-
quently it diffuses more readily, and thus draught is
leas likely to be felt.

Tobin’s Tube Ventilator (Fig. 17, A), now very
generally in use, is perhaps quite as satisfactory as
any of tha present aids to natural ventilation. The
air, in this case, is introduced at the floor level,
through an iron grating connected with a tube which
| passes through the wall into the room, where it is con-
| tinued at right angles up the wall to a distance of from
5 to 6 feet. The height, in the case of ordinary rooms,
Fig. 16. ought not to exceed this, as the impetus given to the

air in its upward passage along the tube is sufficient
to carry it beyond the point where draught may be felt; on the
other hand, if the tube be much longer, the air may be driven
down upon the heads of the occupants of the room by its being
thrown against the ceiling. Workmen in constructing tubes on
this principle are very apt to carry them some 8 or 9 feet up
the wall, in order, as they suppose, to avoid a draught—this is a
mistake which ought to be avoided. Another fault which is not
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anfrequently found in a ventilator of this description, is its posi-
tion being under a recess or overhanging shelf; the result of
this is that the air on entering is at once thrown down by
being directed against the obstruction. TUnder these circum-
stances the system gets blamed for what is really an error in its
application. :

From what has been stated regarding the influence that differ-
ence of temperature between the outside air and the air of a
room has on the rate at which air enters, it will be understood
that some means of regulating the amount admitted must be
available. This is

accomplished by T
means of a plats |
within the ventilat-

tng tube, which is
capable of being \ | '
adjusted to any
angle by a handle.
By turning this
handle 8o that the
plate lies at right
angles to the axis
of the tube, the
opening is closed ;
and by turning it Open
so that the flat sur-
face of the plate is
parallel with the
axis, the tube is
opened to its full
extent; while, if
fixed at any point Fig. 17

intermediate be-

tween the two the opening is curtailed to an extent which
increases the nearer the plate approaches the right-angle posi-
tion. The accompanying sketch (Fig. 17, B) will assist the
reader in understanding this description.

As the external opening of a Tobin’s ventilator is protected
by an iron grating, its calibre is thus reduced ; it is necessary,
therefore, in order to counteract this, that this opening should be
of greater diameter than the tube itself (see Fig. 17, A).

An overhanging hood attached to the wall at an angle, and
prolonged to about an inch below the lower margin of the
opening, will counteract to a considerable extent the tendency to

i
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an excessive inrush of air at times when the wind is blowing
against the face of the wall in which the opening is situated.

A water-trough may be placed on the floor of the inlet on
to which the air is directed by means of a plate, as represented in
the drawing. By this means a certain portion of the floating
particles present in the air of towns is arrested. It is a question,
however, whether such a plan as this is of much practical use, by
reason of the fact that the water must be periodically renewed—
a condition which is not likely to be complied with.

A diaphragm of gauze inserted at the inlet will filter the air
very effectively, but it must be remembered that the material
will very soon become clogged with dirt, and will, therefore, re-
quire to be frequently renewed or cleansed. The internal open-
ing ought to be funnel-shaped, that is, the tube at the top ought
to expand, so as to encourage the diffusion of the air on entering
the room.

MECHANISMS EMPLOYED IN ARTIFICIAL VENTILATION.

So far, the various appliances which have been described ma;
simply be looked upon as aids to the natural tendency whic
exists to an interchange taking place between the outside air
and the air of a room, and, up to a certain point, they are of
great value; but in the case of rooms or public buildings in which
the cubic space allotted to each person may be considerably
below the standard (see p. 40), it becomes necessary to sup-
plement the natural by some artificial means of renewing the air.
There are two methods by which this may be accomplished—viz.,
propulsion and extraction. By the former, fresh air is forced into
the room, and by the latter foul air is extracted from the room by
various appliances. The method by propulsion is usually to be
preferred, as the air discharged into the building maybe taken from
any selected situation, and directed—after treatment, it may be,
by filtering, warming, cooling, or moistening—to any particular
locality. There are circumstances, however, favourable to ex-
traction being the system selected, but the advantages, under
varied conditions, of the one or the other will be better ap-
preciated after the mechanisms employed in each case have been
described.

Fans consist of a series of vanes fixed in an oblique direction
to a revolving axis either within a chamber or in the open,
according to design. By the rapid revolution of the fan the
vanes set the air with which they come in contact in motion,
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and thus a current is produced which passes onward at a speed
which is regulated by the size of the fan and the rapidity with
which it is made to revolve. These fans act as propellers or
extractors, according to whether they are fixed in connection
with the inlet or outlet ventilating shaft. Steam or electricity
may be used as the motor power, or, what may be more con-
venient if the latter is not available, a gas engine.

Heat is capable of being utilised as a means of ventilation by
extraction. The assistance in this direction afforded by the
ordinary fire-place, and the various methods by which it may be
taken advantage of, have already been referred to, but special
shafts are sometimes connected with furnaces for ventilating
purposes. Mines are frequently ventilated in this manner. A
furnace is lit at the foot of an up-shaft, which draws air which
has entered by a down-shaft, after it has been distributed through-
out the various workings. Ships are often ventilated in a similar
way by the ventilating pipes from various parts of the vessel
being conducted to a shaft which communicates with the boiler
furnace.

Gas used for lighting purposes may be utilised as a very
efficient ventilating power, and, indeed, ought to be so utilised.
What are known as sun-lights are a series of burners congregated
together near the ceiling, and connected with an outlet shaft.
The heat generated by the gas is thus taken advantage of as an
extracting power, and all noxious fumes, the result of combustion,
are at once carried away, together with a large amount of foul
air from the room.

If the plan of connecting all gas-lights with outlet shafts was
more generally adopted, it would add immensely to our health
and comfort. In old houses it is not always easy to adopt this
plan, but in new houses no gas burner ought to be fixed except
on this principle. Many improvements in gas burners have
recently been introduced with the two-fold object of improving
the lighting power and assisting in the ventilation of rooms.

The accompanying sketch (Fig. 18), which represents the
“Globe ” light of Mr. Hammond, is reproduced, together with
the description, from Qur Homes, edited by Shirley F. Murphy,
and will assist the reader in understanding the principle of con-
struction of a gas burner of this description.

“The air of the room in which the light is fixed enters near the
top of the globe at A, and, passing between the interior of the
globe and the exterior of the chimney-glass, descends to supply
oxy‘gen to the burner, B. The products of combustion ascend
to the top of the chimney-glass at D, under the aperture of the
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hollow pendant, up which they are impelled by the sharp draught
of the heated current. Having reached the upper part of the
pendant, the heated products are turned by the elbow at the top
into the horizontal pipe, A, A, and are carried into the chimney
of the room in which the light is fixed.

“The pipe, A, A, is surrounded by an outer pipe, C, C, which
affords—where the draught in the chimuey is sufficiently good—
a means of gently and imperceptibly
changing the atmosphere of the
room by the steady current which
is produced by the heat of the inner
pipe.

“The openings, B, B, provided
in the ceiling-rose for the purpose,
communicate through the cone with
this pipe, so that the temperature
of the room is equalised by the
constant gradual rise of the com-
paratively cool air from below as
fast as the upper portion passes into
the pipe. This action is self-regu-
lating, the current being more rapid
when gently heated, and leas so as
the cooler air ascends.”

Gas brackets when fixed on a
wall in the neighbourhood of a
fire-place may be ventilated by an
overhanging pipe communicating

' with the flue; this arrangement
Fig. 18 need not necessarily be unsightly.
In connecting such ventilating
pipes, it is important to notice that the flue in question is not
common to two rooms. It is by no means an unusual custom,
although it is a highly objectionable one, to connect a fire-place
on the first floor with the flue coming from one on the ground
floor, and, under such circumstances, if the gas ventilator
belonging to the down-stairs room is carried into the flue, the
offensive fumes are likely to be discharged into the room above,
Far too little attention is paid to the method of lighting rooms
by gas.®* What in itself is injurious when burned in the room
a8 a naked flame, owing to the impurity which is added to the
atmosphere as the result of combustion, may, by an arrangement

* For a description of various gas burners, see Our Homes Chaps. xlii
to xliv.—R. Brudenell Carter.
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such as has been described, not only be rendered harmless, but
actually turned to account as an excellent aid to ventilation. In
all new houses especially this fact ought not to be lost sight of.

A small jet of gas burning in an outlet ventilating shaft—
apart from any consideration of lighting—will greatly facilitate
the upward current of air.

Steam may, when available, be used as a means of ventila-
tion by extraction, by being discharged in the form of a jet into
the outlet shaft. By this means a volume of air is set in motion
which is said to exceed by 200 times the volume of the steam.

The following is a summary of some of the chief points that
have to be borne in mind in connection with ventilation :—

1. That in order to keep the air of a room within the recog-
nised standard of purity, it is necessary that 3,000 cubic feet of
fresh air should be introduced every hour for each oocupant.

2. As in this oountry it is not possible, without producing a
feeling of draught, to change the air of a room oftener than three
times an hour, it follows, in view of the first condition, that each
person should be provided with 1,000 cubic feet of air space.

3. It is a mistake to suppose that cubic space can take the
place of ventilation, for, however much space may be available
for each person, unless the requisite quantity of fresh air be
introduced, a period is ultimately reached when the limit of
impurity will be exceeded. The height of a room also, beyond a
certain point, does not count as space in a ventilation sense.

4. That although, theoretically, animals, such as horses and
cattle, ought to be provided with a larger space than people, in
practice, by reason of the greater liberty that may be taken as
regards the introduction of fresh air, the actual space need not
exceed 1,000 cubic feet.*

5. That in every case it is necessary to provide inlets for
fresh, and outlets for foul air, although in most ordinary rooms
the chimney answers the purpose of an outlet.

6. That the best position for an outlet is the ceiling ; that the
inlets ought to be more numerous than the outlets, and placed as
far as possible apart from them, and that they ought to be 8o con-
structed as to impart an upward direction to the incoming air
and diffuse it as much as possible.

7. That in order to minimise the effect of friction in ven-
tilating shafts, they ought to be large in diameter, circular in
shape, smooth in the interior, and not longer than is necessary.

*® Probably no more than 800 cubic feet can be insisted upon in

‘Regulations ” under the *‘ Dairies, Cowaheds, and Milkshops Order,” but
nothiughlm than this ought to satisfy a Sanitary Authority. pe ’
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All angles, if possible, ought¢ to be avoided, and, where easential,
they ought to be as obtuse as possible. Covering the room
opening with gauze ought to be avoided, and as regards ceiling
openings a plate tixed within a few inches of the ceiling, and of
larger diameter than the opening, should be substituted, so as to
direct any down-draught that may occasionally occur to either
side.

8. That the entrance of rain ought to be guarded against
by means of a cowl, which, also, in itself, will limit the effect of
gusts of wind in causing down-draughts, and possibly assist the
upward current of air.

9. That means ought to be provided for regulating the quan-
tity of air admitted, in accordance with varied conditions of
temperature, &c.

10. That ventilating tubes ought to be connected with all gas
lights, to remove the noxious fumes of combustion, and assist in
the general ventilation.

11. That, in the case of crowded rooms, some artificial means
of ventilation is necessary, and that, under these circumstances,
the air before entering the rooms ought to be warmed during
cold weather, otherwise a sensation of draught will be felt.

‘WARMING.

As the question of warming is closely connected with that of
ventilation, it is convenient to deal with it in this chapter.

There is perhaps no department of domestic economy about
which greater ignorance is displayed than the warming of houses.
Among the poorer classes more especially, this ignorance, com-
bined with more or less carelessness, leads to the most reckless
waste in the consumption of coal, even when poverty necessitates
its being purchased at the cost of considerable deprivation in
other directions. The people are not alone to blame for this
waste, for they are obliged to live in houses with fire-places so
constructed as to afford a minimum amount of heat from a
maximum amount of coal. Of recent years, in the case of better
class houses, a certain amount of improvement has been ap-
parent, but even in these we have not yet by any means seen
the last of the hideous hollow-backed iron grates.

Heat may be communicated by radiation, conduction, and
convection. The open fire-place is an example of the first, and
although it is an extravagant method, with certain precautions
to be presently noticed, this fault is capable of considerable
modification. From a health point of view, radiant heat is
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certainly to be preferred to the system of heating by convection
as one usually finds it carried out, for ventilation is a necessary
condition of an open fire-place, and the air of the room being
thus continually renewed, is not dried as it is in the case of
warming by stoves or hot pipes.

On the other hand, a room cannot be uniformly warmed by an
open fire-place, and draught is likely to be felt in the neighbour-
hood of the fire, owing to the air rushing from distant parts of
the room, and from ventilators, &c., towards the fire-place. The
heating effect of an open fire-place diminishes rapidly the farther
one is removed from it, the loss increasing exnctlfy a8 the square
of the distance, so that the heat at a distance of 4 feet from the
fire is sixteen times less than it is within 1 foot. Under these
circumstances, it will readily be understood that, in the case of
long rooms especially, an open fire-place is not an efficient
method of warming.

Conduction is the term applied to the passage of heat from
one particle to another ; and econvection, to the conveyance
of heat by moving masses of air. The latter is the principle
which is chiefly operative in the case of rooms heated by
stoves and hot-water or steam pipes, and although greatly
superior to the open fire-place as a means of warming, there are
great objections to the plan as one usually finds it carried out in
practice ; but as these objections are all capable of being over-
come, the fault lies not in the principle itself, but in the
ignorance of those who put it into practice. From what has
been said, the necessity for reviewing the conditions of warming
usually met with, will be apparent.

Open flre-places, as usually constructed, possess one or all
of the following important faults :—

1. The grate is placed so far back under the flue opening, that
great loss of heat necessarily takes place up the chimney.

2. The flue passes backwards and upwards from immediately
behind the grate, and thus volumes of unconsumed smoke are
drawn up the chimney, and much heat is wasted.

3. The back and sides of the grate are constructed of iron, and
there is a large space behind, which causes unnecessary loss of
heat by radiation.

4. The front and bottom bars are constructed so wide apart,
that the coal falls through in unconsumed pieces, and as the
grate is open from below as well as in front, combustion is
needlessly rapid, and therefore wasteful.

The important points to remember in the construction of an
open fire-place are :—
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1. That it should be brought into the room as much as
possible, so that the heat may have a chance of radiating in
all directions.

2. That the connection with the flue ought to be arranged so
a8 not to cause an immediate back-draught and consequent loss

of heat.
3. That fire-clay should take the place of iron as much as

— i L._J |

posgible in its construction, so as to prevent the waste of heat
by radiation from the back of the grate.

4 That the bars, both underneath and in front, ought to be
so close together as only to admit of the smaller ash passing
through.

5. That no air ought to be allowed to pass under the fire, the
space between the lower bar and the hearth being closed by a
movable box for receiving the ashes.

The ordinary iron grate is familiar to all, and need not
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therefore be described, but with the assistance of the accompany-
ing sketches (Figs. 19-22) the reader will be able to appreciate
the advantages, both as regards heating power and economy, of
fire-places constructed in accordance with the rules just laid
down.

The Staffordshire ﬂre-%lace (Fig. 19) is sometimes met
with in old houses, although in many cases they have been
abolished in favour of the modern and singularly inartistic
cast-iron, hollow-back grate. Where in use, the combustion
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and heating power is excellent, and the economy in coal, as
compared with the wasteful consumption of the cast-iron grate,
is sufficient soon to repay the very moderate outlay that is
entailed in substituting the one for the other. The appearance
presented by the plain fire-brick sides, which to some may be
objectionable, can easily be overcome by their being faced with
tiles. It will be noticed that the bars project some distance in
front, and thus a larger radiating surface is exposed. In the
old pattern of this grate the fire stands at a distance of some
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9 or 10 inches above the hearth, and the bottom bars are
exposed, but by lowering the fire to within 4 inches of the
hearth and introducing an ash-box with closed front, the heating
power is increased, and the consumption of coal lessened.

The old Leamington te (Fig. 20) is of somewhat
similar design, and, as regards heating power, it is probably as
efficient. In this case the fire does not stand quite so far for-
ward, and as the sides, which are constructed of fire-brick, form
an angular opening, the apex of which is at the back, a large
surface is thus exposed to the fire, and much heat is radiated
into the room. It will be noticed that in both the fire-places
just described, the flue starts backward at a point very nearly as
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Fig. 21.

high up as the mantel-shelf. The author has in many instances
induced householders to adopt one or other of these grates, and
has usually had some trouble in convincing them that it would
“draw,” owing to the distance which separates the fire from the
flue, but in no instance in which the suggested change has been
made has the verdict been other than highly satisfactory.

The Teale fire-place (Fig. 2l?nwhich is constructed upon
the principles advocated by Mr. Pridgin Teale of Leeds, in a
paper read before the Architectural Society, London, on Decem-
ber 3rd, 1836, possesses all the features essential to economy and
efficiency in an open fire-place. The following rules of con-
struction are laid down in the paper in question : —

1. * As little iron as possible.”
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2. “The back and sides of the fire-place should be of brick or
fire-brick.”

3. “The fire-brick back should lean over the fire, not lean
away from it.”

4. “The bottom of the fire or grid should be deep from before
backwards, probably not less than 9 inches for a small room, nor
more than 11 inches for a large room.”

5. «The sides or ‘covings’ of the fire-place should be vertical,
but inclined to one another as the sides of an equilateral triangle.”

6. «“The ‘lean over’ at the back should be at an angle of 70°.”

7. “ The slits in the grating or grid should be narrow, perhaps
% inch for s sitting-room grate and good coal, § inch for a kitchen
grate and bad coal.”

8. “The front bars should be vertical, that ashes may not
lodge and look untidy; narrow, perhaps } inch in thickness, so
as not to obstruct heat; and close together, perhaps i inch apart,
80 as to prevent coal and cinder from falling on the hearth.’

9. “There should be a rim 1} inches in depth round the
lower insertion of the vertical bars.”

10. ¢“The chamber under the fire should be closed by a shield
or ‘Economiser.’”

11. “ Whenever a fire-place is constructed on these principles,
it must be borne in mind that a greater body of heat is accumu-
lated about the hearth than in ordinary fire-places. If there be
the least doubt whether wooden beams may possibly run under
the hearthstone, then an ashes pan should be added with a
double bottom, the space between the two plates being filled
with artificial asbestos, ¢ slagwool,” 2 inches in thickness.”

12. «“8ee that no woodwork comes within 10 or 12 inches
of the back of the fire.”

With the assistance of the sketches, the above rules will
convey a tolerably clear idea of the construction of the fire-place
in question. That it is a very great improvement on the cast-
iron grate, there can be no question. The great feature of it is
the construction of the back. By its projecting forward over the
fire, heat, which is otherwise largely lost up the chimney, is re-
flected back upon the fire as well as into the room, and thus,
among other things, the consumption of smoke is much more
perfect.® . .

The *‘Lionel Teale” Front Hob Fire-place SFlg. 22) is

a recent adaptation of the one just described. The only ironwork

* For a full description of the Teale fire-place see The Economy o
Coal in House-fires by T. Pridgin Teale, published by J. & A. Cbure
price 3s. 6d. 5
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connected with it is that which forms the bottom bars or grid, and
the ash-tray, the front bars being abolished, and the fire sunk
below the level of the hearth, which is raised some § inches above
the floor level. The air which supplies the oxygen for combustion
is introduced through the front of the ash-tray, and, therefore,
enters from below the fire only, and the activity of combustion
is regulated by a provision for increasing or diminishing this
aperture. The appearance of the raised hearth and the sunk
fire is by no means unsightly. Still further economy is claimed
for this fire-place, by reason of the fire being surrounded on all
sides with fire-brick.
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Stoyes, as & means of warming rooms, have their advantages
and disadvantages. There is less loss of heat, and the room is
more uniformly warmed. In place of the air of the room being
drawn up the chimney after having been warmed by the fire, as
is the case with an open fire-place, it comes in contact with the
o_utslde 9f .the stove, and, as it is thus warmed and rendered
lighter, it immediately ascends, its place being filled by colder
air from other parts of the room, which follows the same course.
By th;; process the air of all parts of the room is gradually
warmed.

The disadvantages of stoves as a means of warming rooms
sre:—
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1. The ventilation of the room is not so perfect as in the case
of open fire-places with large flues.

2. The air itself being raised in temperature by passing over
the stove is thus rendered too dry. The actual amount of
moisture present is unchanged, but the relative humidity, which
from a health point of view is important, is greatly diminished,
because warm air is capable of holding more moisture before the
saturation point is reached than cold. To obviate this it is &
common practice to place a tin vessel containing water on the top
of the stove.

3. The external surface of the stove may be 80 hot as to scorch
the floating organic particles in the air and thus cause a disagree-
able odour.

4. Oarbonic oxide (cerbon monoxide), an extremely noxious
product of combustion, may pass into the room through imperfect
joints or fissures, or, it is believed, through the pores of the
metal in the case of cast-iron stoves when superheated. The
headaches and feeling of discomfort, so often experienced by the
occupants of rooms heated in this manner, are sometimes attri-
buted to the presence of this gas. The production of this gas,
which undoubtedly is found in stove-heated rooms, is attributed
by some to the imperfect combustion of particles of carbon in
the air, the result of coming in contact with the superheated
surface of a stove.

The first fault, namely, that of imperfect ventilation, may, to
a large extent, be rectified by a special arrangement, by which
fresh air is introduced by a pipe opening underneath the stove,
and is discharged into the room after being warmed by passing
through chambers in the interior of the stove. The accompany-
ing sketch (Fig. 23) represents, in section, one of Musgrave’s
stoves, which are constructed on this principle. Many stoves of
this description are now made.

To diminish the risk of superheating, every portion of the
stove ought to be lined with fire-clay, which ought periodically
to be inspected, and replaced when worn out. Such a precaution
will prove economical in the long run.

By increasing the heated surface, and thus exposing a larger
area to the cooling process of contact with the air of the room,
the risk of superheating is also reduced, as iron is an excellent
conductor of heat. This may be accomplished by the addition
of vertical metal flanges projecting from the top and sides of
the stove.

Roberts’ Stove, which is shown, in section, in the drawing
(Fig. 24), possesses many advantages over ordinary stoves, and is
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a good and economical form of stove for halls and bedrooms.
The fire is contained in a movable circular box, the bottom of
which is perforated to enable the ash to fall through into the ash
tray. The walls of the stove are formed of terra cotta interposed
between concentric cylinders of sheet iron, the outer cylinder
being perforated all over to allow of direct radiation from the
terra cotta. The top, which is constructed like the sides, lifts oft
to allow of the introduction of the fire-box, and, to ensure a
proper seal against the exit of fumes, it has a circular flange on
its under surface which fits into a groove containing fine sand on
the top margin of the stove. The fire is lighted at the top and
burns downwards, the air entering through adjustable openings

and groove.

erra-cotta

1re-box

Fig. 24.

in the front of the ash tray and passing upwards through the

rforations in the bottom of the fire-box. The flue is at the

k of the stove, midway between its cover and the top of the
fire-box. The stove is placed against any fire-place, with a short
length of pipe leading into the flue, and it burns ordinary
ocoal, the best for the purpose being a hard steam coal, or a
mixture of coal and coke, although it is not wise to use the
latter in bedrooms. The stove does not interfere with the
ordinary chimney ventilation, it does not get superheated, but
gives off a pleasant heat, and it burns for a long time without
requiring attention.

Gas fires are now very much used for warming rooms,
particularly bedrooms. Cleanliness and economy in servants’
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time are the chief arguments in their favour. In all cases they
should be provided with means of ventilation, by a pipe carried
into a flue or to the outside. The ordinary fire-place may be
adapted for warming by gas by filling the grate with asbestos
blocks which are heated by means of a Bunsen burner. In this
case there i no necessity for any special flue, as the ordinary
chimney answers the purpose, and the ventilation is as perfect
as with an ordinary fire. With this particular arrangement the
loss of heat is very great, and to remedy this, gas stoves are now
frequently fixed in front of the fire-place, with a short pipe
leading into the flue to carry off the offensive fumes. It is
essential for ventilating purposes that the opening of the fire-
place proper should be quite free, and not filled up with sheet
iron as is 80 often done, otherwise the ventilating effect of the
chimney will be greatly lessened, particularly when the fire is
not actually burning. The air in bedrooms in which gas stoves
have been fixed in the objectionable manner just described, is
very foul in the morning if the stove has not been burning all
night, and in the absence of any special outlet ventilator.

Ventilating fas stoves are a great improvement upon
the ordinary kind, from an economical as well as from a health
point of view. They are constructed much on the same principle
as ordinary ventilating stoves, fresh air being discharged into
the room after it has been warmed by passing through a tube
which is enclosed in a chamber in which the gas burns; this
outer chamber is connected with the chimney by a pipe which
carries off the foul products of combustion.

Hot-water and steam pipes are frequently employed for
warming the halls and passages of houses, as well as offices
and public buildings. This system, if properly applied, is an
excellent one, but one usually finds, in cases in which it is in
operation, that all principles of ventilation have been completely
disregarded. One has only to enter an office, for example, in
which a number of clerks are engaged, and in which the ordinary
open fire-places have been abolished in favour of hot-water pipes
simply run round the walls, to realise the effect that such an
arrangement has on the atmosphere of the room. The whole-
some influence of the ordinary fire-place in changing the air of
the room is lost, with the result that the same foul air, which
has been breathed for hours on end, is circulating in warm
currenta round the room in question.

No system of warming by hotwater or steam pipes ts admissible,
wunless both inlets and outlets are provided for ventilation. The
beat method of introducing air into a room warmed in this



70 PRAOCTICAL SANITATION.

manner, is by so arranging the openings that the incoming air

must first circulate over the hot pipes. By this means its tem-

perature is raised, and thus, as already explained (p. 39), a more

frequent change of the air of the room may be effected without

causing a sensation of draught. This is now accomplished by

radiators éFlg 25), which are taking the place of the 4-inch pipes

and coils formerly used. These radiators are constructed so that

a8 large a surface as possible is exposed for radiation, and the

circulation from the boiler is conducted by distributing pipes

varying in size, in accordance with the distance they have to

travel and the work they have to do, from § inch to 2 inches.

The smaller sized t.Eipea, how-

ever, owing to the friction

which has to be overcome, are

not very satisfactory, and it

is found in practice that it

is unwise to use pipes of a

smaller diameter than 1 inch.

Two kinds of radiators are

made, one which simply

warms the air already in the

room, and another which, as

is shown in the drawing, has

hollow columns connected be-

low with an opening in the

wall through which air enters

and, passing upwards through

the radiator, is discharged into

the room fresh and warm.

Fig. 25. Connected with the inleb

opening is what is called

a hit-and-miss valve, which can be adjusted so that either the

outside air or the air of the room may pass through the radiator.

The ventilating radiator is much to preferred to the non-

ventilating one, but it must be remembered that in this case, as

in all cases, ventilation cannot be combined with warming

without adding to the first cost and the working expenses, for

a larger boiler and larger radiators are required, and the con-

sumption of fuel is in consequence increased. In the low-pressure

system of warming just described the temperature of the pipes

does not, as a rule, exceed 200° F., and a pipe is conducted from

the highest point in the circuit to the outside for the escape of
air or steam.

In another system (Perkins) no escape pipe is provided and

the pipes, which have an internal diameter of § inch are not con-
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nected with a boiler, but are simply coiled within the furnace.
Under these circumstances the water circulates under pressure,
and, therefore, the temperature of the pipes may reach to from
300° to 360° F.

About 8 feet of such piping will correspond, as regards heating
%ower, to 12 feet of the old 4-inch piping. According to Wynter

lyth, this system is not to be recommended for the purpose of
warming houses, owing to the liability to overheat the air, and
also because of the sudden variation in temperature that is likely
to result unless the fire is constantly kept up.

Steam, as a rule, in this country is only used for heating
purposes in the case of factories, where it is necessarily on the
spot as & motive power. In America it is largely employed for
heating dwelling-houses. A very elaborate system of heating
by steam is in operation in the Houses of Parliament. On the
whole, perhaps the best system of warming houses is by the low-
pressure circulation and ventilating radiators, combined with
open fireplaces. The English people have a strong prejudice in
favour of the open fireplace, and it must be admitted that its
cheerful appearance is worth a good deal, at the same time, it is
wasteful, especially as usually constructed, and economy as well
as efficiency would be effected by the combined system of open
fires and low-pressure hot water ventilating circulation.

Steam, if available, may be used, indirectly, as a heating
medium for a low-pressure hot-water circuit. In this case a
steam pipe is carried to a water cylinder, within which it is
coiled in order to increase the heating surface in contact with
the water which circulates in the usual way throughout the
building. It thus takes the place of the ordinary furnace and
by regulating the steam pressure the heat imparted to the water,
which is the distributing medium, may be readily adjusted to any
desired temperature.

It is well to be cautious in deciding as to who shall carry out
whatever system of warming by hot water or steam may be
determined upon, as the successful working of all is dependent
upon 80 many conditions, the non-compliance with one of which
will result in failure. It does not follow that all who are willing
to undertake the work are capable of satisfactorily completing
it, and in this, as in all cases, experienced workmen are worth
paying for.
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OHAPTER 1IV.
BEWERAGE AND DRAINAGE.

Avx intelligent appreciation of the subjects dealt with in this
and the following three chapters is perhaps the most essential
element in the education of a sanitary inspector. Hardly a day
can pass without his knowledge of the subjects being put to the
test, and upon its thoroughness, the health and, it may be, the
lives of many are dependent. The ignorance that still prevails,
even among the educated public, regarding the most elementary
facts connected with the drainage of houses, is indeed surprising.
To them the whole question appears mysterious and complicated,
but in reality it is not so.

Without going minutely into the composition of sewage,
it may be said to consist of water containing certain refuse sub-
stances in solution and in suspension. These consist of urine
and feces of men and animals; house waste-water, containing
grease, soap, and foul matters from the surface of the body and
from clothes and general house washing. Sewage may also
contain special pollution from manufacturing processes.

Human fecal matter is sometimes excluded from the drains,
and when it is so, it is popularly supposed that the sewage is
comparatively innocuous, but this is certainly not the case. An
estimate of the difference between the sewage of water-closet
towns and of towns where the feecal refuse is dealt with by the
midden or pail systems, may be arrived at by comparing the value
as manure of the sewage in each case.

- According to the first report of the Rivers Pollution Com-
missioners, the value for agricultural purposes of 12 tons of
sewage from towns without water-closets is equal to 10 tons of
sewage from towns with water-closets. This fact is important,
as showing how essential it is to provide some means for treating
all sewage, irrespective of its nature, before allowing it to enter
a stream.

Ordinary sewage, when fresh, is comparatively harmless ; but,
as all dead organic matter must necessarily undergo change (in
the process of which it is split up into its simpler elements)
and, as during this process of decomposition (unless it takes
place under favourable conditions) nuisance is likely to arise,
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it is essential that precautions should be taken to prevent this.
By reason of the artificial conditions of our existence, then,
art must assist in these natural processes; but we may rest
assured of this, that if man does his part of the work, Nature
will do hers.

Putrefaction is the result of an attack upon dead organic
matter by minute living germs or bacteria, ever present in
sewage and air; the process is similar to, in fact it is, fermen-
tation. Under favourable conditions, these germs multiply with
enormous rapidity, until in time complete dissolution of the
material is accomplished, and during this time a continual dis-
charge of feetid organic matter and foul gases takes place, which
contaminate the atmosphere, and tax to a great extent the
purifying effect of the oxygen it contains. This alone must
seriously affect the health of the inhabitants, and if it is not in
itself directly responsible for the production of disease, there is
no question but that it greatly favours the extension of diseases
of the infectious class. Under these circumstances, it is of the
utmost importance that all sewage and refuse should be disposed
of in a manner that will least contribute to the injurious conse-
quences just described. The great principle then to keep in
view is the immediate and thorough removal of all fluid refuse,
and the important points to determine, in judging of the efficiency
of any system of sewage removal, are as to whether it 1s
immediate and complete.

MEeTHODS OF SEWAGE REMOVAL

Having considered the broad principles with which all perfect
methods of sewage removal must comply, we must now go a
little farther and apply these principles to the different methods
now recommended.

The present systems of sewage removal may be considered
under two heads—viz.,, the water-carriage system and the
conservancy system. In the former, solid fecal matter is
introduced into the sewers, while in the latter it is excluded.

Great difference of opinion has hitherto prevailed as to which
ought to have the preference, but the water-carriage system is
now pretty generally admitted to be the better one, except,
perhaps, in the case of scattered populations dependent for their
water-supply upon local wells. The arguments in favour of the
water-carriage system seem unanswerable.

If it were possible to get rid of the ordinary slop water by
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some other means than sewers, then it might become a matter
for consideration whether the necessity for the removal of
excreta alone would warrant their introduction, but as sewers
must exist for ordinary waste-water purposes, the only point to
determine is whether the addition of excreta is expedient or not.
Now, so far as the composition of the sewage of water-closet
towns is concerned, as compared with that of towns in which the
dry method is in operation, the difference, as already pointed
out, is very little, but the volume in the one case as compared
with the other is considerably greater. Six gallons per head
per day increase of volume in the case of water-closet towns
(Parkes) makes a considerable difference in the sum total of
sewage that has to be disposed of; and in the case of inland
towns, particularly where the absence of sufficient fall necessi-
tates the pumping of every gallon, for the purpose of land or
other treatment, before it is discharged into a stream, such an
addition may become a matter for serious consideration. Then,
again, it may be that the water-supply is limited, and cannot be
supplemented without considerable expenditure, in which case
the saving of 6 gallons per head per day must not be overlooked.®

To obviate these objections, various plans for utilising the
ordinary house waste-water as a flush for water-closets have
recently been devised, and some town authorities are endeavour-
ing to overcome the difficulty in this way by methods which will
be described in the next chapter.

There can be but little question that the water-carriage system
is the cleanest, most rapid, most convenient, and cheapest method
of sewage removal.

The dry system, or the conservancy system as it is
termed, has been adopted in many towns, but, even where
carried out on the most approved principles, it must necessarily
give rise to nuisances in densely populated areas. On the
ground of expense, also, it is found to be a mistake, and were
it not on account of the outlay that has been incurred, it is
probable that most authorities who have adopted the system
would abandon it. It is only in scattered rural districts where
there is land enough attached to each house, on which the
excrement can be disposed of, that the system is at all admis-
sible; the difficulty in dealing with the excreta in populous
districts necessitates an annual expenditure which is not by any
means recouped by the sale of the manure. The mistaken idea
that the introduction of ordinary water-closets into districts
greatly increases the difficulty of treatment, is probably answer-

® The estimate of 6 gallons is, probably, in excess of the actual figure.
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able in most cases tor the adoption of the conservancy method of
sewage removal, and the sooner the true state of the case is
understood by authorities the better.

Privy-middens ought undoubtedly to be abolished, parti-
cularly in populous districts, and if excrement is permitted to
remain on the premises, it must be under conditions least harmful
to health. The earth-closet, if the necessary labour can be
provided, is perbaps the best dry system of removal, but the
trouble entailed in attending to essential details is too great to
admit of its adoption, except in better-class houses and schools.
The pail system, with frequent and regular removal, may
perhaps be permitted, but it would be well if authorities of
populous districts would come to the determination to encourage
the substitution of water-closets for all insanitary privies, and
insist upon their introduction in the case of new houses.

The term separate system is applied to a water-carriage
system in which separate channels are provided for the rainfall.
The addition of surface water to the sewage of inland towns
greatly taxes the efficiency of all methods of sewage treatment,
and although it may be useful as a flush for sewers, it is toe
irregular and uncertain to be admissible in cases in which flush-
ing is specially necessary.

Towns without a proper system of sewers are to be congratu-
lated as regards this point, for they are in a position of being
able to make use of what sewers exist as storm-water carriers,
and to start de novo to construct sewers on the separate system.

SEwERS A8 A DANGER T0 HEALTH.

One often hears it stated that certain towns were perfectly
healthy, and experienced no nuisance from the disposal of their
sewage, until the introduction of a general system of sewers.
Such a statement must be received with a considerable amount
of qualification, although it contains an element of trath. Many
examples of the old order of things are to be found even now in
small towns, where the fluid refuse is simply discharged from
the houses on to open channels communicating with street
gutters along which it travels to the nearest ditch or stream ;
although sometimes it is conveyed there in brick sewers with
which the street gutters are connected, the whole being peri-
odically flushed with storm water. Now, no doubt, such a
system is extremely unsightly, and the risk of well-pollution and
other dangers, from the saturation of the soil with sewage which
percolates freely from numerous stagnant pools along the course
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of the rude channels, is great ; but that there is perfect ¢ discon-
nection” and free ¢ ventilation ” there is no question, and, when
compared with an arrangement which connects each house direct
with an unveuntilated and possibly badly-constructed sewer, it is
certainly to be preferred, especially if the people are not depen-
dent upon local wells for their water-supply. This, however, is
no longer a true comparison; we now appreciate the importance
of flushing, trapping, disconnecting, and ventilating our drains
and sewers. The only instances (three out of twenty-four),
in Dr. Buchanan's enquiry (p. 4), in which the deaths from
enteric (typhoid) fever had increased since the introduction
of sewers, &c., occurred in towns where, undoubtebly, the sewage
arrangements were imperfectly carried out. In the case of the
other twenty-one towns, an average reduction of 454 per cent
took place.

OONSTRUCTION OF DRAINS AND SEWERS,

Drains and sewers must be so constructed as to comply, in
every respect, with the principle of immediate and perfect
sewage removal. There is considerable confusion with regard to
what is a drain and what a sewer. Shortly, the definition, as
laid down by the Public Health Act, is that a “drain” is a
channel which receives the drainage of one building or set of
premises within the same curtilage, and a ‘“sewer,” that which
receives the drainage of two or more buildings or premises (see
Appendix).

Drains and sewers should be water-tight, smooth in the in-
terior, and not larger than is necessary; they should, if possible,
follow a straight course and have a sufficient fall, varying in
accordance with the diameter, and, as far as possible, of the
same uniform rate; where curves are unavoidable, they should
not be abrupt, or better still, at such points, and where tribu-
taries join, manholes should be provided. Ample provision
should exist for veatilation, so that sewer gas may not stagnate
but have free outlet into the open air. There ought to be no
direct connection between drains and sewers, but a trap should
be inserted near the junction of the one with the other, with an
air inlet on the house side.*

*Some sanitary engineers now advocate the direct connection with
sewers, without the intervention of a trap, of all house drains, in which
case the soil-pipe and drain ventilators assist in the ventilation of the
sewers, but it is only where these are constructed on the most approved
principles that such a plan can even be thought of ; it would be a .
ous proceeding in the case of old and badly constructed sewers (see p. 87).
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Drains are very often needlessly large, and thus the flush is
very much reduced. For example, given two drains of equal
fall, carrying the
same volume of

sewage, the one 4

inches in diameter

and the other 6, —

the rate of travel, % @

gnd, therefore, the
ushing power, in ;
the forxieg case will Fig 26.
be greater than in the latter, because the depth of fluid in the
smaller pipe is greater than in the larger. The accompanying
sketch (Fig. 26) shows the comparative difference in depth of the
same volume of fluid in a 4-, 6-, and 9-inch pipe. As a rule, the
diameter of house drains need not exceed 4 inches, except in the
case of very large establishments. Far to often, even now, a
6-inch pipe is8 used when a 4-inch would answer all requirements,
and, in the case of old houses, one frequently finds that even the
tributary drains are constructed of 9-inch pipes.

Whether drains are intended to convey the ordinary waste-

o — —
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Fig. 27.

water only, or in addition the excreta and urine of a household.
they must be constructed with equal care and attention to detail
. Socketed 'ﬁlazed stoneware or iron pipes are alone
admissible. ey should be laid as far as possible, in straight
lines, with the socket end directed towards the sewsge flow,
as represented in Fig. 27 (A), not as shown in (B); the fall
ought to be uniform, and not less than 1 foot in from 40 to 60.
If such a fall cannot be obtained, then some artificial means of
flushing, which in all cases is desirable, becomes essential, in
order to ensure perfect cleansing of the channel.
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Before proceeding to lay the pipes, each one should be care-
fully examined, ;33 any that are imperfect should be rejected.
In outline they should be perfectly round, otherwise the spigot
will not fit accurately into the socket ; the internal surface must
be smooth and thoroughly well covered with glaze; and they
must be entirely free from cracks or flaws of any description,
otherwise the drain will not be water-tight.

The trench in which the pi are laid should be dug, not
piece by piece, but in lengths, amff: is important not to interfere
with the solidity of the floor by excavating, in the first instance,
to a greater depth than is necessary, as this necessitates the re-
placement of soil and thus causes a risk of after subsidence. If
it should happen, in the process of digging, that more soil has
been removed than is necessary, in replacing it, so as to equalise
the gradient, the replaced soil must be Ermly beaten down,
otherwise subsidence will afterwards occur which will interfere
with the proper flow of sewage, and, poasibly, impair the integrity
of the joints and cause leakage.

Unless the ground is naturally solid, all stoneware drains
should be laid on a bed of concrete 4 inches in depth, and, if
it should be found necessary to carry such a drain under a
house, it should be entirely imbedded in concrete of at least
the same thickness. The latter precaution ought to be observed
in all cases where it is necessary that a drain should be laid in
close proximity to a well, although, if circumstances permit, it
is better to select another route for the drain or use iron pipes.

In laying the pipes, a point of the utmost importance to
remember is, that they should rest on their bodies on the
bottom of the trench, and not on their sockets, a portion of
soil being removed at points corresponding with each socket
to allow of this. It is the usual practice of inexperienced drain
layers to disregard this precaution, with the result that, when
the trench is covered in, in place of the weight of the soil being
uniformly distributed along the entire length of the pipe, the
pressure is concentrated upon each joint, and, in all probability,
causes the recently introduced cement to be expelled from the
sockets.

Joints must be made with extreme care, the best Portland
cement being alone admissible for stoneware drains. Even now
it is not an uncommon practice to use clay for the purpose.
An ignorant workman may, possibly, be excused for following
past custom in this respect, but builders and architects are
greatly to blame if they countenance such a proceeding.

Having carefully cemented the joint, not only at the top, but
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all round, the workman, before making the next joint, should
satisfy himself, by raking the pipe out with a specially ocon-
structed wooden implement, that none of the cement has been
pushed into the interior, otherwise it will interrupt the proper
flow of the sewage and lead to obstructions.

Before replacing the soil the drain ought to be inspected by a
responsible person, who should test the integrity of the jointa by
means of the hydraulic test to be afterwards described. The
first portion of soil must be replaced with care, and should be
packed well under and on either side of the pipes, so as to guard
against after-displacement, which is likely to cause fracture of

the joints.
&

% 4

} ~=/
Fig. 28.

Fig. 28 illustrates a good method of making a stoneware
drain joint. Hemp-spun yarn, free from tar, is first steeped in
fluid cement (cement grout), and then well rammed into the
joint, 8o a8 to fill it about half. The joint is then completed
with stiff cement.

Various patent joints have been invented from time to time,
and it is found expedient to
make use of them in certain
cases, as for example when
pipes have to be laid in water-
logged soil, and difficulty is
thus experienced in making
& water-tight joint in the o
ordinary manner. One of PFig. 29.
these (Stanford’s), which was
among the first to be introduced, is made by Doulton & Co.,
Lambeth. A rim of smooth and durable material is cast on to
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the spigot end of the pipe, and to the interior of the socket, so as
to insure a tight fit, and a space is left to allow of cement being
introduced as an additional precaution. More recently this joint
has been further improved, the composition which is cast on the
spigot of the pipe being made convex on the surface, as shown in
the sketch (Fig. 29). The advantage claimed for this arrange-
ment, although it is a doubtful one, is, that if from any cause
after-subsidence should occur, a certain amount of displacement
ot the pipes may take place (on the same principle as a ball-and-
socket joint) without the integrity of the joint being impaired.

The process of laying these pipes is very simple. Having
carefully wiped the spigot and socket, a small quantity of
specially-prepared lubricant is applied inside the socket of the
one pii)e, and round the spigot of the other; they are then
pressed home, and the joint is complete. These pipes are made
in various sizes from 4 to 18 inches.

As regards the question of the durability of these joints, time
alone can decide, but it is claimed for the composition that it
has shown no evidences of deterioration in pipes that have been
taken up after having been in use for fifteen years.

Another joint, the Archer patent, is constructed so as to
allow of the joint being made by liquid cement being poured in
at an opening at the top of the socket, after the pipes have been
adjusted, a luting of clay being first introduced, to act simply as
a barrier to the entrance of the cement into the interior of the
pipe.

A somewhat similar, although a vetter joint, Hassall’s
patent (Fig. 30), is now frequently used in cases in which
difficulty is experienced in laying ordinary pipes. Two bands of
bituminous material are cast on to the outside of the spigot, and

here
Fig. 30. Fig. 31.

two similar bands are cast on the inside of the socket, so that
when the pipes are laid together the interspaces form an annular
groove which terminates in two openings at the top. The
spigots and sockets are lubricated with a special plastic cement
before being adjusted. the fluid Portland cement is run in at one
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of the top openings until it makes its appearance at the other
and thuspthg jo?f: is encircled with a Lnd of cement which
forms a very solid and durable union. Although these pi
are more expensive than ordinary drain pipes, in cases in which
their use is indicated they may, in the end, prove more economical,
owing to the comparative ease with which they can be laid under
adverse conditions. Also, the advantage of having sewers with
tight joints is worth paying for, especially in cases where the
sewage has to be pumped to the disposal works, when the
question of limiting the volume by excluding infiltration water
becomes all important.

Patent joints, however, have not by any means come into
general use. From a sanitary inspector’s point of view, there-
fore, it is important that the points to be attended to in the
making of an ordinary cement joint should be thoroughly appre
ciated. Iron pipes necessitate a caulked lead joint (see p. 117)

Junctions must always be in the form of a V; no tributary
drain should join at right angles. The figure (Fig. 31) represents
a V-shaped junction pipe. Such pipes are made in all sizes. It
is important to remember, that unless tributary drains join main
drains obliquely in this manner, so that the sewage enters in the
direction of the flow, splashing will occur, and this, in time, is
likely to lead to obstruction, owing to a deposit being gradually
formed from the drying of the sewage that has been driven
against the sides of the pipe, above the water-line. It is needless
to remark that it is a wrong proceeding to connect a tributary
drain by knocking a hole in the main drain, although the
practice is by no means an uncommon one.

Bends in drains should, as far as possible, he avoided ; when
they are unavoidable, tho curve ought to be an easy one. Pipes
with easy bends are made, and should always be used when
bends are necessary (Fig. 32, B), although it is a common practice
to use straight pipes for the purpose. The effect of such a pro-
ceeding is shown by the aocompanyineﬁ sketch (Fig. 32, A). Not
only are objectionable angles formed at the junctions of the
pipes, which tend to interfere with the easy flow of sewage; but
what is still more important, the impossibility of accurately
adjusting the spigot end of one pipe into the socket of the next,
in the case of straight pipes laid otherwise than in a straight
line, necessitates an imperfect joint being made.

In connecting a branch drain with a main drain easy bends
should be used (Fig. 33), but, when it is necessary to depart
from the straight line in the case of the drain itself, or in the
cage of sewers, by far the best proceeding is to constmcéz a man-
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Fig. 82

hole at the point where the curve occurs, in a manner to be
presently described. Indeed, whenever practicable, all tributary
drains and sewers should join the main drain or sewer, as the
case may be, at a manhole, so as to facilitate inspection and
cleansing.

Inspection Elpes of various kinds are made, and ought to be
introduced at the top end of all branch drains, particularly when
they are laid in concrete. The necessity for breaking into a drain,
should it become obstructed, is thus avoided, as the clearing rod
may be introduced at the opening provided.

Perhaps the simplest method, and one which does not entail
any disturbance of the surface, is to introduce what would corre-
spond to a V-shaped straight junction with the opening directed
upwards (Fig. 34), to which a pipe, leading from the surface of
the ground is connected, and along which a rod may be passed.
The top end of this pipe must be sealed, either by a special cap
or by a piece of slate fastened with clay, a small movable stone
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Fig. 35.

slab with ring attached being placed so as to mark the situation
and allow of easy access to the opening.

Another method of inspection (Fig. 35), is by means of a pipe
divided longitudinally into two segments, the upper of which
may be removed by means of a chisel.

A still more convenient arrangement than any of these is now
available in the shape of various kinds of access gully-traps. These
can be obtained from most makers and may be used with advan-
tage in all new drainage work.
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Sewers are constructed of pipes or of bricks according to their
size. In the former case the same rules have to be observed as
have been described in the case of drains.

The proper sizs and fall for a sewer is a question for engineers,
and both are dependent upon the amount of the sewage flow.
The following concise summary is given in Hygiene by Dr. Louis
Q. Parkes:—“To prevent deposit, sewers should be rendered
self-cleansing by being constructed with a sufficient gradient,
and of a size suitable to the volume of sewage which they will
ordinarily be required to carry. According to Mr. Baldwin
Latham, sewers of from 12 to 24 inches diameter should have a
gradient sufficient to produce a velocity of not less than 2} feet
per second, and in sewers of larger dimensions in no case should
the velocity be less than 2 feet per second. For large sewers a
less gradient is required than for small sewers to produce the
same velocity ; but the volume of the sewage to be conveyed must
be very much greater for the large than for the small sewer.
A sewer 10 feet in diameter having a fall of 2 feet per mile; a
sewer of 5 feet in diameter having a fall of 4 feet per mile ; a
sewer of 2 feet in diameter having a fall of 10 feet per mile; and
a sewer 1 foot in diameter with a fall of 20 feet per mile ; will
all have the same velocity of flow, but the volume of sewage in
the 10-foot sewer must be 100 times, in the 5-foot sewer 25 times,
and in the 2-foot sewer 4 times the volume of sewage in the
1-foot sewer.”®

Circular stoneware pipes should be used for all sewers up to
18 inches in diameter, but sewers of larger capacity should be
egg-shaped, with the small end of the egg downwards, and con-
stru of good impervious bricks laid in the best Portland
cement (see p. 20). The advantages of an egg-shaped sewer is
the resulting increase in the depth of flow and consequent dimi-
nution of friction.

Manholes ought to be introduced at intervals of not less
than 100 yards, and the convenient sites for these are where
tributary sewers join, but, as already stated, it is essential
to construct one at each point where the sewer has to alter its
straight course. The same holds good in the case of the drains
of all well-drained establishments; the satisfaction of being able
to look through, and to pass arod through from one end to the
other of the drains and their tributaries, amply repays the extra
outlay.

® For an excellent description of the method of calculating the flow of
ys::r through pipes see the volume on Water Works, Weale’s Rudimentary
es.
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A manhole chamber (Fig. 36), is built of brick-work set in
cement, and the drain or sewer is continued along the floor of
the chamber by means of open half-channel pipes set in a bed of
concrete. The surface of the concrete should be raised some
inches above the edges of the half-channel pipes to prevent the
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Fig. 36.

sewage from overflowing on to the floor of the chamber, and it
should be floated with cement all over so as to present a smooth
and impervious surface. At points along the main channel
tributary drains are connected by means of curved half-channels
similarly laid in concrete, the junctions being formed by special
half-channel junctions being introduced in the course of the
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main channel at these points. All street manholes should be
fitted with a perforated iron lid to allow of the free circulation
of air in the sewers (see p. 88), a bucket or tray being suspended
under the perforations to catch any dirt that may enter from the
. road. In the case of private drains, the manhole lids should
be air-tight, with the exception of the terminal one, which ought
to be perforated for the admission of air to pass along the drains
and up the ventilators at the top ends of the main drain and its
tributaries, a syphon trap being introduced at the outlet from
the manhole into the sewer or cesspool as the case may be.*

So much for the points that have to be attended to in con-
nection with the laying of drains and sewers. A description of
the various forms of traps has purposely been omitted at this
stage, as they may more fitly be described when sanitary ap-
pliances come to be considered.

As regards the supervision of the work of drain laying, it is
impossible to exaggerate the importance of keeping a watchful
eye upon the workmen to insure that every detail is attended to.
Unless faults are discovered during the progress of the work,
they are exceedingly likely to be overlooked altogether, until,
sooner or later, serious consequences result. The fact is, men
are frequently employed as drain layers who are entirely ignorant
of the principles to be observed and the risks to be guarded
against, and until it becomes the custom to require such men to
be registered, a requirement which is happily becoming general
in the case of plumbers, we cannot look for much progress in
this department of sanitary work.

CHAPTER V.,
BANITARY AND INSANITARY WORK AND APPLIANCES.

THE various appliances connected with the drainage of houses
and premises have now to be considered.

In forming an opinion regarding the efficiency of any appliance,
experience is the only safe guide, but one thing is certain, that
no mechanism is satisfactory which does not comply with the
principals of cleanliness and simplicity. Many inventions, how-
ever ingenious at first sight they mai appear, and however
well they may answer experimentally, have to be discarded on

* See footnote, p. 76, and also p. 87.
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account of unforseen circumstances which interfere with their
efficient working in practice.

In conducting an examination into the sanitary condition of
premises, a familiarity with the errors that are likely to be met
with is hardly less important than a knowledge of what is right
and proper, and it is essential that the enquiry should be con-
ducted systematically, step by step; nothing being taken for
granted, otherwise, sooner or later, a mistake will be made.

As traps are met with in connection with most appliances,
it is convenient that they should first be discussed. The pur-
poses served by traps, and the conditions with which all must
comply, are subsequently detailed (see p. 94). The following are
the common varieties met with in practice :—Syphon-trap,
Gully-trap, D-trap, Bell-trap, Antill's trap, and Dipstone-trap.
The two first-mentioned traps (or a modification of them) are
the only ones admissible; all the others are more or less
objectionable.

The simplest form of Syphon-trap for use in the course of a
drain is an ordinary pipe with a bend in it (Fig. 37); both
those represented in the drawing,
however, are faulty for various
reasons. The first because (1)
the dip is not sufficient to pro-
vide a proper water-seal; (2) the
bottom of the trap is rounded,
consequently there is a risk of its
being fixed out of the level; (3)
there is no provision for the ven-
tilation of the drain, in the shape
of an inlet opening on the house-
side of the water-seal; and (4) no
means of access to admit of the
trap or the drain beyond being
cleared out, should either become
obstructed, are provided.

Fig. 87. The second is open to the same

objections as far as the first and

second points are concerned, and as regards the third, although

means of access are provided, it i3 not at a point that will allow

of ventilation, or the unstopping of the drain beyond. There is

another objection to this, which is a form of trap sometimes met

with, and that is that floating matters are likely to accumulate
in the central shaft.

The trap which is best fitted for the purpose (Fig. 38), and
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which is not open to any of the foregoing objections, has two
openings, in addition to the inlet and outlet, one at A in the
sketch, which is carried up by A

means of pipes to the surface of [
the ground, where it is covered by
an open grating and thus acts as
an air inlet, and the other beyond
the seal, which may be used for
cleaning the drain between the
trap and the sewer or cesspool
It will be noticed that this trap il

has a deeper seal than the others; "

that the drain inlet is well above Fig. 38.

the outlet, thus affording a better-flush; and that it stands on a
flat bottom, which facilitates its being laid level.

In the event of the drain terminating in a manhole, such as
has been described on p. 84, previous to joining the sewer or
cesspool, a special form of disconnecting trap, represented in the
sketch (Fig. 86), with a raking-arm or by-pass to allow of
the drain being cleared beyond the trap, should be used. In this
case the inlet for ventilation is pro-
vided by means of openings in the
manhole cover, or if, by reason of its

ition, there is an objection to this,

y & special opening at the side, shown O
by dotted lines, which is carried up A
some distance above the ground level. SECTION AT A.

Fig. 39 represents an improved
trap introduced by the late Professor O
Corfield ; the syphon is egg-shaped
in section and curtailed in calibre ; SECT/ON AT B.
also, the raking-arm has a second
inlet which is sealed by a movable
plug with chain attach This trap
is more likely to be self-cleans-
ing, but should it become obstructed,
a3 may sometimes happen, the
sewage which in consequence would
collect in the manhole would be
liberated by pulling the chain; without this contrivance it
would be necessary to empty the manhole by means of a pump
or with buckets before any one could enter it to unstop the

I
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trap.
'l&e question of the necessity for trapping a drain before it
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joins the sewer is at present the subject of discussion among
sanitary engineers. While some maintain that it is desirable
to adhere to the practice hitherto observed, others advocate the
free connection.

Undoubtedly the introduction of a trap in the course of a
drain has the effect of interfering to a certain extent, with the
free flow of the sewage, and tends occasionally to cause obstruc-
tion ; therefore, if it can be shown that the practice is unnecessary
it ought unquestionably to be discontinued.

By establishing a free communication between the drains and
sewers, the various soil-pipe ventilators, and the ventilators
placed at the top ends of drains, would act as outlets for sewer
air, the inlets being the open manhole covers in the streets.
By this means the circulation of air in the sewers would be
encouraged, and one would hear less frequently of nuisances
arising from street ventilators. On the other hand, the
opponents of the new system say that the abolition of the
trap establishes a connection, through the medium of the sewer,
between the various houses of the town, and so exposes un-
mecessarily the occupants of one property to the consequences of
the misdeeds or misfortunes of other people. For example,
granting that enteric fever may be conveyed by sewer air,

y omitting the trap at the junction with the sewer, the germs,
in place of having a barrier imposed against their exit by other
outlets than the sewer ventilators, are conducted along the
drains to the houses where the gully-traps and the water-closet
traps alone stand in the way of their entry into houses through
the windows or water-closets, although, with free ventilation and
efficient trapping, it is hardly likely that this would occur.

Probably the following is the safe conclusion to arrive at.
Given a perfectly-sewered town, with thoroughly self-cleansing
and ventilated sewers, and efficiently-trapped and ventilated
drains, without any blind ends, it may be safe to abolish the
intercepting trap. On the other hand, in the absence of these
conditions, and they are seldom, if ever, met with, the wisdom
of abolishing the trap may well be questioned.

In the case even of recently drained housed one not infre-
quently finds that a trap similar to that just described (Fig. 38)
is placed at the point where the soil-pipe joins the drain, not-
withstanding the fact that another and similar trap is quite
properly placed at the terminal end of the drain. Under these cir-
cumstances, the soil-pipe cannot answer the purpose of a ventilator
for the drain ; consequently it is necessary to connect another
ventilator with the drain beyond the needless soil-pipe trap,
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and carry it up parallel to the soil-pipe ventilator. 1t is
undoubtedly best not to place a trap at the bottom of the
soil-pipe, the one at the end of the drain being all that is
necessary, apart, of course, from the various gully-traps. Not
only does this do away with the necessity of going to the ex-
pense of providing a special drain ventilator in addition to the
soil-pipe ventilator, but it entirely abolishes the risk of the
occasional odour that may sometimes be detected coming from the
air inlet at the foot of the soil-pipe, at the time when the con-
tents of the closet are being discharged.

Gully-traps are used for the purpose of cutting off the
various waste pipes of the house (bath-room, sink, &c.), and the
rain-pipes from direct connection with the drain. They are
also placed in yards, for the purpose of receiving the rainfall, and
the water used for swilling purposes, carriage washing, &c. In
fact, whenever it is necessary to make a connection with a
drain, apart from the soil-pipe connection, some form of gully-
tmIp must be employed.

n the case of yard gullies, evaporation during warm weather
is apt to lower the water-seal, and so render the trap inefficient.
For this reason it is essential, at such times, to periodically
replenish the traps with water. An excellent gully, Crosta’s
patent, is now made by a firm in Nottingham ; it is so designed
that the least possible water surface is exposed, and so evapora-
tion is reduced to a minimum.

Gully-traps must invariably be placed outside the house;
under no circumstances whatever is it justifiable to fix one
within the house—in the cellar, for example—although one
frequently finds that this is done. Indeed it is by no means
uncommon to find one of these, or even a bad form of trap, fixed
in a back-kitchen, larder, or dairy, and connected with the drain
simply a8 a convenience for floor washing.

A glance at the conditions upon which the efficiency of all
traps is dependent (p. 94), will at once explain the reasons for
this caution, but the most potent one applicable in this instance,
is the risk of the trap becoming unsealed owing to evaporation.
Especially is this the case as regards cellars, owing to the in-
terval that is likely to elapse between each occasion of cleansing.

In the case of a laundry, where a considerable quantity of
water must necessarily fall on the floor, the plan to adopt is to
lay the floor with a slope towards a channel leading to an out-
side gully.

A gully-trap is an excellent thing in its proper place, but ita
place is not within a house.
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The ordinary form of gully-trap (Fig. 40) is very simple and
inexpensive, and it answers the purpose well, 8o far as the yard
drainage and rain-pipe discharge is concerned. It is essential
that it should be periodically cleaned out, but this applies
to all alike. The grating, which may be of iron or stoneware,
although the former is preferable, is surrounded by a cup-shaped
arrangement of stoneware.

Street gullies, which of course are large, are similarly con-
structed, with the exception that the iron gratings are fixed b
means of brickwork set in cement. Gullies are made wit
side inlets below the gratings, for the connection of waste-
pipes ; this arrangement, although unobjectionable, is not
quite in accordance with the model bye-laws, which require
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Fig. 40. Fig. 41.

that waste-pipes shall discharge on to an open channel leading
to the trap. The bye-law in question (No. 66, paragraph 4) reads
a8 follows :—¢ He shall cause the waste-pipe from every bath,
sink (not being a slop-sink constructed or adapted to be used for
receiving any solid or liquid filth), or lavatory, the overflow-pipe
from any cistern, and from every safe under any bath or water
closet, and every pipe in such building for carrying off waste
water, to be taken through an external wall of such building,
and to discharge in the open air over a channel leading to &
trapped gully-grating at least 18 inches distant.”

The accompanying sketch (Fig. 41) represents an arrange-
ment which is in compliance with the bye-law in question. It
will be noticed that this gully is fitted with a bucket, which
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can be lifted out by means of a handle, so that grease and sedi-
ment in the trap can be frequently and easily removed. It is
important that this bucket should be provided with a flange
round the top, fitting accurately to the sides of the trap, so as to
prevent any dirt falling over the sides when it is being removed.

In connecting a sink placed in the basement story of a house,
which has no area outside the external wall, a convenient plan
is to lay pipes from the surface vertically down to the gully,
which of course is necessarily a long way below the surface, and
to extend the handle of the bucket so that it may be reached
from the grating, which is fixed at the ground level. This is
not strictly in accordance with the above bye-law, because the
waste-pipe must, of necessity, discharge directly on to the gully,
but no other arrangement under the circumstances is possible,
and as all pipes ought to be trapped within the house, in addition
to the outside disconnection, there can be little objection to the

proceeding.

Fig. 42. Fig. 43.

Various contrivances are made for the purpose of guarding
against the trouble grising from grease being discharged into
drains, and thus causing obstruction. The grease trap, repre-
sented by the drawing g’lg 42&, is recommended for this purpose
by Dr. Louis Parkes, from whose book on Hygiene and Public
Health the illustration (by permission) is taken. The sink
water is cooled on coming in contact with the considerable
volume of cold water in the trap, the fat is thus solidified, and,
being lighter than water it rises to the top, the heavier matters,
on the other hand, fall to the bottom. Connected with the
inlet, A, is the discharge pipe from an automatic flush tank (see
p. '95), which is constantly filling with water, the supply being
regulated according to the frequency with which it is considered
desirable the flush should take place. Of course the fixing of
this appliance is only practicable in the case of large establish-
ments. The effect of this arrangement is twofold; any sedi-
ment that may have formed is at once carried away, and the
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solidified grease, which has collected on the surface, is broken
up, and, being solid, it is carried on by the flush of water in
place of adhering to the pipes.

The bell-trap (Fig. 43) must be condemned whenever it is
met with. Until comparatively recently this form of trap was
almost invariably fixed within houses, and very often outside
also, although the dipstone-trap was the favourite one for outside
use.

The chief objections to the bell-trap are the following :—

1. The shallowness of the water-seal, which is no deeper than
about § of an inch, and in most instances even less. 2. The
tendency to its becoming choked with grease, owing to the
smallness of the space between the bell and the waste-pipe.
3. The fact that when the grating is removed (as it often must
be, to clear away obstructions), the waste-pipe is untrapped. 4.
The fact that the bell is frequently broken off, in which case it
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no longer constitutes a trap. It is astonishing how often the
latter objection is found to apply, and it is by no means un-
common to find that the bell, when it is present, is not deep
enough to reach the water in the trap.

Antill’s trap (Fig. 44), although a great improvement on the
bqll-trap, because of the fact that the water-seal is not interfered
with by the removal of the cover, cannot be said to be satisfactory,
83 it i3 very liable to get obstructed from deposit.

The syphon-trap, or, as it is termed, the S-trap (or a
modification of it) (Fig. 45), is the only form of trap admissible
for waste-pipes. To allow of unstopping it when necessary, an
access screw-plug ought to be fixed at the bottom of the lower
bend. These traps are not infallible, and in fixing them it is
necessary to observe certain precautions, but these will be dealt
with in the next chapter.
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The anti-D-traR (Fig. 46), which was invented by Mr.
Hellyer, is an excellent trap. It will be noticed that the part
of it which forms the water-seal is smaller in diameter than the
in-go and also that the out-go is enlarged and square in shape.
This arrangement is most effective against syphonage.

The dipstone, or mason’s trap, is a very objectionable one,
in fact it is simply a cesspool on a small scale. The sketch (Fig.
47) shows it in section. It is only necessary to refer the reader
of the essential
conditions  of
a good trap
(p. 94), to prove
why such a one
a8 this must be
condemned. It
is not self-
cleansing, nei-
ther is it easily Fig. 47.
cleansed, and
probably it will be found that it leaks in all directions, for the
workman who is capable of constructing such a trap at all
is not likely to realise the importance of making it water-
tight. The gully-trap is now so well-known, even in country
districts, that, in the case of new work, it is usually employed
in place of the above arrangement of bricks and mortar, still
one occasionally does meet with such an objectionable form of
trap even in new work, and very many may be found in work
of an earlier date. The above sketch
represents this trap as it is met with in
the case of shallow drains, when fre-
quently about one-half the area of the
surface is left open, being fitted with a
grating to receive the surface drainage
of the yard ; not unusually, however,
the trap is completely covered, an
arrangement which is still more objec-
tionable, as the foul deposit which col-
lects in it will rarely be removed.

Another bad form of trap is the
D-trap (Fig. 48). It is usually met
with in connection with soil - pipes,
although, now, the syphon-trap has entirely superseded it. Its
defects are perfectly apparent, there are too many sharp angles
and projections which prevent its being self-cleansing.
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It will be necessary to refer to some of these traps again, in
connection with the details of plumbing ; but it will be convenient
here to call attention to certain important conditions with which
all traps must comply in order to effectively fulfil the &urpose for
which they are intended. They must impose a sufficient and
constant barrier or seal against the passage of sewer gas, and
they must be self-cleansing. The first condition necessitates a
depth of water-seal of at least 1§ inches, and the second, the
absence of all angles, projections, or cavities that may interfere
with a free flush, and lead to the deposit of solid matter, which
would immediately decompose and cause a nuisance. All drain-
traps, as already stated, must be outside the house, and so con-
nected with the drain that in the event of sewer gas forcing its way
through, it would escape into the open air, and not into the house.

The erroneous belief, among the public and ignorant workmen,
that perfect safety is afforded by a trap, is responsible for many
grave defects in house drainage. These defects have already been
noticed in detail in describing the different kinds of traps in use;
but there are certain dangers, against which all traps, however
perfect in design, are more or less inoperative.

1. A trap may cease to be a trap by reason of disuse, owing to the evapora-
tion that takes place from thesurface of the water. Thisisa consideration that
has to be thought of in connection with any drain that is only in use at inter-
vals, and some provision should be made for renewing the water in the trap.

2. A trap may cease to be a trap by the water it ought to contain being
sucked out by syphon action. This is a danger that can be ed against
by connecting an air pipe with the top of the trap, beyond the seal, and by
other means already mentioned.

3. Pressure of foul within the drain may force the water-seal. This
danger may be against by proper ventilation of the drain, sewer,
or cesspool as the case may be.

4. Sewer gas may be absorbed by the surface of the water on one side of
the trap, and discharged from the surface on the other. The more perfect
the seli-cleansing action of the trap, and the better the drain, sewer, or
cesspool ventilation, the less likely is this to ocour.

5. As all traps neceesarily impose a certain amount of obstruction to the
flow of sewage in the drain, they tend to cause stoppage, and for this
reason ready means of access to them should be provided (see p. 82).

Automatic flush-tanks are excellent contrivances, by means
of which drains and sewers may be regularly flushed, a proceeding
which under all circumstances is desirable and often essential.
Drains and sewers ought to be laid with a sufficient fall to be
self-cleansing under the conditions of an ordinary flow of sewage,
but this is not always possible, in which case the flow must be
periodically supplemented by some other means.

Field’s flush-tank, shown in section (Fig. 49), has been
designed for this purpose, and answers admirably. It may be
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constructed to hold any quantity of water, in accordance with
the size of the drain or sewer which it is intended to flush, the
diameter of the outlet being regulated accordingly. Tanks of
this description which are connected with large sewers are mostly

Fig. 49. Fig. 50.

built in brickwork, but those for drains and smaller sewers are
usually made of galvanised wrought iron. In the case of private
drains, the usual capacity of such a tank is from 80 to 100
gallons, the diameter of the discharge-pipe being 4 inches. The
automatic discharge is accomplished bgnx)nes.ns of the syphon
arrangement in the interior. Passing through the floor of the
tank is a pipe which is open at both ends ; the lower end termi-
nates in a chamber underneath, containing water into which it
dips, and in the interior it is surrounded by a cap which does
not reach quite to the bottom of the tank. This constitutes the
syphon. A tap is connected with the tank, and the flow of
water is regulated in accordance with the length of interval it is
intended should elapse between each discharge. The syphon
action is started in the following manner :—As the tank fills, the
water ascends between the inner and the outer pipes, displacing
the air down the central pipe, through the water in the lower
chamber.’ Whea the water has ricen to the top of the central
pipe, it begins to fall down into the lower chamber, carrying
with it a certain quantity of air; in time, by this process, a
sufficient vacuum is established within the pipe to cause the
pressure of the atmosphere to force the water from the tank into
it, and thus, syphon-action being started, the tank is rapidly
emptied through the outlet from the lower chamber which is
connected with the drain. In order to encourage the formation
of the vacuum, the top rim of the central pipe is curved inwards,
8o that the water, in place of trickling down the sides, falls
freely down the centre. For this reason, it is important in
fixing the tank to notice that the syphon is perfectly upright.
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These tanks answer perfectly, however small they may be, for
flushing with clean water, and the larger ones may be used for
sewage water, in connection with the sub-irrigation treatment (see
p- 1568); but when used, as they are sometimes, for collecting and
automatically discharging into the drains the sink or laundry waste
of an establishment, they are very likely to fail from clogging.

A better form of flush-tank for the latter purpose, although it
will not discharge by means of a drop feed, is Adams’ flushing
gully (Fig. 50).

There is one condition common to all syphon flush-tanks, and
that is, that should there be a second trap in the line of drain
with which the tank is connected, it must either be removed or
an air-break must be introduced between it and the tank.

In the construction of a water-closet, attention ought to be
paid to the following points : —

1. It ought to be placed next an outside wall, and, if possible, separated
from the house by a passage with cross window ventilation, the closet itself
being provided with a window for ventilation.

2. A perfect water flush must be provided. This must not be taken from
any cistern for supplying drinking water, nor service water-pipe, and should
be sufficient to entirely remove the excreta, and nothing in the construction
of the closet should tend to interfere with this complete removal.

3. The soil-pipe should be outside the house, a water-seal being interposed
between it and the closet, and it ought to be so constructed as to allow of
the free passage of air through it.

4. The drain that removes the water-closet waste oug:t not to be directly
connected with the sewer or cesspool, as the case may be, but an opening to
admit air, with a water-seal between it and the sewer or cesspool must in
all cases be provided.*

The following varieties of water-closets are met with :—the
:ﬁ.lve, the wash-out, the wash-down, the plug, and

e pan.

’l‘hg following description of these forms has reference only to
their construction, and in discussing their merits or demerits it
must be remembered, that while a bad form of closet cannot by
any process be made sanitary, a good closet may be rendered in-
sanitary by errors in fixing. In other words, a bad closet cannot
be made a good one, and a good closet may be made a bad one ;
the plumber cannot rectify the faults arising from a defective
design, while he may defeat the objects aimed at in a good design.
The details of fixing will be dealt with in the next chapter.

The valve closet (Fig. 51) is an excellent appliance, pro-
vided economy is not considered; but, as there is a certain amount
of mechanism in its construction, unless the best quality of
workmanship is obtained, faults will very soon become apparent

* See footnote. p. 76, and also p. 87,
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The simplest wash-down closet, of good design, is much to
be preferred to a cheap valve closet.

‘The valve closet, apart from the fittings, consists of an earthen-
ware enamelled basin, A, which is kept about two-thirds full of
water by means of a valve,
B, at the outlet. The water
flush is connected with the
rim of the basin, which is
turned inwards upon itself,
O, so that the discharge
passes all over the surfacs,
in place of being distributed
over one side only, as is the
case with the fan spreader.
By means of a “pull” the
valve is depressed within
: box D, which is oconnected

Fig. 51.* with the basin above, and
with the soil-pipe trap be-
low, and thus the water and the contents of the basin are
discharged through an opening 3 inches in diameter into the
soil-pipe. The valve-box, which ought to be made of cast iron,
enamelled in the inside, is connected with the trap by means
of a short conducting pipe, E. A lead overflow pipe, F, with
& praperly-constructed syphon-trap, G, connects the basin with
the valve-box below. Valve closets without overflows are now
fixed not infrequently; in such a case, in the event of accident,
the basin overflows into the safe-tray.

It is also important to ventilate the valve-box by a pipe, H,
which should be carried through the wall at a convenient point
a few feet away from a window, where it should be cut short and
left open to the air. It is not necessary to continue this air-
pipe upwards above the roof, the closet being self-cleansing, and
the soil-pipe being ventilated. With a valve-box not so ventil-
ated, the syphon-trap of the closet overflow is liable to be unsealed
by the rush of water through the conducting pipe, E, when the
closet is used, particularly if the pan has been filled up to the
brim. Any foul air that may be generated in the closet-trap if
the handle of the water-closet should be carelessly pulled so as not
to allow of the free flush of the trap readily escapes by this pipe.

It is convenient to connect the overflow pipe with the valve-
box ventilator, and there is no objection to such a proceeding.

* The anti-syphonage pipe should be directed upwards and forwards
before ing backwards &rongh the wall ; obstruction is likely to take
plaee if it is directed as in the drawing (see Fig. 83, p. 138).
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Upon the floor under the closet, a safs or tray sb?uld be fixed
to prevent injury to the floor, or the ceiling below (if the water-
closet is on an upper floor), in the event of the overflow of the
basin (if it has one), becoming stopped, and the supply-valve
becoming defective, or any other accidental circumstance that
might cause leakage The construction of this safe, and the ar-
rangement of its overflow, will be described in the next chapter.

T%e pan closet (Fig. 52) is a very different piece of
mechanism to the above, and ought, when met with, to be
unhesitatingly condemned. . .

The drawing shows it as it is almost invariably seen connected
with a D-trap (see p. 93). A moment’s reflection will make it
apparent how thoroughly
filthy the whole arrange-
ment is. The basin, in
this case, A, is fixed
within a large cast-iron
vessel called a con-
tainep, or more pro-
perly receiver, B. The
outlet of the basin is
into a movable copper
pan, from which the
closet takes its name,
and which sustains the
water in the basin. By
raising the “ pull ” of the
closet, this pan describes
a semi-circle within the
container, until it reaches
the point marked D
within the dotted lines, and its contents are suddenly discharged
into the trap underneath the floor, with which the container is
connected, causing splashing all round the interior of the con-
tainer, and on the under surface of the pan. To realise the
disgusting effect produced, one must see the interior of such a
closet which has been in use for some time, and it will then
become apparent why a foul smell should be given off every
time the closet is used, for at that time no waterseal exists
between the basin and the container. Apart, therefore, from
the usual insanitary conditions found in connection with this
form of closet, in itself it cannot be otherwise than unwholesome.

The plug closet, represented in section (Fig. 53), is also
known as the trapless closet. The water-seal in this case is
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maintained by means of a plug, A, which is contained in a side
chamber, BC, from the top of which an overflow passes down to
join the soil-pipe below the plug, or, as is sometimes the case,
the overflow, trapped by an S-trap, passes through the centre of
the plug. It is
—  not a safe proceed-
ing to connect one
B l I o of these closets di-
rect with the soil-
pipe, but, like the
valve closet, it
e X should discharge
into a syphon-trap,
otherwise, foul air
will pass into the
apartment from
the soil-pipe when
the closet is in
Fig. 3 use. Also, should
any substance, such as paper or a match, get lodged between
the plug and its socket, and so allow the water forming the seal
gradually to pass away, the soil-pipe would then be in direct
communication with the house. Another objection to the plug
closet is, that owing to splashing, the plug chamber above the
plug becomes foul, and an offensive smell may pass into the
apartment through the opening for the plug handle. This
difficulty has been overcome by Jennings, who, in his new
plug closet, has abolished the upper part of the chamber, and
carried the plug-rod upwards to the handle by means of an open
skeleton frame-work.

The hopper and the wash-out closets are all constructed
very much on the same general principles, although they differ
in important details. Both are made of stoneware, as is the
S-trap, into which, in the former case, the excreta fall direct.
The sketches (Figs. 54 and 55), which represent in section the
long and the short hopper, require little or no description, as
they speak for themselves. .

e short hopper is andoubtedly a great improvement upon
the long one, by reuson of the fact that it has a smaller area of
basin to flush, consequently the contents are more thoroughly
expelled, and fouling is less likely to occur. The short hopper
is well adapted for an outside water-closet, or one on the ground
floor, where it can be connected with the drain without the
intervention of a lead soil-pipe ; but for upstairs water-closets,
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there are difficulties associated with the junction of the stone-
ware trap and the metal soil-pipe, which militate against this
particular design ; these, however, will be dealt with more fully
in the next chapter.

Fig. b4.

The wash-out closet (Fig. 56), which, in recent years, has
been fixed in 80 many houses, differs from the short hopper chiefly
in two respects—the basin and trap are constructed of one
piece of stoneware, and the former is shaped so as to form a
shallow container for water, into which the excreta fall and

Fig. 67.°
over the ledge of which they are discharged by means of the

f!‘ig. 66,

into the syphon-trap below Of course the object _of in-

s:o?u;il:xg this sh?l)low da.ng of water is to prevent the fouhx}g of

the basin by excreta, but although it may have that effect, it is
* As regards the anti-syphonage pipe, see footnate, Fig. 61, p. 97.
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acquired at the expense of other and important requirementa.
In the first place, the interruption of the downward flush leads to
the partial emptying of the trap only; and, secondly, the splashing
of the water against the wall of the basin above the trap causes
portions of feecal matter to be deposited on the sides in a position
beyond convenient reach for cleansing. This, in time, causes the
glaze to crack, and so by converting what ought to be a non-
porous into a porous surface the mischief is added to. The
effect of both these faults is to produce a condition of things that
is hardly less objectionable than that described in the case of the
old pan closet. The mixture of urine and fmcal matter which
remains in the trap after the flush leads to a deposit being
formed on the sides, which soon begins to decompose, and each
time the closet is used a certain area of this deposit is exposed,
with the result that foul odours are given off. But, in addition
to this, the part immediately above tile trap, which is freely ex-
posed to the air of the closet, and which, as already stated, in
time becomes coated with filth, is alternately wet and dry, and
constantly gives off offensive odours. Any one can satisfy him-
self with regard to the acc of these assertions, by lifting
the closet seat and holding a lighted taper above the water-seal,
and by placing his nose moderately close to the basin.

It is a fact that hundreds of these closets are removed
yearly from London houses, on account of the nuisance arisin
from the conditions described, and the author has frequently
to advise the same course in the country, sometimes when
the apparatus has only been in use for 12 months, and with a
3-gallon flush. A closet of this description with a 2-gallon flush
(Il that is permitted in most towns) will not thoroughly flush
the trap on all occasions, or even usually, and a 3-gallon flush
will not do 80 in the case of all closets constructed according to
this pattern.

In contradistinction to the wask-out, what is termed a wash-
down closet (Fig. 57), which, as regards design, is practically a
short hopper, except that it i8 made in one piece of stoneware, is
now largely used. In some of these, of modern make, a 2-gallon
flush will almost invariably, and a 3-gallon flush will invariably,
with proper use, leave the trap free from paper or excreta, and
they are not open to the objection arising from splashing. In
fact, this design of closet, if properly constructed after the
fashion shown in the drawing, with a good depth of seal, and
a sufficient surface area of water to provide against fouling
of the surface of the basin by excreta, and fitted in accordance
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with the rules laid down in the next chapter, compares favour-
ably with any, including the valve closet, and it has the advantage
over the latter that it costs less than one-half.

Recently another form of watercloset has been brought out
by Jennings of Lambeth, called the century closet (Fig. 58).
It has taken the place of another closet, called the dececo, which
it resembles in principle, and although it is an expensive appli-
ance it must be admitted that it is cleanly and has points in its
favour which the latter closet did not possess. The feature of
this closet, like the one it supplanted, is that the ascending arm
of the syphon-trap is continued upwards, so that the water in
the basin stands at a higher level, and oonsequentlg a larger
area is exposed, and a deeper seal is formed ; also, the descending

Fig. 58.

arm terminates in a second syphon before it joins the soil-pipe,
It will be noticed that this arrangement practically corresponds
with the construction of the automatic flush-gully described on
p- 95, and, as a matter of fact, its action is identical. Syphon
action is started with the inflow of water from the supply cistern,
both by the pipe, A, (})using to the rim and by the pipe, B,
discharging into the descending arm of the syphon, and the
contents of the basin are rapidly extracted by that means.
Since the century closet was introduced, others very similar in
design have been brought out by other makers.

In selecting a closet it is important to remember the following
points :—1. 'As regards the valve closet, only the best quality,
and, therefore, the most expensive, is likely to give satisfaction.
2. The plug closet cannot be strongly recommended, but none
are satisfactory that have the long chamber for the plug, and
all must be fixed with a syphon-trap. 3. Avoid a closet with too
long a basin. 4. On no account select a wash-out, but if one of
that class be decided upon, let it be a wash-down. 5. Be careful
to notice the plan for connecting with the soil-pipe, according to
the cautions mentioned on pp. 119-21.



SANITARY AND INSANITARY WORE AND APPLIANCES. 103

8pecial cisterns for suppl{ing the water-closet flush mus
always be provided (see p. 21), and in most towns what are
termed water waste-preventers, which discharge 2 gallons at
a time, are insisted upon. From what has already been said, it
will have been understood that this quantity is hardly sufficient
even for closets of the best construction, and for any other it is
far too little. Whenever possible, therefore, it is advisable to
fix a cistern which delivers 3 gallons.

There are many kinds of water waste-preventers, as they
are termed. The drawing (Fig. 59) represents one which dis-

Fig. 59.

eharges by syphon action ; it is simple in design, and requires
little description. The water supply is regulated by a ball-tap,
and syphonage takes place when the plug is raised by pulling
the handle. When once syphon action is started the whole of
the water will be discharged, whether the handle is liberated or
not.

These cisterns are generally made of cast iron, and, to prevent
rusting, they should be galvanised. The formation of rust is
very objectionable as it causes staining of the closet basin. For
this reason, cisterns are sometimes made of wood with lead
lining, and these are certainly to be preferred to the cast-iron
ones although they are a little more costly. In selecting a
cistern it is important to notice whether it is silent in action, as
many of them are very much the reverse, and give rise to com-
plaints in consequence. Often, however, this is not so much the
fault of the cistern as of the plumber who fixes it
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A cistern of the water waste-preventer type is not suited for
a valve closet, but an ordinary cistern with a ball tap should be
used, the flush being regulateg by what is called a supply-valve
and bellows-regulator, an apparatus which is worked by
means of the closet pull. By turning the stop-cock on the
bellows-regulator, the rate at which the air escapes may be
controlled ; and as it is8 upon this that the amount of water
delivered depends, it is possible to adjust it for a large or a small
flush. Another advantage is that with this apparatus several
flushee may be given in rapid succession, and this is why water
companies object to it, although, according to Mr. Hellyer, “a
goo&):l:pply-valve and regulator is not likely to waste so much
water a8 nine-tenths of the so-called water waste-preventers.”
The drawing (Fig. 60) will
asgist the er in under-
standing this appliance. The
regulator in this instance is
fixed on a cast-iron frame
separate from the closet, but
closets are to be obtained with
the whole apparatus attached.
In the figure, A represents
the bellows-regulator which is
made of copper. The small
tap at the top is for the pur-
pose of regulating the pace at
which air can pass out of the
bellows, and it is this which
determines the amount of
water that is discharged into the basin. By turning the tap so
that the air passes through slowly, the weighted lever, C, takes
longer to descend and close the supply-valve, B, and until this is
closed water will continue to be delivered from the cistern. If
the cistern is placed as high as 4 feet above the closet, a 2-inch
pipe, connected with a 1}-inch supply-valve, will supply a
sufficient flush, but if the height is only a foot or two, then a
larger valve is necessary.

e trough closet (Fig. 61) is exceedingly well adapted for
manufactories, schools, public buildings, and blocks of houses.
It may be said to be a combination of wash-out closets with a
common flush. It consists of a trough, usually of stoneware,
which extends from one end to the other of a series of closets,
which are simply compartments formed by partitions, each having
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an opening into the trough, and the whole being under one roof,
and freely ventilated. The form shown in Fig. 61 is a great
improvement on the original trough-closet, which consisted of a
trough only, no rim-flushed hoppers or basins being introduced.
Connected with the rim of each basin or hopper is a pipe from
an automatic flush tank, similar to that described on p. 94,
which is fixed about 5 feet above the closet seats, Each closet
is trapped by the hoppers dipping into the water in the trough,
and there is a common trap cutting off the latter from the drain.
The size of the flush-tank depends upon the number of closets
on the system, and the frequency of the flush is regulated by
the tap on the supply-pipe.

The trough-closet system is only admissible on a large scale

Fig. 61.

in towns with ample water supplies and favourably situated for
dealing with the sewage. It may be essential, however, to
exercise economy in the consumption of water, owing to its
scarcity, or because the surroundings necessitate a pumping
scheme, or because ample land is not available, in which case
the introduction of the slop-closet system, referred to on p. 74,
may, other things being favourable, be entertained.

In many districts slop-water has long been used as a flush
for the old hopper closet, the waste-water being simply collected
in buckets, and tilted by hand into the pan. The more approved
system now in use was first introduced some years ago by Dr.
Alfred Hill of Birmingham, and since then hundreds of slop-
closets have been fixed in that town.

Recently considerable improvements have been effected in



106 PRACTICAL SBANITATION.

their design, and other towns have adopted the system with
success, when compared with the privy or pail systems.

There are several varieties of slop-closets, but Duckett'’s,
Allen’s, and Day’s are those usually met with.

Duckett’s closet (Fig. 62) consists of an oval pan, which
reaches from the wooden seat to the drain, the depth varying in
accordance with the distance of the drain from the surface.

Immediately under the pan is a chamber, the floor of which
has an annular arrangement for retaining a certain quantity of

kY lgo V&,

water. This chamber opens below into a syphon-trap which is
connected with the drain. The sink pipe discharges on to a
gully in the usual manner, the outlet from which is connected
with a tilting vessel or tipper holding 3} gallons. This tipper,
which may receive other house connections, if necessary, is
balanced on brass bearings, so as to cause it to tip over when
full, and discharge the whole of its contents suddenly into the
closet-trap.

Allen’s closet (Fig: 63) is constructed much on the same
principle, except that the closet-pan is connected with the top
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of the drain (or sewer, see Appendix), without the interven-
tion of a syphon. Several closets may thus be connected, the
flush being supplied by a tipper at the top end receiving the
drainage of the houses, and a manhole, with syphon-trap and
raking-arm (see p. 84), is placed at the outlet into the main
sewer. The manhole cover is open, and the top end of the
drain, or tributary sewer, is ventilated by a 4-inch pipe carried
up above the roofs of the houses; a ventilating pipe is also
carried from the top of each of the closet-pans.
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Fig. 63.

To guard against the risk of stoppage of the drain, from large
articles being thrown into the closet, an arrangement, shown in
small section (Fig. 64), is fixed on the top of the closet-pan. It
consists of two converging plates which are directed
downwards for some distance, and approach each
other in the middle, so as to form a longitudinal
opening, the long axis of which extends across the
pan from front to back, the transverse measurement
I | of the opening being about 2} inches.

: ' The drawing (Fig. 65) represents Day’s slop-closet,

o a form of closet which has lately come much

Fig. 64. into favour among advocates of the slop-closet
system.

The chief features of the apparatus are :—(1) The tipper is the
receiver for the excreta, and it discharges directly over the
syphon-trap; and (2) each section of the connecting shaft between
the pedestal and the container for the tipper has an increased
diameter from above downwards, an arrangement which lessens
the risk of matter adhering to the sides. Many of these closets
bave been fixed in Wolverhampton, Stafford, &c.
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There are other forms of slop-closets, but the three that have
been described may be considered typical of the rest.*

As regards the slop-closet system from a sanitary point of
view, much difference of opinion prevails. All are agreed,
however, that the system will compare very favourably with

the privy-midden, or even the pail system of excrement removal,
at the same time, from a cleanly point of view, slop-closets are
undoubtedly inferior to ordinary water-closets.

ARGUMENTS FOR AND AGAINST THE SLoP-OLOSET SYSTEM.

The question whether the slop-closet system may be accepted,
on general sanitary grounds, as a satisfactory way out of the
difficulty in the case of towns where the privy or pail systems
are in operation is one which is by no means settled, and
authorities, in their efforts to remedy existing evils, must be
careful to avoid creating others. It may be well, therefore, to
consider the arguments for and against the system as compared
with the ordinary water-closet system.

As regards the cost of introduction, it may be accepted as a
fact that there is little to choose between them, but the annual
expenditure is certainly less in the case of slop-closets.

‘The following are the chiefarguments arranged categorically :—

* See report on slop-closets and trough-closets, by Dr. Parsons, ‘‘ Twen-
tieth Annual Report of the Local Government Board” (Supplement), 1890-91.
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Arguments for.—1. The trouble and expense entailed by the
freezing of pi{:a and cisterns in the ngo of outdoor w’nter-
closets need not be considered in the case of slop-closets, as
experience has shown that, apart from the temporary incon-
venience arigsing from frozen gullies (a trouble which is easily
rectified), frost does not affect the working of the system.

2. By utilising the slop-water of a homaeholdy for flushing
closets, considerable economy is effected in the consumption of
water, providing the supply is honestly used and the taps are
not allowed to run simply as a means of flushing the closets.

3. The volume of sewage to be dealt with is greatly lessened—
an important consideration, especially in towns where it has to
be pumped to the disposal worﬁ.

4. Experience has shown that with proper and systematic
inspection—a condition common to both systems—the trouble
arising from carelessness on the part of persons using the closets
is, possibly, not greater in the one case than in the other.

Arguments against.—1. Slop-closets are certainly not so cleanly
as ordinary water-closets, but for outdoor purposes probably no
very serious objection can be raised against them on this score.

2. Undoubtedly if slop-closets were generally introduced, the
difficalt question of drain and sewer ventilation would be greatly
complicated, partly because of the lessened flushing power of the
sewage, owing to its diminished bulk, but mainly owing to the
rapidity with which putrefaction takes place in such sewage, a
considerable portion of which, especially during the night, must
have remained in the tippers for some hours.

3. The general introduction of slop-closets in many cases
would add to the difficulties of sewage disposal, owing to the
highly concentrated nature of the sewage and the want of
aération, consequent upon the absence of a clean water-closet
flush, and upon the fact that most of the fluid contributing to
the flow has been boiled. This difficulty, however, has been
lessened by modern methods of disposal. It must be remem-
bered that flushing of the closets by allowing the taps to run
does not uniformly dilute the sewage, as it is generally during
the night, when the sewage flow is at its lowest, that the water
is left running.

4. Experience in certain towns where this system has been
largely introduced has proved that the objections raised by the
Water Companies to its introduction have by no means been ill
founded, as it undoubtedly does lead to a considerable waste of
water in many cases.

6. Nuisance frequently arises, and house drains often become
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obstructed owing to the misuse of such closets by careless people
who frequently make use of them as receptacles for solid house
refuse—broken crockery, brick ends, &c.

In weighing the arguments for and against the slop-closet
system, it must not be forgotten that some of those which tell
against it are largely attributable to the absence of efficient
inspection. Authorities who adopt the system mus: face the
necessity of systematic inspection at short intervals, and appoint
inspectors specially for that purpose. When first introduced,
the system, from the point of view of the Sanitary Authority,
appeared to be both efficient and economical, but practical ex-
perience has shown that this is not quite the case. If we could
ensure that the closets had proper attention, no doubt little
trouble would be experienced, but among the working classes it
is the exception, not the rule, to meet with persons who will
take the slightest trouble to look after any appliance, however
simple, the majority being content to let matters slide until the
time comes when it is beyond their power to remedy what
might in the first instance have so easily been prevented.

When the system was first introduced it was thought that it
would prove to be a simple solution of the vexed question of
water carriage versus conservancy methods. Probably, however,
most of the Authorities who were enthusiastic advocates of the
system in the first instance have since had reason to doubt
whether they were well advised in adopting it. It is true that
in districts where it has been in operation a considerable annual
saving has been effected, even in cases where the cost of its
introduction has been defrayed by the Authorities, but economy
should not be the first consideration, and, while all are agreed
that the conservancy method in towns must be discarded, it is
daily becoming more and more apparent that the water carriage
system proper is the only alternative.

On the whole then, for the reasons given, it is more than
doubtful whether the disadvantages of the slop-closet system do
not outweigh its advantages.

Erreor or FrosT ON OUuTDOOR WATER-CLOSETS.

As regards the actual injury resulting from frost in the case of
outdoor water-closets, there is considerable difference of opinion
among engineers, and it is most desirable, in view of the pre-
ceding arguments, that facts bearing upon the subject should
be collected.

During the severe frost in the winter of 1895, the author
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instituted an inquiry in two towns in Staffordshire (A and B),
the results of which are shown in the following table :—

Frozen. | Per cent. || Fractured. P‘&?ﬁ‘.‘.“ Pgoee'::of

Town A, 5 Supply pipes, [ 119 76 30 19 25
157 Cisterns, . | 112 71 9 57 80
Observations, | Pans,. . .| 157 | 100 3 9 19
Town B, Supply pipes,| 196 97 8 39 40
201 ; Cisterns, . | 180 89 6 29 33
Observations, ( Pans,. . . | 201 100 4 19 19

Town A = 120,

Percentage precauntions, B= 1%
” = .

Of course, no reliable conclusions can be drawn from one set of
observations, and it is only by repeated inquiries, in many towns,
and under varying conditions of frost, that satisfactory evidence
can be obtained ; still, the figures are given for what they are
worth, and they point at least to one interesting conclusion—
namely, that the injury resulting from frost may differ greatly
in different towns. It will be noticed that in the case of
town A the percentage of frozen pipes which burst was more
than six times greater than in town B, a circumstance which
can easily be explained, for in the former town the water-
carriage system had long been in operation, and the plumbing
work was of the most inferior description, whereas in the latter
outdoor water-closets had only lately been introduced, and the
plumbing work was much more substantial. It will be noticed
that although the bursting of pipes was excessive in town A,
the percentage freezing was less than in town B. This is
probably explained by the fact that in the former case the
water-supply was an old gift to the town, and only a nominal
charge was made for it, in consequence of which the cistern
pulls were frequently purposely fixed to allow the water to flow
continuously during tﬁe frost, whereas, in the case of town B,
no such licence was allowed. The difference in this respect is
shown by the relative percentage of precautions adopted in
each case, most of which were of this nature.

DRAINAGE OF SLAUGHTER-Houses, COwWSHEDS, STABLES,
AND PIGGERIES.

The general requirements in these buildings are defined in
the model byelaws (see Appendix), but it may be well to
describe a little in detail how they should be drained.
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All slaughter-houses, cowsheds, and stables should be dis-
connected from the drains—that is, no trap should be placed
within the buildings. The floors should be laid in impervious
material, such as brickwork set in cement on a bed of concrete,
and a plentiful supply of water should be available for cleansing
purposes.

The floor of a slaughter-house should have a slight t:dl
from all sides towards one point close to the wall, through which
a pipe should be carried to a gully on the outside. The .gull.y
best suited for the purpose is one similar to that which is
represented on p. 90, Fig. 41, which is provided with a tucke
to allow of easy removal of any deposit.

sh'g(lie ﬂgor of a cOW-
should have a
RISISISEMISISIShE slight fall towards a
central shallow channel,
which should have an
inclination towards the
outside wall, through
which a pipe should pass
to a gully in the manner
just described.
'ﬁ_ﬁ‘] Stables should be
drained in the same
manner, except that the
surface channels should
be constructed of half-
channel iron pipes, coated
with a protective ooat-
Fig. 66. ing, such as Angus
Smith’s preparation, and
covered with movable, perforated iron-plates, as is represented
in the drawing (Fig. 66). These plates
should be periodically removed for the
purpose of washing out the channels.
For the sake of appearances, the gully,
in place of being fixed on a level with
the surface of the ground, may in all
these cases be sunk a little distance, so
as to admit of the pipe which passes
through the wall discharging under-
neath an additional grating, placed above that which covers the
gully, on brickwork laid in cement, in the manner shown in
;zction d-in the drawing (Fig. 67), or a gully with side inlet may
use

HEEHEHEEH
HEEHHHEH




PLUMBER’S WORK. 113

Piggeries, as they are usually constructed, give rise to great
nuisance, but this may at least be considerably modified if the
styes are properly built, and ordinary attention is paid to
cleanliness. Wood is frequently used for the flooring, and it
soon becomes saturated with decomposing filth. The floors
should be properly paved with impervious bricks or asphalt,
and although, in this case, the drain may be connected with
8 gully placed within the enclosure, it is more cleanly to make
the connection in the manner described in the case of cow-
sheds, &c.

It is a common practice among pig-keepers to allow a large
collection of manure to remain within the enclosure, so that it
may be trodden by the pigs, with the object of adding to its
virtue as a manure. This, besides creating a nuisance, must
injure the health of the animals.

CHAPTER VI.
DETAILS OF PLUMBER'S WORK.

THE connection of the various sanitary appliances with the
drains—that is, the plumbing work—has now to be considered,
and it is here we meet with the most glaring defects. The
appliances themselves may comply in every respect with the
principles laid down already, and yet the useful purposes
for which they have been designed may be entirely defeated
through the ignorance or culpability of the workmen employed
in fixing them. The puplic are greatly to blame for this. So
long as plumbers are employed whether they can show any
evidence that they possess a knowledge of their work or not, so
long will scamped work be turned out, money wasted, and health
endaugered. The best way to correct this is to refuse to employ
all uncertificated plumbers, and only engage those who possess
recognised certificates. If there is one branch of work in which
the maxim efficiency before economy is specially applicable, it is
that of plumbing. AM cheap plumbing is bad, and good plumbing
must be paid for. 8
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WATER-OLOSET CONNECTIONS.

The soil-pipe, as already stated, must be placed outside the
house, and in a situation where it is screened, as far as possible,
from the direct rays of the sun, 8o as to avoid its becoming bent
from expansion; it ought not to be larger than 4 inches in
diameter, and for the purpose of ventilation it should be carried
upwards, full size, to above the eaves of the house, and terminate
at a spot well removed from all windows or chimneys. It is by
no means unusual to meet with soil-pipes 5 or even 6 inches in
diameter, placed inside the house, and, if ventilated at all, only
by an inch pipe terminating at a point where the foul gases it
emits may enter rooms, or even contaminate water supplies.
Examples of such arrangements will be given later.

The objection to a large soil-pipe is, that it presents a larger
surface to be flushed, and a greater area on which deposit may
take place, in addition to the fact that it costs more. A 3-inch
soil-pipe will really answer all requirements, the only objection
to it being the greater risk of syphonage of traps, an accident,
however, which may be guarded against; if several closets are
connected with one soil-pipe it is safer to use a 34-inch pi

Drawn-lead soil-pipes are by far the best; seamed lead
pipes are absolutely inadmissible, and iron pipes are not
satisfactory, as the interior is not smooth, they corrode very
readily, and unless they are strong enough to allow of the joints
being caulked in with lead, a tight joint cannot be made. The
only iron pipe that may be used is a water main or “under-
ground ” pipe (coated with Angus Smith’s solution), as it is strong
enough to allow of a caulked lead joint (see p. 117) being made.
Another objection to iron soil-pipes is the difficulty of making a
good joint between them and the lead junction or trap, and an
iron trap must not be used.

The objection to a soldered seam-pipe is, that it may become
faulty along the seam from corrosion having weakened the
union, and from variations in temperature causing expansion
and contraction of the pipe. An old seamed soil-pipe that is
absolutely perfect is seldom met with, although if the workman-
ship is very good, such a pipe may last for a long time.

Drawn-lead pipes ought to be of uniform thickness throughout,
and of at least 7 lbs,, or, still better, 8 Ibs. weight per superficial
foot.

With regard to the ventilator, or air-pipe, which is simply
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a continuation upward of the soil-pipe, all bends in it should, as
far as possible, be avoided, but when necessary to introduce an
angle it ought to be an “easy” one. It is a very common
practice to carry the ventilator round, in place of through the
eaves of the roof, thereby greatly interfering with the current
of air (see p. 49). If there should chance to be a window in the
roof near to the point where the ventilator pierces the eaves, the
pipe must be carried with- an easy bend upwards along the roof
to some distance above the window. It would be less unsightly,
no doubt, not to pierce the eaves in this case but to carry the
ventilating pipe through the wall and upwards inside the roof,
bringing it out with an easy bend at the proper point, but this
would not be a desirable arrangement.

Cowls are sometimes placed on the top of ventilating pipes to
encourage an upward current of air. Except in wet weather it
is a question whether anything is gained by their use, and there

] L

is a risk that birds will build in them. The same risk applies
when the ends of the pipes are left free, so it is advisable to cap
them with wire netting of large mesh, fixed so that it projects
upwards in a semi-spherical form.

Joints.—The best joint for a lead soil-pipe is a wiped-joint
(Fig. 68), but, unfortunately, it is not by any means always met
with, even in recent work. What is known as a copper bit-
iolnt (Fig. 69) is the joy of the plumber, because it requires

ess skill to make; as regards strength, however, it will not
compare with the wiped-joint.

Wiped-joints are made as follows, whatever the size of the
pipe may be:—First, what is called a “tan pin,” which is a
pear-shaped block of box-wood (see Fig. 70), is introduced into
the upper end of the lower length of pipe, and by means of a
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mallet it is hammered into the pipe, so as to produce a bulging
of the edge to allow of the introduction of the lower end of the
upper segment, which should also be bulged outwards by means
of the tan pin, but to a lesser extent. The two ends should
then be rasped down on the outside, leaving only a thin
edge on the entering pipe to allow of its adjusting itself to
any slight inequality, and leave a space between the upper
and lower segment into which the solder will run, thereby
making the joint more perfect. The accompanying section
(Fig. T1) illustrates what is meant. The proper distance for
the upper pipe to enter the lower is from § to § inch. Having
thus adjusted the ends so as to insure an accurate fit, the next
proceeding is to apply a paint composed of lamp-black, glue, and
whiting to the outside of the two abutting ends, for about
4 inches along the pipes in the case of a 4.inch pipe, and when
this is dry the surface of each for a distance of 2 inches is
“gshaved” with a special hooked blade (shave-
hook), care being taken not to remove more
than the paint and the finest surface of lead.
The object of this shaving process is to remove
all the outer surface of the lead, 80 as to pre-
sent a perfectly untarnished surface for contact
with the solder, but the workman must be care-
ful not to shave too deeply, otherwise the joint
will be correspondingly weakened. This being
completed, the shaven ends are immediately
smeared over with grease (tallow) to prevent
re-tarnishing of the surface, which would inter-
Fig. 71. fere with the adhesion of the solder.

Previous to the above preparations, the solder-
pot, with the necessary quantity of solder, has been got ready for
melting—a process which has to be carefully conducted, so as
not to overheat the metal, in which case it would not afterwards
admit of wiping. Plumbers usually ascertain when the proper
temperature is reached by applying a piece of paper to the
molten metal, and the moment the heat is sufficient to ignite
it, the pot is removed from the fire.

The solder is now poured on to the accurately adjusted pipes,
and wiped round into the shape represented in the drawing by
means of a ‘“soldering-cloth,” which must be smeared with
grease to prevent the solder from adhering to it. It is never
necessary to use a soldering-iron in the case of small pipes, but
if the joint has to be made in an upright 4-inch pipe, the solder-
ing-iron will be required to heat the surface. The best material

Nz

\
\
\
N
\

A0 7000909050,



PLUMBER’S WORK. 117

for a soldering-cloth is moleskin, four or more folds in thickness,
but strong linen will answer the purpose. The solder that is
used for making this joint consists of tin and lead, in the pro-
portion of one of the former to two of the latter.

Copper-bit joints (Fig. 69), although far inferior to wiped-
joints, are still frequently made, but no plumbing work of this
description can be passed as other than third-rate. So far as
the first part of the process is concerned, it is very similar to
that in the case of the wiped-joint, except that the bulging
outwards of the upper end of the lower pipe is carried farther.
The solder is not melted in a pot, but is used in the form of a
stick, and run into the space between the two pipes by means of
a heated copper-iron (copper-bit), hence the name. In this case,
the proportion of tin to lead, in place of being one to two, is
one to one, that is, the two are in equal proportion, the reason
for this being that in this proportion it retains its heat long
enough to enable it to float into the space. A glance at
the drawings will indicate, without any further comment, how
lg)rea.tly superior the wiped-joint is as compared with the copper

it-joint.

‘What is called a blown-joint is made as follows :—Having
prepared the pipes in the manner already described, they are
adjusted ; the abutting ends are then heated by means of a blow-
pipe flame, for which purpose a candle is generally used, and
when sufficiently hot, a stick of solder is applied, which is melted
by the heated pipe and runs into the joint. This process is
continued round the circumference of the joint
until it is completely sealed. It is obvious
that such a joint will bear very little strain,
and it is only found in plumbing work of the
worst description.

If iron is the material used for soil-pipes,
the joints must be caulked with lead, and
to allow of this, as already stated, the pipe
must be stronger than the ordinary rain-pipe.
The upper pipe is first adjusted into the socket
of the lower, and then, in order to prevent the
molten lead from running into the pipe, a few
rings of spun yarn are well rammed down into Fig. 72
the socket ; the lead is now run in, and after-
wards it is thoroughly caulked (see Fig. 72). The depth of lead
forming the joint should not be less than 2 inches.

It is by no means an uncommon practice, indeed, it may be
said to be the usual practice, to make the joints of iron soil-
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pipes of putty or cement, but this ought never to be done.
There are other good forms of joints, for example the block and
astragal, each adapted for special circumstances—the former
when the soil-pipe is let into a chasing in the wall, and the
latter when the appearance of the wiped-joint is objected to ;
space, however, will not allow of a further detailed description ;
those that have been described are what are usually met with.

It is important that the soil-pipe should be fixed firmly on to the
wall, and this is accomplished by means of *‘tacks,” which are
square plates of thick lead, measuring about 9 or 10 inches,
soldered on to the back of the soil-pipe, and fixed to the walls by
screws, to receive which wooden plugs have been let in. For

a 4-inch soil-pipe, it is necessary to have three tacks
N for every 10 feet, although plumbers usually make

/] two answer the purpose.

Lead pipes may be bent out of shape and dented
in transit, and before being fixed they must be
straightened. This is done by driving a “man-
dril” through the pipe. This is a round piece of
wood about 2 feet in length, and of the same diameter
\\ as the interior of the pipe. While this mandril is

being driven along by an assistant, the operator is
engaged in hammering out the surface irregularities
by means of a “dresser,” which is a wooden implement
of the shape represented in the sketch (Fig. 73).
Bends.—A good workman can bend a drawn-lead
Fig.73. Pipe, whatever its size may be, into any angle that
may be necessary. To do so, however, requires skill,
so as not to weaken the pipe, or alter its circular form.
Having straightened the pipe, and removed all dents, in
the manner already described, it must be heated at the
point where the bend is desired to be made. This may be
done in various ways, but the most usual is by applying
molten lead to the exterior, having first coated it with the
paint that is used in making wiped-joints, to prevent the molten
lead from adhering firmly to the pipe. The next process is to
forcibly bend the pipe to a limited extent, and as in doing so
it becomes partly flattened at the bend, its circular shape has
to be restored. This is done as follows:—While an assistant
hammers the interior of the bend, by means of a “dummy,”
which is an elliptical, flattened block of lead on a basis of iron,
fixed at a slight angle to the end of a stick, with a handle at the
other end (Fig 74), the operator hammers the outside of the
pipe on either side, the blows being directed towards the
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heel (that is the larger curve of the pipe) with a dresser. This
is continued until the circular form of the pipe is completely
restored. The whole process is again repeated, until the neces-
sary amount of bending has been accomplished.

It is obvious that in bending a pipe there is a tendency to
diminish its thickness at the heel, but the process of dressing,
if the bending is not

carried too far at one
time, will counteract @:: @
this tendency.

Bends to suit vari- Fig. T4.
ous angles may be
purchased, but their use necessitates extra joints, and for that
reason it is far better to mould the pipe itself to the requisite
angle, in the manner described.

In the case of pipes which are too small to admit of & dummy
being introduced, the circular shape of the bend may be restored
by using a series of “bobbins,” which are oval-shaped
blocks of wood with somewhat flattened ends (Fig. @

75). A small-sized one is first introduced, followed ;
by larger ones, and they are driven through the bend |
until its circular shape is restored. '

The soll-?lpe connection is one of the most  Fig. 75.
important of the water-closet fittings, especially
since the introduction of the wash-down earthenware closets,
between which and the lead soil-pipe it is difficult to make
perfectly tight junction.

1n the case of a wash-down closet fixed on the ground floor, it
is a comparatively easy matter, as there is no necessity for a
lead connection ; the closet pipe may be connected with the
drain itself. In such a case it is better that the joint should be
above the floor, so that it may readily be seen, and in order that
this may be managed, the downward curve of the S must stop
short at the floor, so as to allow the socket of the drain-pipe to
be brought up to it (Fig. 76). Such a joint ought to be made
with good Portland cement, and in order that this may be done,
the end of the outlet-pipe from the closet (the spigot) is left free
from glaze for about 2 or 3 inches. If it is intended to fix a
closet of this description on an upper floor, it is better to select
one, the outlet-pipe from which, in place of passing downwards
to the floor, is directed backwards, as is represented by the
dotted lines on Fig. 57, p. 100. In some cases the outgo is
flanged, and the joint is made by screwing it tightly against a
similar flange, which is formed by tafting back the abutting end
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of the lead connection, an india-rubber ring being interposed, as
is represented in section by the drawing (Fig. 77).

The drawing (Fig. 78) represents one of Dent & Hellyer's
pedestal “ Hygienic" closets, with a flanged outgo, as shown in
the large section.
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Fiz. 76. Fig. 77.

This, however, is not a good joint, as india-rubber is perishable,
and it is by no means easy to hammer out a flange on the lead
connection which will perfectly adjust itself to the flange of the
closet, and it is obvious that unless the adjustment is perfect,
and the surface of the lead flange is smooth and uniform, tight-

Fig 78.

ness of the joint, which is entirely dependent upon the rubber
washer, will not be attained.

Another joint may be made, which is better than that which
has just been described, provided.a lead-pipe outgo is bolted
on to the closet, for then the junction being between lead and
lead, a thoroughly good wiped soldered joint can be made.
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The drawing (Fig. 79) represents such an arrangement fixed
to the “Vortex” closet of Dent & Hellyer. It will be noticed
that the lead outgo is connected to the earthenware trap below
the level of the water, so that if any fault should occur, it will
immediately be noticed, owing to leakage occurring.

An excellent joint, the metallo-keramic, has recently been
brought out by Doulton, in which a portion of lead pipe is
soldered on to the outgo of the closet by a special process, and
thus the soil-pipe and anti-syphonage connections can be made
by means of plumber’s wiped joints. This patent joint adds
to the cost of the closet, but it is well worth paying for.
Other makers, Twyford for example, make a joint somewhat
similar to the metallo-keramic, which also allows of a wiped
joint connection being made. Possibly it may not be so neat
in appearance as Doulton’s joint, but still, it is to be preferred
to any adjustable joint in which washers are necessary.

In fixing a valve closet, the opening into the trap, the
fixing of which will presently be described, is smeared round
with red lead, and the outgo pipe from the valve-box is intro-
duced into it.

As already pointed out (p. 94), there is always a risk of traps
of the S pattern becoming unsealed by syphonage, and to
avoid this it is essential to fix an air-pipe close to the top of the
outlet of the trap. All stoneware closets of the wash-down kind
have now an opening provided for this purpose, and it is not
unusual for ignorant workmen to suppose that this is intended
for a soil-pipe ventilator, although it is only 2 inches in diameter.
If one closet only is connected with the soil-pipe, it answers the
purpose perfectly to carry this air-pipe from the top bend of the
syphon upwards through the wall, and connect it with the soil-
pipe ventilator, but if two or more closets are connected, a
special ventilating-pipe must be carried up to above the highest
closet, where it may then unite with the soil-pipe ventilator,
having, on the way, received the various air-pipes from each
closet trap. Lead is the best material for this, as for other air-
pipes, and all the joints ought to be wiped. Here the difficulty
again arises of making a tight joint between lead and earthen-
ware, in the case of the wash-down closet, unless it has a lead
outgo, or unless it has a flanged vent-arm, as is shown in Fig. 78.
For this reason it is best to connect the air-pipe to the lead
branch beyond its junction with the closet, and seal up any
opening that may be provided for the purpose in the earthenware
part of the apparatus—that is, with the above exception, when a
rubber-ring joint may be made.



122 PRACTICAL SANITATION,

The valve-box of a valve closet ought also to be ventilated,
but in this case, all that is necessary is to carry it through the
wall direct, where it may be cut short. 'The chief object of this
ventilating pipe is to prevent syphonage of the trap connected
with the pan overflow, which otherwise may occur, particularly
when slop-water is thrown into the closet, and thus a large
quantity of water i3 suddenly discharged.

The junction of the soil-pipe with the drain is not so simple
a matter as many workmen seem to think, and it is often made
in a very faulty manner. The usual practice is to introduce the
plain end of the soil-pipe into the socket of the drain-pipe, the
joint being made with cement in the ordinary way; this, however,
18 not sufficient.

The accompanying drawing (Fig. 80) shows a good method of
making this joint. It will be noticed that the soil-pipe is

rolonged for a little distance into the drain-pipe, and it has a
Eaad flange attached to it which rests on the floor of the socket,
the joint being made with cement. The drain-pipe which
receives the soil-pipe should rest on a solid foundation of
concrete.

The service-pipe to the closet, which, as already pointed
out, must on no account be connected direct with a cistern
that supplies drinking water, or with a general service-pipe,
ought to be of sufficient size to insure a good flush. The
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diameter must never be less than 1} inches, and this is too
small unless the flush-tank with which it is connected is fixed
more than 5 feet above the rim of the closet. Any elevation
under this requires a service-pipe of at least 1§ inches to insure
a good flush. The usual method of connecting the servioe-pipe
with the closet-basin is by means of putty or red lead, but
rubber caps are now made which answer the purpose well, and
they last for a long time.

In the case of a valve closet which is provided with an gver-
flow ssee p- 97), frequently trouble arises owing to its being
wrongly constructed.

All overflow-pipes, wherever they may come from, must be
carefully followed up in investigating into the sanitary con-
dition of a house, as it frequently happens that work, which
would otherwise pass muster, has to be condemned because of
faulty overflows. One method of dealing with the closet over-
flow is to connect it with the valve-box, as shown in Fig. 51, a
syphon-trap being interposed in all cases. Another method is
to carry it into the ventilator of the valve-box (see Fig. 82).

In case any leakage should occur, it is necessary to fix a safe
under valve closets, and here again the overflow from the safe is

often a source of danger,
3 owing to errors in fixing.
The safe itself should be
made of lead (4 or 5 Ib. to
the superficial foot), the
; sides being hfoel'(;necl by

ig. 81. turning up the edges to a
Fig. 81 depth %f about 4 inches,
and soldering each angle. If the closet-trap is below the
floor, which is generally the case, the edge of the opening
in the floor of the safe, through which the outgo-pipe passes
from the valve-box, ought to be carefully soldered to the trap
in the manner represented in the sketch (Fig. 81). A bevelled
opening is made in the floor, as shown in the drawing, the
circular hole in the bottom of the safe tray being cut smaller to
allow of the lead being tafted into the opening in the floor. The
inlet to the trap is then tafted into a bead, 8o as to rest
a little way down the opening, the space above, between the
bead and the lead of the safe tray, being filled in with solder.
In order that this safe may serve the purpose for which it is
intended, it is necessary that its overflow pipe should be large
enough to carry off all possible overflow water, should any
accident happen to the closet. The - or even l-inch pipe
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that is usually fixed is useless
for this purpose, the proper size
is 1§ or 2 inches. Plumbers
are apt to think that if a trap
is fixed on this overflow-pipe it
may be taken anywhere with
safety, but this is a gross mis-
take, for, as it will only be in
use when the closet is out of
order, the trap will invariably
be dry, and, therefore, not a
trap. It used to be a common
practice to connect this over-
flow to the old D-trap, but,
from the account given of that
appliance, it is needless to say
that this was a wrong proceed-
ing. It is equally wrong, of
course, to connect this over-
flow with the soil-pipe, as is
often done. The proper out-
let is into the open air, direct
through the wall, where it
shouid be cut short, and in
order to prevent wind blowing
through the pipe or birds build-
ing in it, a copper hinged flap
ought to be fixed on the dis-
charge end. .

The accompanying sketch (Fig.
82) shows the proper method
of connecting two or more
closets with a common soil-
pipe. In this case two closets
g&re shown, the upper one a
valve closet, and the lower one
a wash-down closet with P-
trap.

Fig. %2,
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8o much for water-closet connections ; we will consider later
the more usual faults met with, some of which have already been
alluded to.

SINE CONNECTIONS.

Sinks may be lined with lead or tinned copper, or they may
be constructed of pottery ware. The last are the most cleanly,
but they are very destructive of glass, which is very likely to
chip against the hard surface unless greater care is observed
than servants usually exercise. Copper has a more cleanly
appearance than lead, and it i8 more durable. It is a mistake
to economise in the thickness of the metal used, as so little is
required that the difference in cost between 8 lb. and 6 Ib. lead,
for example, is not worth any consideration, and is more than
balanced by the saving in repairs.

It is a common mistake to suppose that the waste—pi‘fes from
sinks need not be trapped inside the house provided they
are cut off over a gully-trap outside. All such pipes should
have a syphon-trap fixed immediately under the grid, with a
screw cap at the lower end for cleaning purposes (see p. Y2).
They should be fixed at one corner of the sink, at the back, and
the bottom of the sink should have a slight slope in that direo-
tion, 8o a8 to insure that all water may drain away. The waste-
pipe at the junction of the sink ought to expand, that is, it
ought to be funnel-shaped, with a diameter at least an inch
larger than the rest of the pipe, so as to allow of a grating being
fixed without diminishing the possible discharge. This grating
should be sunk in a cup below the bottom of the sink, which is
fitted with a plug attached to a chain. This plug is useful for
flushing purposes, as the sink may thus be periodically filled
with water, which is allowed to discharge with full force through
the waste-pipe. An overflow-pipe large enough to carry off the
amount of water that may be delivered from the service-pipe,
should it accidentally be left running while the waste may be
closed, ought also to be fixed near the top, and either carried
through the wall or connected with the syphon-trap below.

For sinks on the ground floor, the waste-pipe and syphon-trap
may be 1} inch throughout, but in the case of draw-off sinks on
upper floors, it is advisable to use a 1}-inch ‘“anti-D-trap ” for a
13-inch waste, as a precaution against syphonage, and in such a
case, as an additional security, the waste-pipe may be continued
upwards as a ventilator, with which an air-pipe from the top of
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the syphon must be connected, as described under soil-pipe
ventilation (see p. 121),

SLoP-sINKS.

In most houses the water-closet is used as a slop-sink, and
with ordinary care on the part of servants, there is no reason
why it should not be so used, although it is hardly possible to
insure this. If the seat is hinged, and the servant will take the
trouble to lift it and empty the slop-pail into the pan itself, no
nuisance need arise, especially if the closet-pan is specially
designed for the purpose, as some are, by having a broad margin,
or ‘“table top” as it is termed, the surface of which falls in all
directions towards the basin for splashings to drain into it.

Special slop-sinks, however, are now frequently fixed. They
consist of a basin, either of cast iron enamelled inside with white
porcelain enamel, or, better still, of earthenware, and the connec-
tions in all respects resemble those of a wash-down closet, except
that the waste-pipe need not be larger than from 2 to 2} inches.

On account of the great danger of syphonage from the
momentum of water that is usually discharged in this case, it is
most essential to ventilate waste-pipes, and to connect the top of
the syphon with the ventilator by means of an air-pipe the full
diameter of the pipe itself. To avoid the risk of soap, scouring-
cloths, &c., entering the waste-pipe, it ought to be protected by
cross bars of brass.

All slop-sinks ought to be provided with a water-flush similar
to that of a water-closet, and each time the sink is used it ought
to be flushed, otherwise it is certain to become foul

URINALS,

It is well, as far as possible, to avoid fixing urinals within
houses, but, whether inside or outside, nuisance will arise from
them unless an ample water-flush is provided. It is important
also that all parts of the apparatus with which the urine comes
in contact, should be exposed to the flush, otherwise corrosion
will soon occur.

Perhaps the best system of flush is that which is connected
with a treadle, upon which the person using the urinal stands, so
that the urine enters the waste-pipe well diluted with water.
In addition to this, a flush-tank with automatic discharge ought
to be connected with the basin or surface to be flushed.
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The disgusting nuisance that arises from a badly flushed
- urinal is too well known to require description; it is always

present in the case of slate-back urinals without basins, so
common in railway stations, although great improvements in
these appliances are gradually being effected in the larger
stations. Many excellent contrivances have been designed by
various firms for limiting the nuisance arising from urinals, but
space will not allow of a description of them ; suffice it to say
that, given a good sup{ﬂy of water, and a free hand as regards
expenditure, no difficulty need be experienced in abolishing all
the evils associated with them: at the same time no amount
of freedom with regard to the latter requisite will compensate
for an absence of the former. In other words, without a
plentiful use of water, all appliances are unavailing.

It is unnecessary to say that all urine basins joining a common
waste ought to have separate syphon-traps, properly ventilated,
and that the waste-pipe should not be directly connected with a
drain, but discharge into a gully or other suitable trap. Also,
the walls, and more especially the floors, must be non-porous;
wood floors are quite inadmissible.

BaTHS.

As baths are frequently fixed in dressing-rooms, it is of the
utmost importance that their wastes should be completely dis-
connected from the drains. This is done in the manner recom-
mended in the case of sinks—that is, by a syphon-trap being
fixed to the waste-pipe immediately beyond the discharge valve-
box, the pipe then passing through the wall to join the waste-
pipe, which may be common to other baths or lavatories, and
which must discharge below on to a suitable trap, and be
continued as a ventilator of full bore upwards to above the
roof. The air-pipe, to prevent syphonage, must never be
omitted ; it should be of the same diameter as the junction
waste-pipe, from which it should pass, from a point immediately
beyond the trap to the air-pipe of the main waste, provided
there are no other connections above. The best trap to use is
the ““ anti-D,” * 1} inches, for ordinary houses, the branch pipe
being 14 inches, and the main waste pipe 2 inches.

. The overflow-pipe must be carried through the wall, where
it should be cut short, the usual hinged copper flap being fixed
on the end to prevent the air from blowing up the pipe. Asa
protection against possible accident, a safe may be fixed under

* Hellyer.
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the bath, which must be similarly treated, or rather one may be
made to answer both purposes, by the overflow-pipe from the
bath being carried to the mouth of the waste-pipe from the safe.

LAVATORIES,

Precisely the same precautions must be observed in fixing
lavatories as have been described in the case of baths, and the
same waste-pipe may answer for both, provided it happens to
be conveniently placed. If more than one lavatory basin should
be connected with one waste-pipe, it is necessary that each
should be separately trapped, and each trap ought to be provided
with an air-pipe to prevent syphonage, as is shown in the
sketch (Fig. 83).

|
i
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Fig. 83.

In the event of the waste-pipe being common to other lava-
tories or baths on upper floors, the air-pipe, A, A, ought not to
be connected, as is shown in the sketch, but it should be carried
to above the highest junction, for reasons already explained in
the case of soil-pipes (p. 121).

O1sTERNS.

The materials of which storage cisterns should be made, as well
as the position in which they should be placed, when their pro-
vision i8 necessary by reason of the water-supply being an inter-
mittent one, has already been discussed, and the importance of
not taking the service-pipe to & closet (slop-sink, urinal, &c.),
direct from the storage cistern, has also been pointed out (p. 20).
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It now remains to consider how eistern overflows must be
dealt with. It is essential that all cisterns, large or small,
should be provided with overflow-pipes, otherwise, in the event
of the ball-valve which rtzfu.la.te- the supply of water to them
getting out of order, great damage may be (rone to ceilings, walls,
and floors. Faults of the gravest description are often met with
in connection with cistern overflows. They are often directly
connected in the most reckless manner with soil-pipes, drains,
and foul traps, so that every facility is offered for contamination
of water-supply, and if the plumber in his wisdom interposes a
trap in the oourse of the overflow, he fondly imagines that all is
safe, forgetting that the only occasions on which such trap can
be replenished with water is when the cistern actually does
overflow, an occurrence which never takes place so long as the
fittings are in order. The only safe way of dealing with these
as with all overflows, is to carry the pipe (which ought to be
large enough to carry off the greatest possible intake of water)
straight through the wall, where it should be cut short, a
copper hinged valve being fixed on the end, for reasons already
mentioned. By such an arrangement, the worst that can happen
is the temporary discharge of a stream of water on to the pave-
ment or yard below, and this may at once be stopped by turnin
off the water by means of a tap which ought always to be fix
on the cistern service-pipe, until such time as the fault may be
repaired.

It may here be mentioned that, as a precaution against frost,
all water-pipes outside the house should be laid well below the
surface, and, a8 regards pipes within the house, the following
instructions laid down by Mr. Hellyer ought to be observed :—
“No service-pipe should be fixed on the external nor on the
internal face of an external wall, especially a wall facing the
north or east, without being cased-in and thoroughly protected.
When possible, service-pipes should be fixed on the cross-walls
inside the house, and never on the main walls, for the cold
penetrates through the external walls, and reaching any pipe
fixed on its face, though inside the house, freezes the water in
it. If a pipe must come down on the internal face of a main
wall, then an inch board should be put between the pipe and the
wall, and the pipe cased-up, and the casing filled with cocoa-nut
fibre. All service-pipes in roofs should be boxed-in, and the
boxes filled with this fibre. . . . Where the service-pipe
could not be boxed or cased-in, and where the cold air could
reach it—as e.g., under water-closet seats, where the pipe has to
leave the casing to reach the supply-valve of the water-closet—

9
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the pipe should be bound round with two or three thicknesses
of gaskin, and then be ocovered over with canvas, to protect it
from frost ; the cold air coming in through the overflow-pipe of
the safe,'and blowing upon an unprotected pipe, would soon
freeze it.

ExaupLEs or INsANITARY PLUNBING.

Volumes might be written concerning defective plumbing
work, it is only possible here to call attention to those defects
most commonly met with. From what has already been said,
the reader will have gathered in what direction he has to look
for them, but, as a preliminary to such an enquiry, it is well to
point out that, in investigating into the condition of the drainage
of any house or premises, nothing must be taken for granted,
the enquirer must satisfy himself regarding each detail by per-
sonal observation. However likely it may appear that things
are as they seem, or as they are reported to be, it is possible
that they are not, and much money may be wasted, and extra
expenditure incurred, by a too hasty conclusion being formed on
evidence that is only presumptive. Owners of property often
complain, and justly so, that notwithstanding extensive altera-
tions carried out, it may be, on the advice of an expert, former
nuisances continue as bad, or even worse than before. Too often
this is to be attributed to ignorance on the part of the adviser,
but it also frequently results from a careless investigation in
the first instance. It is a golden maxim, therefore, in all
such enquiries, to avoid forming conclusions except upon fully-
ascertained facts.

The following authentic history well illustrates the import-
ance of what has just been statedy. In a modern house, under
which the main drain passed to join the sewer, constant foul
smells were experienced, and a considerable area of the wall, at
the point of exit of the drain, was found to be damp. On the
drain being exposed, it was found that leakage had occurred at
various points in its course under the basement-floor, and a
deposit had taken place which almost completely obstructed the
passage of sewage. The remedy which was adopted consisted in
relaying the pipes in concrete, with cement joints, a ventilator
being fixed at both ends. Fora time all appeared right, but it
was noticed that the damp condition of the wall, in place of im-
proving, became worse, and, as no other cause could be discovered,
the ground was re-opened at the point where the drain passed
out, when, what ought to have been found out at first was dis-



PLUMBER'S WORK. 131

covered, namely, that the pipes were not continuous through the
wall, but stopped short on either side, the intervening portion
being formed by the hole which had been driven through the
brickwork. At the first inspection this disgraceful piece of
work was overlooked, as the pipes where they joined the wall on
both sides had been carefully cemented all round.  Possibly in
this case it would have been better, in place of relaying the
earthenware pipes, to have substituted iron pipes with caulked
lead joints, but what was done would have answered the purpose
had the want of continuity of the pipes been discovered by a
more thorough examination in the first instance.

The following are a few examples of bad workmanship met
with in the author’s experience : —

In a large country house, which had been what was termed
“ thoroughly overhauled ” about nine years previously (although
the only trace of new work that could be found was the dis-
connection of the various sinks and rain-pipes over gully-traps),
the following, among many other defects, were found :—

In the first place, all the drainage of the establishment, in-
cluding stables, pig-styes, &c., discharged into a large cesspool,
capable of holding about 10,000 gallons, situated in the stable-
yard, within 20 feet of the house; adjoining this was a large
soft-water tank, the overflow from which discharged direct into
the overflow drain from the cesspool. At various points in the
course of the drains, which were 9 inches in diameter, miniature
cesspools, in the shape of dipstone traps, were constructed, and
in the midst of these, within 30 feet of the large cesspool, the
well which supplied the drinking water of the household was
situated. The pipes leading to the cesspool were jointed with
cement, but the drain which carried the efluent on to an
adjoining field, was constructed of ordinary agricultural drain-
pipes, without joints. As the well (which was very deep) and
the cesspool were built of pervious brickwork, and as the
subsoil was gravel, it is needless to say that, on analysis, the
water proved to be little other than dilute sewage, although,
under favourable circumstances, the quality would have been
good. So much for the external arrangements. Within the
house, every conceivable description of bad plumbing was to be
found. In one wing, where the water-closets were fixed, one
above the other, the service-pipes were carried direct from a
large cistern under the roof, which was filled by a force-pump
from the well, and from which the drinking water also was
drawn. The overflow-pipe, B, from this cistern was connected
with the soil-pipe, which was of seamed lead, 5 inches in diameter.
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The soil-pipe was placed within the house; it was unventilated,
and it leaked at various points
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to put everything in thorough sanitary repair. It illustrates, in
a manner which would be amusing were the consequences not
80 serious, the crude notions that prevail among ignorant work-
men.
In this case, a modern valve closet had, very properly, been
substituted for an old pan closet, and a syphon-trap, with a
, Drinking- i ly. Pproper air-inlet, was
- in%oll)oeet Tinaogy " CWOMIFRY” §od in the drain
, Overflow from cistern joining before its junction
1] ventilator (?) to soil-pipe. with the sewer ; the
T ‘ other  connections,
H however, were left in
their original state,
with the exception
that an air-pipe 1§-
?’ inch in diameter was
== carried from the topolf
the soil-pipe, throu
the walll: ﬁainst tie
A face of which it ter-
B minated about 8 feet
C, Overflow nar- above. This air-pipe
rowed by smaller g jtg junction with
P“B introduced. 416 soil-pipe was cur-
, 01d D-trap. € pipe

c E, Ventilating tailed to 1} inches by
pipe passing out a short piece of pipe,
E m‘g downward gpd before its exit it
I n. received the overflow
1 from the large ser-
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I
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vice-cistern above. Of
oourse, the effect of
—— such an arrangement

Fig. 8. for ventilation would
be practically nsl, and, as a matter of fact, it was absolutely so, for,
in passing through the wall, the pipe took a downward in place of
an upward course, thus forming a bend, which at the time of in-
spection was full of water discharged from the cistern overflow.
Had it been the intention of the plumber to trap the air-pipe, to
prevent the possibility of air passing along it, he could not have
succeeded better, as there was no doubt about the water being
permanently there, because the cistern was filled by means of a
force-pump from the well, and must, therefore, have constantly
reached the level of the overflow-pipe. The cistern overflow-
pipe was 1§ inches in diameter, but it also, before joining the soil-
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pipe ventilator, was curtailed to 1} inches, and in its course within
the wall an old D-trap was fixed.

This by no means exhausts all the faults found in connection
with ‘this water-closet, for, on exposing the drain between the
house and the syphon-trap referred to above, it was found to con-
sist of odd pipes, 4 inches and 6 inches in diameter, united indis-
criminately along its course, some of them even without sockets,
and those that having clay-joints, the result being that,
notwithstanding a good fall, the drain was more than half full of
deposit. One would have thought that, before fixing the inter-
cepting trap a fow years previously, the condition of the drain
would have been ascertained; but experience teaches us not to

L
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Fig. 86.

marvel that no such investigation was made, and the probabilit;

is that had it taken place, little good would have resulted.
Gross mistakes are often made in the drainage of houses by
persons who possess only a superficial knowledge of the subject,
and who, without understanding the principles, endeavour to
improve upon the established practice as laid down by able
sanitary engineers. The above sketch (Fig. 86) is descriptive
of what was met with in a house recently built, according to the
plans, and under the superintendence, of an architect. As is
usual in such cases, it was supposed by the owner of the house
that, being a modern building, all the sanitary arrangements
must necessarily be perfect, and on the accurrence of diphtheria
in the house, the suggestion that the drainage might be at fault
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was ridiculed by him. The following amung other faults were
found :—Immediately under one of the windows the closet-
pipe, B, together with an untrapped lavatory waste, A, dis-
charged into the open end of a 4-inch iron pipe, U, connected with
the drain below ; about 10 or 15 feet off was a syphon-trap, and
the drain, for a distance of 2 or 3 feet on the house side of the
trap, was freely open to the surface, except for a perforated iron
ting.
nghege was not much fault to be found with the construction
of the drain, the trap was properly placed, and it was right that
the air-inlet should be where it was, although its continuation
along the drain was unnecessary. On lifting the grating, how-
ever, a solid filthy deposit was found, extending along the
bottom of the channel as far as could be seen. Also, on inspect-
ing the soil-pipe at its open top, it was found to be thickly coated
with a solid mass of frecal matter, the stench from which was
most offensive. Here the fatal mistake was made of overdoing
the disconnection of the waste-pipes, and thus, to a large extent,
losing the benefit of the flush, and exposing a needlessly foul
soil-pipe and drain at a point immediately under the windows.
In addition to this, and what was far worse, the untrapped
lavatory waste-pipe conducted the foul effluvia issuing from
the top of the soil-pipe direct into the house. The deposit in the
drain no doubt was caused as follows :—Each time the water-
closet was used, a certain portion of feecal matter was splashed
against the expanded top of the open soil-pipe, C, where it
adhered, and formed a rough surface, on which further deposit
formed with each use of the closet, until in time projecting
portions were detached and carried down to the drain by a flush,
which, by reason of its being interrupted, was not sufficient to
carry the solid matter onwards. In this way things went from
bad to worse, until the drain practically became an elongated
cesspool, ventilated into the house through the lavatory waste-

pipe.

Drain-Ventilators.—As already pointed out, it is very
desirable that all dumb ends of drains should be ventilated. The
following sketch (Fig. 87) illustrates the importance of using
lead in place of iron pipes for the purpose, owing to the tendency
to corrosion in the case of the latter metal.

In the house in question, the architect had been most lavish
in the provision of ventilating-pipes, but, although they presented
an imposing appearance, and apparently provided for a very free
circulation of air in the drains, when they came to be inspected,
it was found that, with one exception, namely, that which was
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connected with the soil-pipe, they might all have been solid
wooden dummies, so far as ventilation was concerned. The
reason of this is apparent from the sketch; a solid deposit of
iron rust, which had formed within

the pipe, had gradually scaled off, and

falling down, collected at the angle of

the pipe, where it emerged from the

ground, and formed a compact mass

several inches in depth. The reason =]
why the same had not happened in
the case of the soil-pipe ventilator,
was that the water-flush carried the
rust off as it collected; from this,
however, it must not be supposed
that iron soil-pipes are desirable (see
p- 114).

It is a common though a bad prao-
tice to make use of existing rain-
water pipes as soil-pipe and drain
ventilators, thereby liberating drain-
air immediately under attic windows,
and probably from pervious joints in
the pipe as it passes the lower room
windows. In addition to this, during
rain, when upward ventilation is
most needed, the down-flow of water
converts these pipes into down-cast
ventilators.

8pace will not allow of other examples of bad work being
given, although in recent as in old work they are innumerable ;
probably enough has been said in this and the preceding chapters
to indicate the faults that are commonly met with.*

InspEcTION OF HoUSE DRAINAGE.

Inspections into the drainage arrangements of houses ought
invariably to be conducted systematically, according to a fixed
plan. It is convenient to start in the cellar and work upwards,
completing each floor in its turn until the roof is reached, and
while keeping in view the conditions that are likely to be met

* For many interesting examples of bad work see Defects in Plumbi

and Drainage Work, by Francis Vacher. Dangers to Health, .
Pridgin Teale. Disease aynd Defective House Sanitation- by W. H. Cogel
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with, they must not be allowed to bias one’s mind, for thus fatal
mistakes, which might easily be avoided, are often made ; in fact,
where proof is possible, take nothing for granted, and believe no
one. It sometimes happens that a plan of the drainage exists,
but, while this may assist one very much, it does not follow that
it is accurate, so that it also has to be verified.

In the cellar any offensive smell must be noticed, and a care-
ful search must be made for any drain connection, all barrels,
boxes, &c., being moved, so that no portion of the floor may
escape notice. If there is such a connection, the kind of trap
(if any) and whether it contains water must be noted. In the
absence of any drain connection, a pit is often provided in the
cellar for the convenience of washing the floor, which, if of
moderate size, is admissible, but usually it is large and contains
foul deposit. A leaking drain under the floor may be suspected
if the bricks are damp in circumscribed patches.

On the basement-floor, or on the ground-floor if there is no
basement, the sink connections will next be inspected. It must
be noted whether the waste-pipe is trapped within the house,
either properly so by a syphon, or improperly by the objectionable
bell-trap, for example, and also whether it communicates with the
drain direct or by discharging on to an outside gully If the
soil-pipe is within the house, it will probably be found incased in
wood within some wall, or in an angle formed by two walls, if it
is not actually concealed by the plaster; possibly it may be
placed within a pantry or larder. All coverings must be
removed to enable an inspection to be made of the joints, seams,
and substance of the pipe itself; damp brickwork or plaster will
point to the existence of flaws if they are not apparent in
themselves. If there should be a water-closet or lavatory on this
floor, both shounld be thoroughly inspected, but probably neither
will be found, as servants’ closets are usually placed in a detached
building.

On the first floor all water-closets, baths, lavatories, and sinks
must be overhauled in detail. Any casing of wood that may
surround the closet must be removed, so as to expose the soil-
pipe connection, and the safe, if there is one, and the waste-pipe
from the latter must be traced ; in fact, the investigation must
be conducted in view of the requirements of the special class of
closet, as already laid down. The water-flush should be tested,
if it is a wash-out or wash-down closet, by placing several
pieces of paper in the pan, and noticing whether they are carried
clear of the trap, and while this is being done, the operator
should ascertain whether any smell can be detected. The air-
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pipe from the top of the trap must be looked for, and if it be a
valve closet, its overflow must be traced, as well as the air-pipe
from the valve-box. The inspector must be careful to notice
whether the supply-pipe is properly cut off from direct com-
munication with the house cistern, should such exist, as will be
the case if the water-supply is not a constant one, or if the house
is dependent upon a private well for its supply. All pan closets
ought to be condemned, however they are fixed. If the soil-pi
should be within the house, and there are other closets on the
floor above, it must be inspected, as already described. If there
is & bath-room on this floor, attention must be directed to the
waste-pipe, to ascertain whether it is properly trapped under the
bath, and disconnected outside from the drain, or whether it
improperly discharges, either into the soil-pipe, or directly into
the drain. Should there be a safe under the bath, its waste-pipe
must be traced, remembering that it should be carried through
the wall, where it ought to terminate ; the overflow also, which
should be similarly treated, must not be overlooked.

Lavatory wastes are often most carelessly dealt with. Not
infrequently they are untrapped, and discharge into a soil-pipe
or drain; but whether trapped or not, such connections are
highly objectionable, and if met with, must be condemned. It
must be remembered that traps in general are all very well, but
no trap will excuse an otherwise bad connection.

The same remarks apply equally to sinks. In old houses it
will very often be found that the sink is placed on solid brick-
work, through which its waste paases to the drain, which is thus
directly connected with the house, except for the feeble protec-
tion offered by a bell-trap. Under these circumstances, the
brick-work is saturated with filth, and in a great many instances
the bell part of the trap will be found to be absent, thus allowing
of the freest entry of sewer gas into the house.

The enquiry as regards the upper floor of the house must be
conducted on the same lines, all drain connections, whether from
water-(cllosets, baths, sinks, or lavatories, being carefully in-
spected.

l:’The inspector’s attention must be directed to the various cisterns
within the house, either for drinking-water or for rain-water
storage. Their condition with regard to cleanliness; their over-
flows, whether improperly connected with a soil-pipe or drain, or
properly discharging into the open, or, in the case of a rain-water
cistern, on to a gully-trap outside the house, must invariably be
noticed, and, as regards the overflows of cisterns fed by ball-taps,
it must be remembered that traps afford no protection against
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bad connections, as they will not contain water. The possibility
that cisterns may be found under floors must not be overlooked

Having completed the examination inside the house, the out-
side drains or cesspools, closets, or privies, and the provision for
refuse storage, must b inspected.

The true state of the drains cannot be ascertained except by
the tests which are described later, but all traps that are ac-
cessible, and none ought to exist that are not, should be examined
to see that they are structurally in accordance with sanitary
principles, and are kept properly cleansed. The provision for
drain-ventilation in the shape of air-inlets and outlet-shafts, and
the position of the latter with regard to windows, their size, the
soundness of their joints, &c., must be noticed. It may be found
that the rain-pipes are made use of as soil-pipe or drain-venti-
lators, or that they are not properly disconnected over gully-
traps. If underground rain-water tanks exist, their condition as
regards cleanliness should be noticed, and their overflows ought
invariably to be traced.

As regards receptacles for filth, privy-middens, ashpits, and

ls, it should be ascertained whether they are so oon-
structed as to be impervious, and, in the absence of a public
water-supply, their position with regard to the well must be
oonsidered.

Drain Testing.—It is not possible to assert positively that
the drainage of a house is satisfactory from a mere surface
inspection, particularly if the drains and their connections are
within the house. The aim of all sanitary experts is to avoid
laying drains under houses, and to carry each connection by as
direct a route as possible through an external wall, all joints
being placed where they can easily be inspected. Under such
circumstances, it is easy to detect defective work in the case of
new houses, but however thoroughly old houses may have been
overhauled and their defects corrected, one never can tell that
some disused drain may not have been allowed to remain con-
cealed from view, although none the less dangerous on that
account. The only means of ascertaining with certainty whether
all is right, is by a.pglying one or other of the approved tests,
and as this involves but little time or trouble, it is advisable to
make it an invariable practice, however perfectly the work may
seem to have been carried out.

The smoke-test is handy and fairly reliable. It consists in
filling the drains with smoke, so that it may find its way through
any faulty joint or defective trap, and thus demonstrate by its
presence, near to or within the house, the exact site of each of
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the various faults. It must be remembered that where smoke
can penetrate, sewer gas may, and the ocular demonstration of
the danger to which the inmates of the house are exposed, will
often be the means of convincing them of the necessity for
certain alterations, which might otherwise meet with opposition,
on account of the expense or temporary discomfort they involve.
There is nothing like smoke to convince a sceptic that the
suggestions of an expert have a solid foundation in fact, and are
not, what they are too often supposed to be, the outcome of a
theorist's imagination.

In applying the smoke-test, one of the various apparatus that
are made for the purpose must be used, and the best opening
at which to blow in the smoke is the air-inlet to the drain on
the house side of the trap which disconnects it from the sewer
or cesspool, or, failing this, it may be introduced at any con-

Fig. 88,

venient trap, by removing its water-seal. As soon as the smoke
is seen to issue from the various soil-pipe or drain-ventilators,
they must be plugged, as all are then charged with smoke, and
afterwards a little pressure applied by the apparatus, not
sufficient, however, to force the various traps, will send the
smoke through all imperfections, if it has not already found its
way through, which is more than likely.

For small systems of drains, handy little machines are made
which answer the purpose, but it is well to use one of the
larger apparatus, such as Burn & Baillie’s (Fig. 88), in the case
of large premises. This apparatus consists of a double-action
bellows, which communicates with a cylinder in which the
smoke is generated by burning oily cotton-waste, and from
which it is carried by a pipe into the drain. At the end of
this pipe a flange surrounded by an india-rubber ring is fixed,
which acts as a plug when introduced into the drain ; these are
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made of various sizes, to suit different sized pipes. BX means
of an ingenious contrivance connected with the oylinder this
apparatus can determine whether any leakages exist previous
to their exact position being demonstrated by the smoke. This
is managed as follows :—Round the cylinder is an outer casing
containing water and supporting a float, which is raised with a
few strokes of the bellows; provided there is no leakage at any

int, the float will remain in its raised position; on the other
E:nd, it will fall if the slight pressure of air that maintains it is
lost through leakage. There is not much advantage gained by
this, as, if leakage is demonstrated, it is afterwards necessary to
make use of the smoke, in order to establish where the faults
are.

Smoke rockets are sometimes used for testing drains, and
they have often been instrumental in exposing faults, but they
can in no way compare with an apparatus such as has been
described. Having ignited the rocket, it is introduced at the
terminal end of the drain, which, of course, must afterwards be
plugged.

0il of peppermint is also used as a drain-tester, although it
cannot be compared with smoke in efficiency. It may either be
discharged down the soil-pipe (from 1 to 2 ounces, followed by a
few cans of boiling water), or introduced at a trap on the soil-
pipe drain. The same precautions with regard to sealing up all
ventilators is necessary in this case also, and if the trap is the
place selected, it must afterwards be thoroughly covered with
wet cloths to prevent the odour of the peppermint from escaping
at that point. The person who introduces the oil ought not to
be the one to search for the smell of it about the house, as the
slightest particle of it on his hands or clothes will suffice to
distribute its scent wherever he goes, and so blunt his power of
detecting any escape. Also, if the peppermint should be intro-
duced from a water-closet, the operator must remain in the
closet until such time as others can satisfy themselves with
regard to the soundness of the various connections.

Water Test.—The integrity of drains may be thoroughly
tested by filling them full of water, until it reaches the level of
one of the traps, having carefully plugged the outlet into the
sewer or cesspool. If the water remains at the same level for
about an hour, the drain may be pronounced sound; on the
other hand, should it subside, leakage must be taking place,
either from imperfect joints or fractured pipes. In order to
discover which section of the drains is at fault, each must be
tested separately. To apply this test to soil-pipes, even if
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practicable, would not be reasonable; the smoke test in that case
fulfills all requirements, as it at once reveals any leakages arising
from imperfect joints or other faults. All new drains before
they aro covered in should be tested with water as described.

CHAPTER VIL
SEWAGE AND REFUSE DISPOSAL.

THr practice of discharging sewage in its crude state into
streams, although contrary to law, is by no means an uncommon
one, and, at the present moment, the question of sewage disposal
is occupying the attention of sanitary authorities throughout the
country. The Local Government Act of 1888 imposes the duty
on County Councils of enforcing the provisions of the Rivers
Pollution Acts, and this duty is being exercised in some counties
with excellent results, although in others little attention appears
to have been given to the question.

In those counties where active measures have been taken by
the County Councils, authorities who, hitherto, have failed to
realise their responsibility as guardians of streams, are seriously
considering what is to be done. That the question is no easy
one to settle has been demonstrated over and over again by
failures on the part of many authorities in obtaining good results
notwithstanding large outlays of money.

It must be understood at the outset that treatment to be
effective must accomplish more than simple clarification. It is
possible by several methods so to treat sewage as to remove
practically all the solid or suspended matters, leaving a clear
fluid which, in appearance, may differ only slightly from potable
water, but this treatment alone will not render the sewage fit to
be discharged into a stream, for it still contains ¥n solution an
immense amount of organic matler, which, as decomposition
proceeds, will become turbid, and give rise to nuisance from
deposit on the bed of the stream of putrefying solid matter.
The process, to be complete, must go further than this; the
soluble organic matter must undergo a change which so alters
its nature as to convert noxious organic into harmless inorganic
substances. Until lately it was believed that the only really
efficient means of accomplishing this was by submitting the
sewage, after chemical precipitation in tanks, to land treatment,
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but recent experience has shown that equally good results may
be obtained by artificial filtration, and still more lately it has
been demonstrated that in the case of ordinary domestic sewage,
at any rate, the preliminary precipitation process is needless,
and that the solid organic matter may be liquefied and so
prepared for further treatment (either by land or artificial
filters) by much simpler and less expensive methods to be
presently described.

In order to appreciate the importance of certain conditions
indispensable to successful sewage treatment, it is necessary to
understand the operation of the process.

Sewage when brought in contact with suitable land, or pro-
perly constructed artificial filters, is immediately attacked by
living organisms (bncteria) universally present in the upper strata
of the soil and in sewage, and which in time develop in the
interstices of filters ; by these its organic matter is split up into
simple constituents, w{ich, with the assistance of the oxygen
and carbonic acid gas present in the ground air or the air in
the filter, unite with certain mineral bases in the soil and in the
sewage itself, and thus are transformed from organic, unstable
compounds, liable to putrefactive changes, into more fixed
inorganic salts of an innocent nature.

The chief requirements, therefore, essential to success, are
land or artificial filtering media which are permeated throughout
by microscopic life, and of such a consistency as will allow of
the free penetration of air.

Before describing the methods more in detail, let me here
emphasize the fact that a profit must not be looked for from any
system of sewage treatment. If, in the case of land treatment,
the returns cover the working expenses, that is as much as can
reasonably be expected. It must be remembered that the first
consideration is the effectual treatment of the sewage; if this
can be accomplished at a profit, well and good, but no profit will
justify any sacrifice of efficiency in this respect. Failure, in
many instances, arises from too much thought being given to
what is best for the crop, little consideration being paid to
efficient sewage treatment. For this reason, it is important
that sewage farms should be under the direct management of
the Sanitary Authorities, in place of being let to farmers, whose
interests are not, or may not be, in conformity with the prin-
ciples of sewage treatment.

The methods of sewage disposal have now to be considered,
and these have to be viewed in the light of the principles just
laid down, always remembering that, although the details muat
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necessarily vary with circumstances, none are right which do
not comply with established rules.

To give anything approaching a detailed account of the
various recognised plans of sewage treatment would far exceed
the limits of this elementary treatise, the following short de-
scription, however, of the systems most in favour may prove ot
service.

The methods in use, singly or in combination, may be
considered under the headings chemical preecipitation,
subsidence, angrobic liquefaction, artificial flitration,
contact beds, land flitration, and broad irrigation.
The question as to which is to be preferred does not admit
of a simple answer, but can only be determined by carefully
considering the local conditions and the nature of the sewage—
duties which belong to engineers and chemistas.

Precipitation consists in collecting the sewage in tanks,
and allowing it to remain for a time either absolutely at rest
or comparatively quiescent, so that the solid particles may
subside. This process is assisted by the previous addition
of some precipitant, in the shape of lime, alum, salts of
iron, or other substances, either singly or in combination.
The fine particles of lime, and the flocculent particles which
form from the salts of aluminium and iron, by reason of
their density assist in the subsidence, the solid sewage
particles being entangled and carried to the bottom of the
tank in the form of sludge, leaving a comparatively clear
fluid above. The process is purely a mechanical one except
when certain reagents are used in addition, in which case
dissolved organic matter may to some extent be acted upon.
Chemical precipitation is a useful, and, possibly, in some cases
a necessary preliminary to further treatment, but in itself ¢
does not sufficiently purify the sewage to warrant its being dis-
charged into a stream.

By using precipitants, provided they are selected with due
regard to the nature of the sewage, and added in such propor-
tions as varying circumstances indicate, the subsequent treat-
ment, whether by land or artificial filtration, will be simplified ;
in fact, it is probably underestimating the benefit which results
from the precipitation process, when properly applied, to say
that by its means two-thirds of the impurity the sewage contains
may be removed.

Precipitation, however, as a first stage in sewage disposal, is
now in most cases superseded by simpler and less expensive
methods to be presently considered.
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Precipitation tanks, as usually constructed, are large and
shallow, and they are worked either on the continuous flow
or the quieseent systems, the former being the one now
generally adopted. Two or more main tanks are provided,
and these are subdivided by partitions which do not reach
quite to the surface of the tank. The sewage enters in a
shallow stream over a weir extending across the whole width of
the tank, and it passes in like manner over the dividing walls
and into the efiuent pipe over a similar weir at the other
end. By this process the sewage is kept sufficiently quiescent
to allow precipitation to take place, and, periodically, say twice
a week, the tanks are emptied, by means of what are termed
floating arms, to allow of the removal of the sludge which has
been deposited, and when this is going on the duplicate tanks
are made use of. If the fall will allow of it, the tanks are
emptied by gravitation, but when this is not possible the floating
arms discharge into a well from which the effluent is pumped
for further treatment. As regards the sludge, it gravitates to a
central channel with a fall towards a sludge well, from which it
is removed, if possible, also by gravitation, or if not, by means
of a pump, for ultimate disposal by one or other of the methods
to be described presently. It is essential to remove the sludge
and cleanse the tanks at short intervals, so that the tank
capacity may not be curtailed more than need be by deposited
sludge, a condition of things which would greatly impair the
result.

Lately, what is known as the Dortmund tank, which is a
deep tank of special design, has come somewhat into favour in
this country. It cannot be said that it has yet been proved to
be superior to the ordinary tanks, but the chief arguments in
its favour are the lessened cost of construction and the ease with
which the sludge can be removed.

The sketch ?Fig. 89), which represents, in section, a tank of
this description designed by Ives of Derby, will help the reader
to understand its construction. It is circular in shape, about
30 feet deep, and has a cone-shaped bottom. The sewage, after
the addition of precipitants, is carried two-thirds down the tank
in a pipe, A, which terminates in a series of radiating arms, B,
with openings along their under surface through which it is
discharged in such a manner as to cause as little agitation as
possible of the sewage already in the tank, The comparative
quiescence of the sewage in the tank allows the precipitants to
act, and the action is intensified by the incoming sewage having
to pass upwards through the sludge which has already formed

10
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and is settling, and which acts as a mechanical filter, and by the
time it reaches the outflow pipe, O, very satisfactory clarification
has been effected.
By means of a pipe,
D, which reaches to
the bottom of the
tank, the sludge is
raised, and this pro-
cess can go on while
the crude sewage
continues to enter
the tank, indeed, if
sufficient fall is avail-
able, it can be con-
ducted automatically
by the following ar-
rangement :—It will
be noticed that the
sludge-pipe, D, leaves
the tank at a lower
level than the efluent
outgo, consequently,
the pressure exer-
cised by the weight
of sewage above the outgo of the sludge-pipe suffices to raise the
sludge from the bottom of the tank in a continuous stream. If
the fall will not allow of the sludge-pipe being taken off at a
lower level than the effluent outflow pipe, the sludge must be
raised by means of a pump. In any case it is necessary to
provide a pump in order to allow of the emptying of the tank
both of sewage and sludge when occasion requires.

The International Sewage Purification Company have designed
a similar tank, with the exception that the bottom in place of
being cone-shaped, is flat, and close to the bottom there are a
series of revolving rakes which are worked either by hand or by
steam power according to the size of the tank, the object being
to prevent the sludge from clogging. At the same time, those
who have had considerable experience of the working of the
Ives’ tank maintain that no such trouble is experienced.

It is sometimes suggested that these s are capable of
producing an efluent of sufficient purity to be discharged into
& stream, but this is not the case, they simply act as other pre-
cipitation tanks do—namely, as clarifiers of sewage.

By subsidence is meant tank treatment without the use of
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precipitants, the sewage being allowed to remain a shorter period
in the tanks than is necessary in the case of the methods to be
presently described, by which the organic suspended solids are
liquefied by bacterial processes. The clarification effected by
subsidence only is less perfect than when precipitants are used ;
on the other hand, the cost of chemicals is saved.

. Methods of Dealing with the Sludge.—The sludge is
dealt with in a variety of ways. In the case of small towns
conveniently situated in agricultural districts, farmers will
usually undertake to remove it without further treatment,
free of charge, and in some cases they will even pay a small
sum for the privilege. This method of disposal of the sludge
is not usually satisfactory, as it is often allowed to remain on
the spot for a long period while decomposition is going on, until
it may suit the convenience of the farmer to remove it.

In some cases the sludge is pressed into cakes in filter presses,
and sold or given away as manure, or burned and manufactured
into cement. The question of dealing with the sludge is not the
least difficult one in relation to sewage disposal.

Before describing the methods in use for completing the process
of sewage purification, it will be convenient to describe shortly
certain processes which are now generally adopted, and which
in all probability will entirely supersede chemical precipitation,
at any rate in the case of ordinary domestic sewage, and, at
the same time, greatly simplify the sludge difficulty; I refer to
what are known as biologtcal methods of sewage disposal. This
term is really somewhat misleading, as the final stage of all
methods of disposal, whether by land or artificial filtration, is
a biological or, in other words, a bacterial process. The novelty,
then, consists in taking advantage of Nature’s methods in order
to effect the whole purification process and not merely the final
stage of it.

That sewage can be successfully disposed of by chemical pre-
cipitation followed by bacterial filtration of the clarified efluent
is now a matter of comparatively ancient history, but it is only
lately that the fact has been demonstrated that the entire
process can be effected by biological means. We now know
that it is quite practicable to effect the liquefaction of the
organic solids by biological methods, and so get rid to a large
extent of the overwhelming sludge difficulty by presenting
nearly the entire organic constituents of sewage in a soluble
form for the final biological change. We may not yet be in a
position to say which of the biological methods at present recom-
mended is the best, and no doubt this will largely be governed
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by the circumstances in each case (character of the sewage, &c.),
neither can it be said that we have arrived at finality in our
knowledge as to the best means of availing ourselves of Nature's
processes, but that we are on the right lines is perfectly certain.

There are three methods at present in use for the preliminary
treatment of crude sewage by biological processes, the organisms
employed in the case of two being anserobic, and in the third
probably @robic and ansrobic combined ; in other words, in the
first two air is excluded from the tauks, whereas in the last
aération is encouraged.

One well-known angrobic method of preliminary sewage
treatment was introduced by Mr. Scott-Moncrieff, who has
done so much to advance the question of biological sewage
disposal. It differs from the septic tank method next men-
tioned in two respects. First, the ¢‘cultivation tank,” as
it is termed, is uncovered, and, secondly, the sewage is intro-
duced at the bottom and has to pass upward through large
pieces of flint or other hard medium with which the tank is
filled. Tle process is a continuous one, and it has been clearly
demonstrated, by means of a plant, which, for upwards of
five years, has been successfully liquefying the highly concen-
trated sewage of Caterham Barracks, that no clogging whatever
takes place. The tank is specially constructed to encourage
the uniform upward flow of the sewage throughout its whole
area, in order that every portion of the sewage may effect its
passage through the tank in as nearly as possible the same
length of time; in other words, means are adopted to prevent
currents, and so avoid the rapid passage of a portion of the
sewage from the inlet to the outlet and the comparative stagna-
tion of another portion. This is effected by means of a longi-
tudinal channel on the bottom of the tank into which the
sewage is discharged and from which it passes upwards through
a perforated iron cover.

The flints, or whatever material may be used in the tank,
serve a double purpose, first, they entangle the suspended
solids, and, secondly, they provide a surface for the growth of
the organisms which are thus brought into intimate contact '
with the whole body of sewage as it slowly passes upward
through the interspaces.

Another of the ansrobic methods, which is known as the
“septic tank method,” was introduced by Mr. Cameron,
the City Surveyor of Exeter. It consists simp}iy of a covered
tank of a capacity equal to from 16 to 24 hours’ flow of sewage,
and the liquefaction process is brought about by the multipli-
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cation of the organisms already in the sewage. In order thab
the sewage may be disturbed as little as possible the inlet as
well as the outlet are submerged. That very complete lique-
faction of the suspended organic solids does take place in this
tank there can be no question, but whether the method is the
best way of accomplishing this is open to question. The cost
of constructing covered tanks to deal with a large volume of
sewage is undoubtedly a strong argument against the method,
but now that it has been proved, at Manchester, Birmingham,
and elsewhere, that the covering is unnecessary, the system is
being very generally adopted.

It will be seen from the description of the Scott-Moncrieff
and Cameron tanks that neither method necessitates a loss of
fall, an important consideration in many places.

A third method of preparing crude sewage for the final
purification process is by means of large-grain srobie
biological fllters, although in this case also the process of
liquefying, digesting, or peptonising the solid organic matter in
the sewage is no doubt partly an an®robic one. The crude sew-
age, after subsidence of the heavier mineral particles in a detritus
tank (a precaution which is also necessary in the case of the
two methods just described), is passed downwards through a
filter of large particles. The filter is worked intermittently to
allow of aération, and it is while resting, in all probability, that
the liquefaction of the organic solids entangled in the filter
is in most active operation.

Granting that this method is as efficacious as the other two,
a point which will be discussed presently, theoretically it ought
to have the preference as the process, being wrobic, is a more
wholesome one; it must be remembered, however, that it
involves a loss of fall.

Filters such as have just been described are also frequently
worked as gontaef beds, a method of working which is referred
to later on.

So far, we have been considering the preliminary process of
sewage disposal only, except in so far as it was necessary, from
an explanatory point of view, to refer to the final purification
processes, these latter have now to be considered in detail.

Having liquefied the sewage either in large-grain filters or
contact beds, in Scott-Moncrieff’s cultivation tank, or in the
septic tank, there can be no question that our whole efforts
should then be directed to the establishment of as complete
erobic conditions as possible in order to bring about nitrifica-
tion, which is the final change necessary to allow the sewage



1250 PRACTICAL SANITATION.

to be discharged into a stream without the risk of subsequent
putrefactive changes taking place.

Intermittent downward flitration is the term applied to
that form of land treatment in which the efluent drains are laid
at considerable depth, 5 or 6 feet below the surface, and in
which the sewage (after precipitation or other preliminary
treatment) is turned on for a certain number of hours (8 hours),
with intervals (16 hours), during which it is entirely kept off to
admit of free aération of the soil. The clarified sewage is
conveyed in open carriers along the surface, and by a system of
sluices it can be directed on to any part of the area which has
previously been specially levelled and underdrained. The great
object is to bring the sewage at regular intervals in contact with
the soil, irrespective of any vegetation, but, by an arrangement
of ridges and furrows, certain root crops may be cultivated, and
in this way the process of purification may be assisted, while at
the same time a small return is obtained from the sale of the
produce. By such a system, properly attended to, and where the
soil is particularly suitable, it is said that the sewage of from five
hundred to one thousand inhabitants (if previously thoroughly
clarified by precipitation) may be dealt with on 1 acre of land.

Broad land irrigation is very similar to land filtration,
with the difference that greater attention is paid to the cropping
of the land. The area of land used is very much larger, and the
sewage is discharged from surface carriers at such times and in
such quantity as vegetation requires, or will admit of. The
carriers are cut about 30 feet apart, along ridges, with a gentle
slope on each sido to admit of uniform distribution of the
sewage. Constant attention is required to insure that the
sewage is thoroughly distributed and not allowed to discharge
on to a small area, as this would cause waterlogging, and thus
prevent the proper aération of the soil. The land, in this case,
is drained at a depth of from 3 to 4 feet, and the quantity
of land required is said to be 1 acre for each hundred of the
population, provided no previous treatment beyound straining
is in use ; with preliminary treatment, however, by precipitation
or otherwise, the sewage of twice as many people, if not more,
may be dealt with on 1 acre of suitable land. Irrigation with
crude sewage usually ends in failure.

Italian rye-grass is the most suitable crop for sewage-farm
cultivation, as it grows very rapidly and absorbs a large quantity
of moisture. As many as three or four excellent crops may be
cut during the year, and it yields a fair return as a food for
cattle. Root crops and cabbages may also be cultivated, but all
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crops which do not admit of the regular rotation of the sewage
over the whole area at short intervals must be avoided. .

Biological filtration may become a necessary expedient in
cases in which suitable land is not available, or as an adjunct
to land treatment where sufficient land cannot be acquired,
Indeed, so successful have modern artificial filters proved to
be, when intelligently constructed and managed, that many
now prefer them even to good land. Until lately, however,
the Local Government Board have refused to sanction loans
for such schemes without land treatment in addition, and even
now, although the Board have relaxed this rule somewhat, it is
necessary to bring considerable pressure to bear to get a scheme
approved without land treatment.

When artificial filtration was first introduced, the filters were
composed of sand and gravel in combhination with e¢hareoal, or
certain proprietary materials, such as polarite and magnetone,
but, as it has now been proved that excellent results may be
obtained by using simpler and less expensive materials, it is
unnecessary to occupy space in referring to these discarded
substances.

For some years, extensive experiments with simple artificial
filters have been conducted by the State Board of Health of
Massachusetts, and these were followed by similar work in this
country, which has greatly added to our information, and it
may now be said that the system is thoroughly established as a
reliable and conveniently available method of sewage disposal.

It does not seem to matter very much what material is used
for filters and contact beds provided certain essentials are com-
plied with —namely, hardness, non-friability, stability — that
is, freedom from liability to disintegration, either by chemical
or mechanical action, and the absence of dust. Among the
different materials used for the purpose may be mentioned coke
breeze, coal, clinker, broken gravel and shingle, granite, slag
from iron works, broken saggers (a hard-burned clay refuse from
potteries), ashes, and burned ballast. With the exception of the
last two, all the materials mentioned answer the purpose well ;
but, as regards ashes and burned ballast, the former is frequently
found to crumble and cause clogging, while it is difficult to
insure that the latter is sufficiently hardened by the burning
process to prevent its caking and becoming useless.

Coke breeze was first recommended as a satisfactory medium
for filters by Mr. Dibdin, late chemist of the London County
Council, after he had tried it in a one-acre experimental bed at
the London outfall. Since then it has frequently been employed,
and it appears to yield satisfactory results.
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Coal, in the form of fine slack, free from dust, was introduced
as a sewage filtering medium some eight years ago by Mr.
Garfield, at that time engineer in charge of the Wolverhampton
Sewage Disposal Works, and since then it has been thoroughly
testef by the author and several others who are interested in
the subject in the Midland Counties, with excellent results.
For some time the high price of coal has proved prohibitive
to its use in most districts, but if the price should fall to a
reasonable figure engineers need have no hesitation in again
recommending its use as a filtering medium.

As a matter of fact, however, any refuse substance available
in the particular locality may with safety be recommended, so
long as it complies with the essentials set forth above.

With the exception of those composed of coal, which seem to
have an extraordinary power of reducing the organic matter in
solution when first brought into use, filters at first merely act
as mechanical strainers, but in time they acquire the power of
acting chemically on such matter, through the agency of bacteria
which develop in their interstices, success depending upon the
thorough aération of the filters.

Here it will be convenient to refer to two methods now
adopted in charging filters, or bacteria beds, as they may more
appropriately be termed—one in which the sewage is run on to
the surface of the bed, and regulated so as to pass through it in
such volume as shall not lead to water-logging, the operation
being conducted continuously or intermittently, the aim being
uniform and fine distribution; the other in wbich the out-
let is closed and the bed is filled to its utmost capacity, the
sewage being allowed to remain in contact with the particles of
the bed for, say, two hours, after which it is suddenly run off,
and the bed is allowed to stand empty for a similar period for
aération. The author bas tried both methods under identical
conditions, and he has no hesitation in saying that, in his
opinion, far better results are obtained by the first than by the
second, which is known as the contact method.

On the face of it, in view of the fact that thorough aération is
an essential, one would expect to obtain better results from
filtration than from contact, and this has all along been the
author’s experience. No doubt the contact method has its
advantages from a practical point of view, as it is a com-
paratively simple matter to fill and empty a tank at intervals,
whereas it is not easy to provide for the uniform distribution of
the sewage over the surface of a large area of filter. This is
a consideration, however, which must not be allowed to weigh
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against all-important essentials, and the solution of the difficulty
now appears to be within sight, as several good distributors,
both automatic and power-driven, are now available, although
the probability is that further improvements will be effected in
this direction, as many engineers are working at the subject
with that object in view.

As a substitute for septic tank treatment, Dibdin advocates
the use of contact beds formed of slate slabs built one upon
another with interspaces. Into these beds the crude sewage, after
straining and subsidence in detritus tanks, is discharged direct,
and it is claimed, no doubt rightly, that the liquefaction of the
organic suspended solids is affected by mrobic organisms, result-
ing in the production of an inoffensive effluent for final treatment
by land, fine contact beds, or filters as the case may be.

Opinions differ regarding the most effective size of particles
for filters. Some favour large particles of from 13 to 3 inches,
but, in the opinion of the author, the smaller the particles are
compatible with thorough aération the better.

Artificial aération of filters by mechanical means has been
tried, on an experimental scale, in Massachussets, and in this
country by Lowcock, but, so far, it has not been demonstrated
that the results justify the extra cost entailed ; at the same
time, the system is worthy of further trial. If it can be shown
that by such means the working capacity of filters may be con-
siderably increased, its adoption may be justified on economical
grounds.

On comparing the merits of contact and filtration, as applied
to bacteria beds, it must be remembered that double contact—
in other words, the duplication of the process—is essential if an
effluent is to be produced approaching the standard of purity of
that from a single filtration process with efficient and uniform
distribution. Up to the present time, however, no automatic
distributor has been brought out which, having regard to wind
conditions, can be said to fully comply with the requirements
in the case of large filters. The nearest approach to this, in the
author’s opinion, is the Fiddian distributor, shown in plan and
section (Fig. 90). One great advantage in this distributor is
that the sewage, no matter how small the flow, suffices to move
the apparatus without being held back in tanks which auto-
matically discharge at longer or shorter intervals, according to
the varying volume. Also, the Fiddian distributor works with
a much smaller head of sewage than any other automatic dis-
tributor. A glance at the figure will suffice to explain the
principle and mode of action of this apparatus. It consists of
an elongated water wheel, A, of from 9-in. to 18-in. diameter.
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Encircling the wheel is a tubular radial arm, B, connected with
a vertical central pipe, C, through which the sewage is delivered
from the tank. Connected with the radial arm are a series of
short upright rectangular shafts, D, with weir openings on the
sides next the wheel, and the latter is divided transversely into
sections to insure even distribution, the delivery of sewage to
each section being regulated by increasing the width of the
weirs from the centre to the circumference. The distributor
travels round the bed on wheels, running on rails, the motive
power being the sewage, and the rate of travel varies with the
flow. One outer rail only is sufficient for filters of small
diameter, but for large filters one or two extra tracks are neces-
sary, and these are supported on light cast-iron columns. The
author has had an opportunity of testing this distributor in
practical operation, and he considers it compares favourably
with other automatic distributors in every respect.

The nearest approach to absolute uniformity of distribution,
however, can only be insured by employing power-driven dis-
tributors, and of these there are two in the market named after

SIS
Transverse Section.

Fig. 90.

the respective inventors, Scott-Moncrieff and Willcox and Raikes.
The former is applicable to a circular filter, the tank efluent
being delivered on to the filter from a travelling trough with
adjustable weirs to regulate the flow from the centre to the
circumference, while the motive power is an oil engine connected
to the distal end of the trough, and running on a rail laid on the



S8EWAGE AND REFUSE DISPOSAL. 155

retaining wall of the filter. The Willcox and Raikes distributor,
on the other hand, is applicable to a longitudinal filter, the tank
efluent being delivered by syphon action to two travelling
troughs, right and left, from a longitudinal fixed trough extend-
ing from end to end along the middle of the filter. In this case,
the motive power is a fixed electric dynamo, working gearing
connected with an endless cable attached to the distributor,
which is thus propelled longitudinally forwards and backwards
over the filter. While the distributor is travelling in one direc-
tion the efluent is being delivered from one arm only, the other
half of the filter being at rest, but on the return journey the
syphon discharge is reversed automatically and the other arm,
supplying the other half of the filter, is brought into action,
thus allowing the two halves to be worked alternately.

As regards the delivery of sewage or tank effluent to contact
beds, various appliances are available which automatically bring
into action in regular rotation each series of beds. In this case,
uniformity of distribution over the surface of the beds is not
an essential condition, hence the problem is a comparatively
simple one.

Among other questions connected with sewage purification
by means of artificial filters which still have to be settled
is the depth of filter required to produce the desired result.
In the case of large particle filters, depth is, no doubt, of
importance, by reason of the relatively small area for bacterial
growth, as well as the rapidity with which the sewage passes
through. If the filter particles are fine, on the other hand, say
% inch, the depth may be greatly reduced; in fact, it would
appear that to construct such filters of a depth of 5 or 6 feet
(the usual practice hitherto) is extravagant and quite un-
necessary. This was recently demonstrated by the author in
in the case of a finegrain filter (} inch) formed of broken
saggars, & hard burned clay pottery waste, which had been in
constant work for about three years in a town in Staffordshire.
This filter, the depth of which was 4 feet 6 inches and the area
a quarter of an acre, was constructed with the view of determining
whether single filtration after septic tank treatment would
satisfactorily purify the sewage in question given perfect dis-
tribution by a Willcox and Raikes power-driven apparatus which
had been provided.

Having proved conclusively that the work done at a constant
delivery rate of 200 gallons per superficial yard per 24 hours
was excellent, it was then determined to carry the investigation
further in order to ascertain whether a shallower filter would
prove satisfactory. Accordingly the filter was tapped at
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different depths, four rectangular shallow trays with perforated
covers being introduced at 1, 2, 3, and 4} feet from the surface
respectively, a pipe being carried from each tray through the
wall of the filter for the collection of samples. In order that the
upper trays might not interfere with the results from the lower
ones, they were placed obliquely from above downwards so that
each had an uninterrupted section of filter immediately above
it. During the six months occupied by the experiment (making
over three years continuous working of the filter), numerous
samples were collected for analysis, and the results proved to be
most interesting.

Before commenting upon these results, it may be mentioned,
for the information of those who are not familiar with analytical
methods, that the reduction of the free ammonia, albuminoid
ammonia, and oxygen absorbed in the eflluent compared with
the sewage, especially the two last mentioned, affords a very
good index of the efficiency of the work done in converting the
putrescible organic matter into more stable non-putrescible
substances. On the other hand, the amount of nitric nitrogen
in the filter efluent indicates the extent of such conversion, so
that the higher the last-mentioned figure the more active the
purifying power of the filter. Bearing this in mind, and
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-disregarding the other less important figures of analyses, the
accompanying diagram (Fig. 91) shows in graphic form the
percentage purification effected at different depths of the filter.

Shortly, it may be stated that, both as regards the reduction
of the putrescible matter and its conversion into non-putrescible
substances, the changes are practically completed at a depth of
1 foot from the surface of the filter. Viewed in the light of the
present requirements of the Local Government Board as regards
depth of filters and grade of particles, these results are of the
highest importance. The Board’s practice in considering plans
is to pay regard to cubic capacity of filters only, and, so long as
the required capacity per sewage flow is provided, the depth
may be anything from 4 to 9 feet, the surface area being
diminished in proportion as the depth is increased. Granting
that the author’s experience is generally applicable, the Board’s
position of course becomes quite untenable. The probability is
that in time it will generally be recognised, first, that filters
should be constructed of fine particles, and secondly, that the
depth need not exceed 3 feet.*

The following short summary of the salient points in this
necessarily brief account of the biological methods of sewage
disposal may be of assistance to the student. To insure success
the following conditions must be complied with :—

1. The removal, by means of screening and subsidence in small
tanks, of the large suspended matters and inorganic solids, such
as road detritus, &ec.

2. The liquefaction, breaking up, or digestion of the suspended
solid organic matter so as to prepare it for the final conversion
into more stable inorganic compounds ; which may be effected—

(a) By the Cameron “Septic” tank, which need not be covered.

b) By the Scott-Moncrieff ¢ Cultivation” tank.

¢) By Dibdin contact beds formed of slate slabs.

d) By large grain filters, composed of various materials, and
which may be worked as filters or as contact beds.

3. The further conversion of the now liquefied sewage by
means of nitrifying srobic organisms in finer filters composed of
various materials. In this case, also, the beds may be worked
on the “contact” method or as filters.

There are many points in the details of construction and in
the working of biological plants which have yet to be decided.

* For a full account of the early working of this experimental plant,
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