RING AND SANITARY CONSTRUCTION.

ik

INGINI




o i AR S i ok R AL b o

R I T

T e s REITLT -

SECTION 11
ENGINEERING AND SANITARY CONSTRUCTION.

Ty Prosident of the Scction, Captain Douglas Galton, c.n,
delivered the following Address :—

Tho President of the Congress, Dr, Richardson, has explained to
you in his Incid address that the life of man on this globe might
rensonably be expected to oxtend far beyond that to which he now
ordinavily atfains, provided he were removed from all the conditions
unfavowrable to long life which encompass him, Of these con-
ditions some are hereditary, some arise from labits and are
personal to the individual.

Bui there is another largo class of conditions which are the
dircet result of the circumstances to which man is exposed in
consequence of living in communities.

All living Dbeings ave in a continual condition of change, which
yesults in their throwing off from the body matters which poison
carth, air and waler, unless space, time and opportunity are
afforded for the counteraction of these deleterious effects.

Epidemic diseases are observed to ovcur invery different degrees
of intensity at different periods, amongst groups of population
exposed to certain unhealthy conditions. Sometimes they take the
form of pestilences, and immediately afterwards, the conditions
vemaining the same, they subside and all but disappear, again to
renew their ravages at some future period.

A careful examination of their phenomena hasled to the dis-
covery that whilst we have no knowledge of the causcs which made
these cpidemics break out at one time and not at another, there are
cerlain well-defined conditions which influence most materially not
only their actual intensity, but also their frequency.

Plius, intermittent fever was observed to disappear from places
which it formerly ravaged, after drainage of the soil and improved
cultivation.

It was next discovercd that by cleanliness, fresh air, and
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114 ENGINFERING AND SANITARY CONSTRUCTION.

diminished crowding the worst forms of pestilential fever, which
nsed to commit ravages similar to those of the plague, disappearved
entirely from English gaols.

The breathing of foul air contaminated by the breath of other
persons appears to bo the specinl ngent which predisposes peoplo to
consumption and diseases of that class.

Zymotic discases, nnmely, fovers, dinvrhoen, cholera, dysentery,
&e. avo most intensely nctive where there is overerowding, and tho
repeated breathing of air alveady breathed, such air being further
contaminated by moisture and exbalations from the sking and
whero there ave emanations proceeding from nuimal exevetions, or
from decaying vegetable matter, together with moisture, from the
want of drainage from wrinals, cesspits, and manure heaps. More-
over, cholera and dyscntery are intimately connected with the
condition of the water supply; while an cpidemic prevails, the
question whether a given population shall suffer or escapo mny
almost be predicted from a chemical analysis of the drinking water

It is to the physiologist and tho chemist that we must look for
the eauses from which these baneful cfiects nrise, and what avo the
conditions whicl should he altered to prevent or remove them.

The engincer steps in after these causes have been pointed ont,
and it is for him to design the methods of prevention or removal.

Five hundred years ago the population of the whole kingdom was
only cqual to the present population of the metropolis. When the
first recorded census was taken in 1801, the population of England
and Wales was less than 0,000,000; it has now reached nearly
95.000,000. We are crowded together as we never were crowded
before; our pursuits are more sedentary, our habits more luxurious;
liouses inerease in number, land is more valuable, the green ficlds
more remote; our childven are reared among bricks and paving-
stones. It is daily becoming morc and more impossible in the
question of health for any one member of a community {o separnle
his intercst from that of his neighbours. If he places his house
away from others the air which ho breathes may receive contaminn-
tion from the neighbouring district; the dirty water which he
throws away may polinte the stream from which his ncighbours
draw their snpply; and when a population congregates info fowns
the influence of the proceedings of each individual on his neighbour
becomes strongly appavent,

In places where many dwellings are congregaled together, the
requirements for health may be classed as—first, those that are
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commen {o the community, such as the supply of good water, tho
yemoval of foul waler, and the removal of refuse matter; and
secondly, those which immediantely concern the individual house-
holder, such as the condition of his hiouse and the circumstances of
its ocenpation,

But the existenco of somoe danger to health in hiouses in towns or
villages may be a sourco of danger to the houses around. In my
own case, illness was caused by my next-door neighbour having a
defeetive soil-pipe, tho sewer-gas from which passed throngh the
wall,  This was a dunger from which perfeet drainage in my hounso
afforded no protection.

On these aud similar grounds, it is the interest of every person in
n community that overy other member of the community should
live under conditions favourable to health.

Each year as the popnlation increases and s dwellings multiply,
so docs the importance of promoting these conditions increase; and
g0 long ns preventable diseases exist throughout the country, we
must not deludo ourselves with the idea that we have done more
than touch the borders of Sanilary improvement.

There are few subjects in which so many professions of progress
have been made in the last few ycars as in the theoretical knowledgo
of low to provide a healthy dwelling and a healthy town.

Books innumerable have been written unpon the question.
Physiologists have invented every conceivable theory; patentees
have invented every conceivable deseription of apparatus; engi-
ncers, avchiteets, and builders overwhelm you with professions of
their knowledge of Sanitary principles, and millions of money have
heen spent in furthering the schemes they have devised ; and yet, in
spite of all these efforts, there ave very few houses and very few
towns where you would not easily detect some grievous Sanitavy
blunders.

I believe this to he due, in the first place, to the fact that the
majority of men prefer anything to thiuking for themselves. They
like to obtain their knowledge as they do their hats—from a shop,
ready-made.  They will aceept theovies Taid down hy some one clse
rather than laborviously collect the facts and reason earefully upon
them. The result has been that money has sometimes heen ex-
pended upon theorvetical suggestions which have later proved to be
fallacies ; the money has been wasted, and then disconragement has
followed. There is perhaps no hranch of public work in which
onesidedness has done more mischief than in measures for so-called
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improvement of public health. If expenditure had only taken
place on observed facts and experience, wo should ho now standing
in a more advanced position than wo at present occupy.,

In tho sccond place, tho Sanitary education of tho country has
not been bronght into a system.  Peoplo seein to have thought that
Sanitary knowledge could bo picked up anyhow. Important ques-
tions of drainage, of water supply, of ventilation, have in many
instances been committed to persons who had a good cdueation in
general architectural or engineering knowledge, in the nature and
uso of materinls, and other snch matters, but who lad never
reccived any special training in the Sauitary sido of engineering.
Yet the problems which the Sanitary engineer and nrchitect aro
called on to solve require for their solution a knowledge of the
higher branches of physics, chemistry, geology, meteorology, and
kindred sciences, and entail as closo habits of observation ns any
other branch of the engineering profession.

In the thivd place, it has always scemed to me that the system
under which the Governinent advances money for Sanitary works,
whilst of great primd facie advantago in one point of view, yet has
its disadvantageous aspect.

The facility with whicl: Corporations nnd Local Boards have lieen
enabled to Lorrow money at n low rate of interest has no doubt had
the effect of inducing a more immediate expenditure for Sanitary
works than would have taken place without this aid.

But the expenditure has not, in ail cases, been so carefully con-
sidercd beforehand as would probably have been the case if tho
towns had been left to raise the money without Government aid.

The result has been that mueh money has sometimes been spent
where it has been subsequently scen that less money, carefully and
judiciously applied, would have sufliced.

There has also been in the system of loans to towns a tutelago
by the Government, which diminishes responsibility.

Where a loan is applied for, the plan upon which the money is to
be spent is submitted for Government npproval.  The Government
only lends the money after the approval of the proposed scheme of
expenditure by one of their inspectors.

The Local Anthorities of the towns to be drained cannot there-
fore be responsible for the plan selected ; for the Local Authoritics
must alter their plans fo sait the views of the inspector. The
responsibility of the engincer is diminished, beenuse he may Do
compelled to modify his plan in a manner of which he may not
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thoroughly approve; and tho inspector has no responsibility in the
matter, beenuse, after having approved of the general scheme, ho
has no control over the details or the exccution of the work, nor
can he be in any way held responsible if tho result were a failure.

Indeed, nfler the money has been once borrowed, there is no
certainty that it need bo spent in necordanco with tho plans, I
have heard a rumour that, in ono instance at least, a scheme has
been approved, the money his been horrowed, and never spent at all
on the work on nccount of which it was borrowed.

Nor is thero any apparent reason why the Government should
have come forward to press money upon the Corporations,

The plan adopted by tho Government in former times for pro-
moting land drainage would have nnswered equally well in the
caso of sewerage works.

The Government commenced by assisting landowners, with loans
granted on the sceurity of their estates, the money being expended
on n system of drainage approved by the Government inspector.
But when tho system had been initiated, private enterprise was
allowed to take its place, and companies were formed who advanced
the money and employed leading engincers to advise upon its
expenditure ; and the intervention of the Government was no longer
neeessary.

A similiar course of proceeding would have been applicable in
the case of town drainnge. If the Government, instead of becoming
themselves money-lenders on so large a scale, and thus constituting
their inspectors the sole advisers on matiers of drainage, had passed
an Act of Parlinment enabling any town to borrow an amount of
money, bearing a due proportion to the rateable value of the town,
n sound security would have been ereated ; and if large companies
had taken npon themselves the function of lending to towns under
a system similar to that in force for land drainage, viz., of satisfying
themselves, through the advice of a leading engineer, of the probable
efliciency of the plans for which money was advanced, a greater
scope would have been afforded for progress in Sanitary Science.
Indeed, T cannot but think that we should have rcached a higher
level of Sanitary improvement in this country than now prevails, if
the Uovernment had limited itsclf to its more legitimate functions,
viz, first, the enactment of laws requiring Sanitary defects to be
removed ; and sccond, the promotion of measures for diffusing a
sound cducation in Sanifary knowledge ; instead of pursuing the
course of endeavouring to dictate the exact measnres to be followed
n cach case.
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118 EXGINEERING AND SANITARY CONSTRUCTION,

But it may bo asked, What is Sanitary knowledgo? It is fre-
quently assumed that drainage and water-supply avo the principal
subjects which are embraced in the term; hut theso only make up
a small part of the subject.

At the present timo thero does not exist any treatise which brings
to a focus the varions problems of mechanical and physical seience,
upon which Sanitary knowledge is based. The vaviely of theso
problems will be best illustrated by a few instances.

A sanitarian tells us that health depends on pure air and pure
water.  If n site is to bo selected, it requires a consideration of ils
position with respeet to its surroundings. It requires o knowledgo
of the temperature of the air and of tho soil; what are the pre-
vailing winds; what is the amount and incidence of the rainfnll;
and what is the pereolative eapacity of tho soil.

Tho engincer ennmnot interfere with the generd conditions of o
climate, but Le may produce important changes in the immediato
surroundings of a loeality ; he muy modify the condition and tem.-
peratnre of the soil ; he mny control atmospheric damp; ho may
arrange for the rapid removal of rainfall, or he may cuuso the
rainfall to be refained in the soil, to be given out gradually in
springs, instead of passing away in torrents to flood the neighbour-
ing districts.

In the Island of Ascension, the power of relention of waler in
the soil excreised by the planting of {rees was exemplified, That
island formed a convenient point for ships to call ab for oblaining
water on their way home from the East Indics. It was n barren
rock, to which formerly the water lind to be conveyed in ships.
About fifty years ago rees were planted on the island.  These have
thriven, and now the rain which falls, instead of passing away at
once into the atmosphere by evaporation, is retained in a sufficient
quantity to enablo the water to be collecled for the supply of the
ships which eall at the island.

The engineer may modify the incidence of disease. Algerin,
perhaps, offers some of the best illuatrations of the manner in which
engineering operations have remedied the evils of the proximity of
marshes. DBona stands on a hill overlooking the sea; a plain of a
deep rich vegetable soil extends southwards from it, but little raised
sbove the sca level.  The plain reccives not only the rainfall which
falls on its surface, but the water from adjacent mountains, and is
consequently saturated with wet. The population living on and
near this plain suffered intensecly from fever: entire regiments were
destroyed hy death and dizease. It was at last determined to drain
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tho plain.  Tho result of this work was an immediate reduction of
the sick and death-rate.

I'ondoue, in Algerin, is situnted on sloping ground, immediately
above the marshy plain of the Mitidja; mountain ranges rise
immediately behind it. It was first oceupicd in 1844, and in the
gucceeding year half the population was swept away by fevers and
dysentery.  During the first twenty years the mortality was 10 per
cent, Tho surrounding marsh has since been drained and cultivated,
and the mortality now is 20 per 1000.

Similar instances may be quoted from our own possessions in
India,

In the northern Doab districts in the north-west provinces of
India the excessive fever mortality for which these districts were
noted has heen mitigated by extensive drainage works, by means of
which the water which formerly stagnated in the land is now led
away by continuously flowing streams.

Wlen a site has been seleeted, it is neeessary to consider the
question of the subsoil.

The air does not ccase whero the ground begins, but air permeates
the ground and occupies every space not filled Dy solid matter or
by water. Thus, it is the same thing to build on a dry gravelly
soil, where the interstices between the stones are naturally somewhat
large, as to build over n stratum of air. The air moves in and out
of the soil in proportion to baromelric pressure, and with reference
to the wind. If there is much water in the soil, the air earries with
it watery vapours, and is cold, and such a site is called damp.

A site with a high wafer level is, as o rule, more unhealthy than
a site with o low water level ; but a site with a fluctnating water
level is most unhealthy, The Sanitary engineer ean control the
water level in the soil, or construet works to remedy the ovils of a
web site.

There is also a considerable quantity of earbonie acid in the soil.
It vavies at different depths; it has been found to vary greatly even
in localitics in close proximity. Tho processes going on in the soil
in these several places aro therefore probably very different.  Iach
will have its influence on the ground air. One evil arising from a
foul subsoil is very apparent. In cold weather the temperature of
a house is warmer than that of the outer air.  If a house is built on
soil containing deleterious matters, the impuve air will be drawn
into ihe house by the action of the warm air of the house. The
Sanitary constrnctor takes measures to check the passage of air
Dhetween the house and the ground under and around it. The fact

PR TR

ik
i
it
N3
§

e e — T e, oo

T T

ey

Fibh e AT S s,

v W i
oo AT S

A il 2

st T LY T4y T e Y ra e




Dt Ly ———

miom, s 1

s+ A i b e A i P

120 ENGINEERING AND SANITARY CONSTRUCTION.

of this continual freo passago of nir in and out of tho ground makes
it important that not only shonld the ground lived on bo freo from
water, but that it should also bo free from impurities. It would bo
just ns healthy (indeed, probably far healthier) to live over a pigsty
than over a sito in which refuso has been huried, or in which sower
water has penetrated, or over & soil filled with decaying organic
matter; thus, bofore building on any gronnd, its nature should be
carefully examined.

What then can be moro dangerons, what moro wicked, than tho
overydny proceedings, in the metropolis and clsewhere, of those
persons who purchase a building site, who exteact from it tho
healthy clean gravel and sand which it contains, allow the hole to
be filled up with rubbish, and then proceed to huild upon it?

When the site has been sclected, the Sanitary architeet has to
consider how he will distribute buildings over it. The deteriorating
cffect of residence in towns has been frequently noticed.

Tho Registrar-Clencral has shown that a popmlation of 12,802,082
persons living on 8,183,965 ncres in the districts comprising tho
chief towns of England, showed an average death-rate for ten
years of 244 per 1000; whilst a population of 9,819,284 living on
34,135,256 acres in districts comprising small towns and country
parishes showed an averago deathi-rate for a similar period of 194
per 1000,

Tt has been caleulated that of the adult population of Tondon
53 per cent., of that of Birmingham 49 per cent., of that of
Manchester 50 per cent., and of Liverpool 62 per cent., were
immigranis from tho country scttled in the town, and that the
lr'nfajority of the incomers were men and women in the primo of
ife.

Thoe mortality in these four towns averaged 26 per 1000 against
19 per 1000 in the adjacent country districts; the mortality of
persons under the age of 15 being 40'7 per 1000 in theso fowns
against 22 per 1000 in the country districts.

The marriages in the city population were four times ns
numerous as in the agricnltural countics, but the births in the
town population only exceeded those in the agriculural population
by one-sixth,

When we consider the canses of low lealth in towns, it hecomes
apparent that the extraordinary degree of unhealthiness is
unnecessary.,

Tt will be found to result from absence of circulation of air
tbrough and between buildings, and from the refention near or in
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houses, and_ in streets, of much polluting matter. Tho following

fignres illustrato this :—
&1, Annc's, Soho,with 331 jnhabitants per acre, shows a death-rate of 24'16 per 1000.

Eithnmn, o LUt do, do. do. 18'8 do.
The Model Todging-

1ouscs, with. 860 do, do. do. 16 do.

To. do. 1140 do, do, do. 18 do.

Phus some of the model lodging-houses aro as healthy as a country
district.

The superior healthiness of the model lodging-houses is due in o
measure to the carcful provision of Sanitary arrangements, bub
principally to the fact that tho numerous slorics in theso buildings,
whilst affording accommodation for a dense population on a limited
area, aro provided with freo through ventilation, and allow of
ample space all around for the circulation of air, as well as to the
fact that impurities are not allowed to be retained on the open area
around them.

The health of any building is dependent upon free and moving
pure air, outside and insido its walls; anything which interfercs
with this first condition of health is injurious. And it follows that
in towns, whero land is dear and n large number of persons are
crowded on a given aven, betler ventilation and circulation of air
may be obtained by placing dwellings in storics onc above the
other, and leaving spaces between the buildings, than by placing
them in one-storied buildings which would be too close together to
allow of cireulation of air round the building.

The next step in knowledge of Sanitary constraction is to learn
how lo obtain pure air in a building. What is pure air? Where
aro tho impurities which make the air of a town so different from
the fresh air of the country ? The volume of sulphurie acid from
coal thrown up by our fires into London air is enormous. A cubic
yard of London air has been found to contain 19 grains of sul-
phurous acid. The strect dust and mud is full of ammonia from
liorse-dung. The gases from the sewers ponr into the town air,

Qur civilization compels us to live in housces, and to maintain a
temperature different from that out of doors. What are the condi-
tions as to change under which we exist ont of doors ?

Tho movement of the air is stated in the Registrar-General’s
reports to be about 12 miles an hour on an average or rather more
than 17 feet per second. It will rarely be much below 6 feet per second.

Tinagine a framo about tho height and width of & human body,
measuring about 6 feet by 15, or 9 square fect : multiplying this by
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the velocity of movement of the nir at 6 feet & second, it will appear
that in ono sccond 34 enbic feet, in one minute 3240 cubic fecd, in
ono hour 196,100 cubic feet of air would flow over ono person in
the open.

In a room tho conditions ave very difftrent.  In bavracks, in o
temperate elimate, 600 cubie feet is the space allotted by regulation
to cach soldicr; and when in hospitad from 1000 to 2500 cubic
feet to cach patient.

If it were desived to supply in n room a volume of fresh air
comparable with that supplicd out of doors, it would be necessary
to change the air of the room from once to five times in every
minute, but this would be a practical impossibility 5 and, even if it
were possible, would cntail conditions very disagreeable to tho
occupants,

Hence, to maintain the comfort and femperature we desive
indoors, we sacrifice purity of aiv. Therefore, however impure the
outer air is, that of onr houses is less pure; and it may be aceepted
as an axiom that by the best ventilating arrangements we can only
get air of a certain standard of impurity, and that any ventilating
arrangements arc only makeshifts to assist in remedying the evils
to which we are exposed from the necessity of obtaining an atmo-
sphere in our houses different in temperature from that of the
outer air,

On the other hand, why should we not do our best to obtain as
pure air as we can ? It Las been recently shown that the soot and
many deleterious matters from smoke may be casily removed by
passing the smoke throngh spray on iis way to the chinmey.
This wounld remove much imparity from town air; but until such
o system of purifying town air is adopted, we can improve the air
in our houses by removing the suspended matier from the inflowing
air by filtration. Moreover, these suspended matters exist in much
smaller quantities at an altitude; at 100 feet they are greatly
diminished, at 300 feet the air is comparatively pure. In Paris the
air for the Legislative Assembly is drawn down from a height of
180 feet, 50 as to bo taken from a point above many of the impurities
of the town atmosphere. That is a reasonable and sensible arrange-
ment, and might be usefully adopted in public buildings in towns,
In the Houses of Parliament, the so-called fresh air is taken from
courtyards on the street level, from which horse traflic is not
excluded.

The maintenance of the standard of purity, or rather impurity,
in a building, depends on ventilating arrangements.  Ventilation
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chiclly depends on the laws which govern tho movement of air, ils
dilatation Dy heat or contraction hy cold; or, if ventilation is
effeeted by pumps and fans, then upon the laws of the motion of air
in channels, the friction they entail, and similar questions; there-
foro all theso nro matters for eaveful study.

But when we apply the study to practice, other considerations
ocenr.  We aro told by theory that a room containing an air space
of 1000 cubie feet, occupicd by ono individual, would require to be
supplicd with 3000 cubic feet per hour, in order to maintain it in a
proper condition of purity and humidity. But in our temperate
climate, n carcful practical examination of the condition of barrack-
rooms and hospitals, judged of by the test of smell, showed that
arrangements which appear to provide for a volume of air much less
in amount than that obtained by ealeulation will keep the room in &
fuir condition.

These resulls have pointed to about 1200 cubie feet of air
admitted per man per hour in barrack-rooms occupied by persons in
health.

This need not be set down to crrors in caleulation orin theory.

There are many data which cannot be bronghtinto the theoretical
caleulation.  Yor instance, the carbonic acid disappears in a newly
plastered or lime-washed room, and could be recovered from the
lime, therefore n newly cleaned, lime-whited room will present
different conditions from a long-occupied, dirty room. Washing
with quicklime destroys fungi in dirty walls; the samo effect is
produced by sulphurous acid fumigation. Aiv has the same
property, especinlly dvy air; and hence, opening windows, turning
down beds, and all such measures, act directly on tho subsequent
state of the air. Therefore an enormons cffect is produced on all
the clements of the above caleulation if the windows of a room aro
kept open for several hours a day, instead of being closed.

Besides this, the conditions under which the air flows in and out
of a voom are so varied. The walls and ceiling themselves allow of
a considerable passage of air.

The ceiling affords a ready instance of porosity. An old ceiling,
it will be observed, is blackened where the plaster has nothing over
it to check the passage of air, whilst under the joists, where the air
has not passed so freely, it is less black. On breaking the plaster,
it will be found that its blackness has arisen from its having acted
like a filter, and retained the smoky particles, while the air passed
through.
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Tll-fitting doors and windows allow of the passage of a con-
siderable quantity of air. _

In & temperato climate, where the changes of temperaturo of the
outer air aro rapid and considerablo, these means of producing the
outflow from and tho inflow of air into a confined spaco ave in
constant operation, A slecping-room is very warm when ocenpied
at night, a rapid fall of temperature outside occurs, and at once n
considerable movement of air takes placo.

1t may be sunmed up that, whatever the eubie space, the airina
confined spaco occupied by living beings may bo assumed to nttain
a permanent degreo of purity, or mther impurity, theoretically
dependent upon the rate at which emanations ave given out by tho
breathing and other exhalations of tho eccupants, and npon the
rate at which fresh air is ndmitted, and that, thevefore, the samo
supply of air will equally well ventilate any space, hut the lurger
tho cubic space the longer it will bo before the air in it attains ils
permanent condition of impurity. Morcover, the larger the cuhfc
space, the more easily will the supply of fresh air bo brought in
without altering the temperature, and without causing injurious
draughts. Ono of the chief difliculties of ventilntion avises frf)m
the draughts occasioned thereby. Fveryono approves of ventilation
in theory, but practically no one likes to perceive any movement
of air.

These conditions point to the eare which should be exercised in
the form of rooms, the position of windows, doors, fireplaces, and
other matters. We should study how the currents of air move in o
room : what is the effect of the form of room on the cireulation of
these currents of air; for instance, n lofty room with the tops of
windows some distance below the ceiling, and without outlets for
air at the ceiling level, becomes dangerous, unless a constant circu-
Jation of air goes on, beeause the heated air, loaded with impuritics,
ascends, stagnates in the space near the ceiling, cools, and falls
down, and re-mixes with the air in the lower parb of the room, and
thus increases in impurity.

Theso effects are modified by anything which eauses circulation
of the nir. The open fireplace creates eirculation of air in a room,
with closed doors and windows. The air is drawn along the fleor
towards the grate; it is then warmed by the heat whicl pervades
all objects near the fire, and part is carried up the chimney with
the smoke, whilst the remainder, partly in consequence of the
warmth it has acquired from the fire, and partly owing to the

g T

ey

Lias

e

SECTIONAL PRESIDENT'S ADDRESS. 125

impetus created in its movement townrds the fire, flows upwards
fowards thoe ceiling near the chimmey hresst, It passes along tho
ceiling, and, as it cools in its progress fowards the opposito wall,
descends to tho floor, to bo again drawn towards the fireplace.

Thus the open fire, whilst continually removing a certain quantity
of air from tho room, which must be replaced by fresh air, causesan
ellicient civenlation of the air vemaining in the room.

Morcover, a room warmed by an open fire is pleasanter than a
room warnmed by lot-waler pipes.

A warm body radiates heat {o o colder body near to it. The
heat rays from a flame or from incandescent matter pass through
the air without heating it; they warm the solid bodies upon which
they impinge, and these wavm the air.

Where the source of heat in a room consists of hot-water pipes,
or low-pressuro sleam pipes, the air is first warmed, and imparts its
heat to the walls,  Tho air is thus warmer than the walls.  When
a room ig warmed by an open fire, on the other hand, the warming
is cffeeted by tho radiant heat from the fire, which passes through
the air withount sensibly warming it; the radiant heat warms the
walls and furniture, and these impart their heat to the air.  There-
fore tho walls in this case aro warmer than the air. Consequently,
in two roomns, one warmed by an open fire, and the other by hot-
wafer pipes, and with air at the same temperature in both rooms,
the walls in the room heated by hot-water pipes would be some
degrees colder than the air in the room, and therefore colder than
the walls of a room heated by an open fire; and these colder walls
would therefore abstract heat from the occupants by radiation more
rapidly than would bo the case in the room heated by an open fire.
And {o bring the walls in the room heated with hot-water pipes to
the samo temperature as the walls in the rooms heated by the open
fire would require the air of the room to be heated to an amount
beyond that necessary for comfort, and therefore to o greater
amount than is desirable, Moreover, warmed air contains less
oxygen than cooler air, and as sick persons are more sensitive to
such influences than persons in health, these may be the rcasons
why, in hospital wards, tho warming by means of an open fire has
been always preferved to warming by hot air or hot-water pipes.

With complicated buildings, such as theatres, legislative assem-
blies, prisons, &e., tho problems of ventilation are more difficult

and intricate, but all are based on the same principles of the move-
ment of air,
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126 ENGISEERING AND SANITARY CONSTRUCTION,

Another group of gnestions relating to Sanitavy construction are :
What ave the best materials for the house, and the hest distribution
of thoso materials ?  How can the less pure aiv from the gromnd
be prevented from entering the house through the bhasement ?
What is the eiteet of the porosity of matevials on the health of the
sumates of & house?  What is the lnw which regulates the loss of
heat through walls and windows, skylights and voofs?  For
instance, if wo assume that the loss of heat through a wall nine
inches—i.e. ono brick—thick, with a temperature insido the room
two degrees above that outside, wonld be one wnit for a given
area of surfnco of wall, the loss of heat through a wall built of
two half bricks —rf.e. four-and-a-half inches—on each side ofa central
air space, would be two-thirds of the loss of the solid wall.  Simi-
larly the loss of heat through a double window would bo about
three-fifths of that through a single window. The laws which
govern these questions are ns complicated as those which govern
the strength of materials, ov the flow of water, and they form tho
alphabet of Sanitary building.

Whilst, however, I have limited myself to speaking of a theo-
retical knowledge, it is of cssentinl importance that the Sanitary
architect, builder, or engincer shoull have also practical {echnical
knowledge of the subject. o should know what constitutes a
good material and good workmanship.

One instance of the Sanitary importance of the quality of mate-
pials will suflice here.  Dust and impuritics adhere less to glass of
a good quality than to glass of a bad quality, becanse the surface of
the latter becomes rough much more rapidly than the surface of
glass of good quality.

But there is one branch of work connceted with water supply
and drainage in which practical knowledge is especially neeessary,
and which has not Leen so prominently considered as it should be.
I mean the details of the plumber’s work, and the work conneeted
with house drains, However well you may design your house
drains, the whole of your design may be rendered nugatory Dby
apparently trifling mistakes or carvelessness in the details,  Your
trap may be excellent, but the junction with the pipe may bo
faulty. It is casy to conceal a bad joint; it is long hefore the
defects in a Dadly-laid drain will become apparent if the drain is
buried underground. Therefore, it is not only the oflicers of the
army of Sanitary constructors who require knowledge and educa-
tion, but the foremen and the labourers, cach in his own degree.
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I have thus specially called attention to these points of Samitary
constrnetion, hecanso they nre nob in general sufliciently dwelt
upon; and tho popular iden seems often to he that Sanitary
engineering means drainage and water supply alone. I would not
devogate from thoe enormons importance of these matters; but
public attention has heen so largely diveeted to water supply and
dvainngo—especially here at Croydon, where your eminent towns-
man, Mr. Baldwin Latham, has done so much, and there are such
eminent Sanitavians as vice-presidents of this seetion, Mr, Grantham,
My, Bailey Denton, My, Rogers Field, and others—that I shounld
only repeat what has been said, much better than I counld say it,
by many before, if I continued my résumé of what makes up
Sanitary knowledge by saying much upon those branches of the
subject.

I cannot refrain, however, from offering a few remaks upon
these subjects, which at the present time necessarily fill the publie
mind.

We derive our whole water snpply from the rainfall.  If it falls
on an impervious surface, it runs off in rivers above ground ; if it
falls on & pervions surface, it runs off nnderground in rivers whose
dircetion of flow will depend on the geologieal formation. How-
ever el our population may grow, we cannot therefore increase
onr snpply ; but we may store it and ufilize it if we obtain a know-
ledge of where it falls and where it flows to. It is thus the func-
tion of the Sanitary engincer to trace the course of these water
supplies.  But rain does not fall equally over the whole country.
On the contrary, as has heen so well shown by My, Symons, there
is in somo localities in Xngland an enormous surplus, and in other
localities n bare supply, and the incidence of these supplies has no
reference to the spread of population over the country; thus it
requires something heyond local organization to arrange for o
distribution of the supply in accordance with the relative wants of
the country. It is on these grounds essentially the duty of the
Government to take np this question.

The Government have taken into their hands the more theoretical
question as fo when storms may be expected; but they have nob
taken in hand the question which has an enormonsly greater
practical importance, viz., {hat of watching over our water supplies,
althongh it is on the caveful use of these that the licalth of the
whole couniry depends. The first step towards obtaining a clear
understanding of the question is to hring all the information on
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128 ENQINEERING AND SANITARY CONSTRUCTION.

this subjoct to n foens. At tho present time there aro ccrh.\iu
important publio departments, the information collected by which
bears materially on the Sanitary condition of tho conuntry; and yet
these departments arvo seattered abont indiseriminately, as if with
tho intention of proventing the information they alvendy possess,
and conld so casily add to, from being brought to any useful focus.

Tho departments to which 1 alludo ave—

1st. The Ordnance Survey, which is under the Lirst Commis.
sioner of Works, probably of all departments of the Government
the ono least qualificd to administer it usefully. Tho Ordnanco
Survey was originally andortaken on tho one-inch seale for military
purposes. The military map has long heen complele. A survey
was, however, commenced on an enlarged senlo many years ago,
which affords an admirable map for Sanitary purpeses.  But tho
progress is so slow, {hat a largo portion of Ingland remains
unmapped, except on the old one-inch scale.

ond. Tho Geological Survey, which is undor the Privy Council,

and whose progress also is very slow.
3ed. Tho Registrar-General’s Department, which is atlached to

tho Local Government Board.
4th. The Metcorological Office, which is under the Doard of

Trade.

The first step is to bring theso dopartments under onc general
head, so that the information they can severally afford may bo
properly correlated. The Local Government Board would seem to
bo the department under which they would most naturally f(}ll;
and o department should be added for registering the distribution
of rainfall over the British Isles on tho plan initinted by the enter-
prize of Mr. Symons. .

By means of this machinery the information bearing on t.hc
water supplics of the conntry, which is in existence, could be easily
collected and made available, and the Government and Parliament
would then be in a more favourable position for considering the
necessity and, if such necessity exists, tho means, of enabling thoe
districts furnished with a copious water supply to assist tho less
favoured districts.

On the question of sewago, time wonld not allow me to entoer; it
is sufficient to say that this must remain always o problem for the
Sanitary engineer, because no ono system of scwage counld o
adopted universally ; the peenliavitics of different localitics require

different methods of treatment.
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Where land at n reasonable price can bo procured, with favour-
ablo natural gradients, with soil of a suitable quality and in a
suficient quantity, n sewage farm, if properly conductled, is
apparently tho best method of disposing of water-carried sewage.

In the caso of towns, where land is not readily obtained at a
moderato price, somo of the processes, hased upon subsidence, proci-
pitation, or filtration, produce a sufficiently purificd cffluent for
discharge, without injurions result, into watcrcourses and rivers,
provided the volume of water into which it is discharged is of
suflicient magnitude to effect a considerable dilution. Buf, as a
rule, no profit can bo derived at prosent from sewerage utilization.

With dry systems, wheve collection at short intervals is properly
arried out, tho result, as regards health, appears to be satisfactory.

For health’s suke, without consideration of commerecial profit,
sewago and exeretn must ho got rid of at any cost.

My object in this résumé has heen to endeavour to show how
extensive i3 the ficld of knowledge which has to be traversed by
those who undertake the duly of building healthy houses, and of
walching over the arrangements for securing tho health of towns.

The researches of the physiologist and the medical man into the
laws which govern the prevalence of diseases have enabled them by
{he aceumulation of information to lay down the principles upon
which healthy construction should rest; it 18 the duty of the
architect, the builder, the engincer, and the surveyor to apply these
principles; and their correct application is as essential to the
eflicient construction of a dwelling as is the quality or strength of
materinls which are used.

The sequisition of Sanitary knowledge covers a vast area of
ground, and requires special study.

The universities of Oxford, Cambridge, and London, instituted
examinations in public health, but with little success; few candi-
dates came forward, and indeed no candidates offercd themselves
for Oxzford and London at the last examination. The reason is
obvious. It is, in the firsb place, not sufliciently undorstood by the
community that the Sanitary architect, builder, or engineer requires
special knowledge., DBut if it were understood, there is, at the
present time, no place or institution where this knowledge can beo
acquired.

The universities have instituted no chairs of Sanitary instrue-

tion, Tt is not tanght in schools. DBut until some means of
9
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130 ENQINEERING AND BANITARY CONSTRUCTION.

obtaining tho cducation can bo afforded, it is of littlo avail to
establish examinations, or offer to give degrees.

The Sanitary Instituto, whoso raison d'éére is to promoto Sanitary
progress, has from the first recognized the importanco of doveloping
Sanitary cducation, and has now decided to come forwnrd ns ils
champion. With this object tho Sanitary Institulo proposcs to
organizo a courso of lectures to bo dclivered, in tho practical
branches of this question, during tho coming winter, and in this
effort thoy aro about to make for the publie good the Council {rust
that thoy will receivo the support of all thoso interested in Sanitary
progress.

Thero is, however, a further step required in order to produco
throughout the country a due recognition of the importance of
Sanitary knowledgo, and this siep should bo at onco taken. Tho
Medical Officera of Ilealtl, who aro the advisers of the loeal
authorities on questions connected with public health, have obtained
a titlo to their position in tho medical profession by virtuo of certi-
ficates from qualificd Boards of Exnminers. But local surveyors,
whoso duty it is to advise local authoritics on matters of Sanitary
construction, are not required to produce any such certificato of
qualification, In many instances, local surveyors, who should bo
tho guides of tho people in Sanitary matters, do not sufliciently
appreciate the subject on which they should advise. If steady and
continnons progress is to be made in Sanitary construction
thronghout the country, it is essential that the surveyors should
receive n sonnd edncation on this special part of their profession.

The snummary of the conclusions to which T would lead yon in
this address are, therefore—

1. That endcavours should be made to canso tho adoption in
educational establishments of courses of systematic education in
Sanitary Science for those who undertake tho business of Sanitary
constraction.

9. That no person should be appointed to the office of surveyor
of a Liocal Board or Corporation without & certificate, from some
duly qualified educational institution, of proficiency in practical
Sanitary Science.

DoueLas (GALTON, HON. D.C.L., F.R.S,
President of Section.
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Remarks on QCertain Polnts in the Work of the
Engineer which have a Direct Bearing on Public
Health.

T'or some time past, I have been strongly impressed with tho
advantago to be gained from authoritative determination of certain
oinis in Sanitary engincering, which would he accepted as conclusivo
y the (ronnlrf' nt large. 1 have been bronght to this conclusion
from finding that there still prevails a hesitation to adopt what the
majority of oxperienced Sanitary engincers and medical anthorities
consider scttled, and that this hesitation is not confined to local
boavds and local surveyors, but extends to influential persons whose
opinions greatly prejudico the permanent character of works.

It can bo well nnderstood why the present Loeal Government
Board, as the central nuthority, should refrain from imposing positive
rules to override the judgments of independent engineers and local
surveyors, for the experienco gnined since the Public Health Act of
1848 has brought home to all engineers alike the fact that the dicta
then pronounced as fixed have led to conflicting results, and have
deterred people from accepting as final eertain principles and views
which the experience gained since 1848 would long ago have
established.

There aro many points, indeed, upon which it is most desirable for
the nation at largo that this hesitation should cease to exist, and I
will select a few illustrations—very different but equally important
in character—to provo this statement, hoping that a means will he
found of establishing some body in the shapo of a council or com-
mission, composed of tho highest nnthoritics that can be brought
together, who shall conclusively decide them. I will place these few
illustrations before you in the shape of questions, beginning with
one of a fundamental nature, and at the same time stato my own
views, in tho hope of eliciting discussion.

The questions will be as follow :

I. What are the sanitary ohjects which should be comprised in
the duties of a River Conservancy Board ?

11. Should surface-waters be exclnded from sewers ?

IT1. Shounld the public sewers of urban and rural districts be
perfectly ventilated ¥

1V. Should all sewers be made water-tight ?

I. The Rivers Conservancy Bill of last session had for its declared
object (sco scctions 9 and 10) the conservaney of rivers and water-
courses, and the prevention or mitigation of floods, with powers to
enforce tho Rivers Pollution Prevention Act, 1876. DBut although
the Conservancy Boards to be created under the Act were to be bound
to make periodical surveys of the watercourses within their district
(see section 17), the Bill, when it left the House of Lords, contained

no provision for sceuring a supply of wator to the inhabitants of the
g %
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132 ENGINEERING AND SANITARY CONSTRUCTION,
river basins dealt with by the preservation of these watereonrses in
n pure condlition, or by tfw storage of unpolluted surface-waters in
substitution thercof, or by tho raising from the water-beaving strata
beneath, an equal gquantity of the purest water.

The Bill excluded from its opevations the two rivers, Thames and
Lee, which ave at present controlled by scraml'c Conservancy Bonrvds,
and as tho procecdings of theso somewhat important hodies mny
guide futuro boards, T will endeavour to point out how the desiderain
of river pollution and water supply nre at this timo being dealt with
by them.

Since the first Act of 1657 constituted tho Thames Conservancy
Board, the length of river under the jurisdiction of the Board has been
extended (by the Act of 1860) from Staines to Cricklade, whiloe the
breadth of aren which was first confined (hy the Act of 1857) to the
width of the river itsclf, has been gindually increased fo three miley
on each side of the river by the Act of 1867 ; then to five miles hf
the Act of 1870 ; and, lastly, by that of 1878 to ten miles on each
gide of the river, making twenty miles by adding tho two sides
together. Reducing this present hreadth of district to superficinl
aren, it will be found that the control of the Board above the infakes
of the Water Companies extends to a triflo above three-fourths of
the tributary basin, leaving rather less than one-fourth—-comyprising
about half a million acres—over which no conservancy jurisdiction
exists, and from which the conservators have to submit {o the influx
of any polluting matter which may imrercoplihly find its way inlo
the river system. I say imperceptibly, beeause any defilement which
was distinetly apparent would probably be met by independent
nction.

The work of the Thames Conservancy Board has decidedly been
very considerable, and great improvement in the condition of the
river las resulted from its supervision, but so long as there exists
beyond control within the watershed snch a wide margin as 800
square miles, you will agree with me that the duty expected of a
Conservancy Joard cannot be perfectly performed, and that {his is
the right conclusion is to be inferred from the fact that the Legis-
Iature itself, by five different Acts of Parliament, has gradually
lengthened and widened the arca of control in the manner I have
stated.

The river Lee, which supplics two of the Inrgest Water Companies
furnishing London with water is not subject to the same restrictions
as that which prevails in the Thames basin. By the Lee Conservancy
Act, 1868,—which declares the duties of the Board to be the pre-
servation of the puvity of the water of the Lee and its tributaries,
as well ns the improvement of the stream and the maintenance of
navigafion works—the tributaries over which juvisdiction is given
are particularized without any reference to the minor streams and
watercourses which feed those tributavies, and the consequence is
that the control of the Board is considerably limited. If this is not
the case by the legal interpretation of the Act, it certainly is so in
a practical sensc.

Upon this point I ean speak positively, beeause I live within the
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walershed of the Lee, and the villago in which I reside has a
p{)pllll.llim.l of ubmlt_ 2500 persons, which nt this moment is dis-
vlmrgm% its sewago into o branch of one of the tributaries specified
in the Act. This sewage, when it reaches the Lee—as reach it it
must—is necessavily mixed with the water consumed by the inhabi-
tants of London.

Other villages of less populations do the like, and the Lee Con-
servators evidently consitlm' it no part of their duty to prevent such
pollution, It will therefore remain until some authority, having
Jurisdiet ion over the whole watershed, compels all Sanitary uuthoriticfg;
of ;llistriuts within it to free their liquid refuse of foul and noxious
matters.

Although the Local Board (Stevenage) to which I particularly
refer was called into exislence five years ago, it is the fact that up
to this moment it hag utterly disregarded the pressure of the Tocal
Government Board, under o belief that, however percmptory the
tone of communication may be, nothing will really ho done by that
Board to enforce compliance.  I'he prospect of a writ of mendamus
is held in perfect ridicule, and only those inhabitants nre elected on
the Board who will do nothing of a comprehensive character.

While this pollution of the stream is permitted, its waters still
continuo to he used for domestic and agricultural purposes by the
peaple who live on its banks below. At the same time, the inhabi-
tants of the village committing the wrong derive their own water-
snpply from wells of various depths, which ave fed by percolation
from the surface, although there exists immediately under their
feet, ab a depth of abont 100 ft., the pure and never-failing supply
of tho great chalk basin. The consequence is, that while the Local
Board by inaction is rendering the water of the stream into which
the sewnge of the district is discharged unfit for use by man and
beast, the inhabitants live constantly liable to endemic maladies
whenever dry seasons recur.

This homely illustration of the want of some presiding local
authority is only one of many that T could quote as existing in the
Kame watershed, but I hope it will snffice to show that anyocontrol
by Conservancy Boards that does not extend from the main trunk
and its tributaries up to the cxtreme margin of the river basin, and
does not turn to use tho subterranean sources of supply b_y" the
exereise of powers such as were embodied in the 26th section
of the Rivers Conscrvancy Bill of which I have spoken, must
{f‘lll to sccure the sanitary benefit the country should demand,
The scetion I refer to (the 26th) empowers a Conservancy Board to
charge upon a part of a watershed—a private improvemont rate to
discharge any specinl outlay which may be anthorized by tho Act
and surely, as their dutics extend to the preservation of the purity’
of water, the provision of water to villages should be one branch of
daty, To tax the upland portions of a river basin (as intended by
the 5th section of the Bill) towards tho cost of improving main
outfalls, on the ground that they throw down their surplus waters to
flood the valleys—a charge which is perfectly right in itself—must
strike everyone as unjust if the provision of pure water to the
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134 ENGINEERING AND SANITARY CONSTRUCTION.
taxed population fail to receivo from the Controlling Board tho
consideration duo to so vital a question. . .

The uso as well as nbuso of waters feeding our rivers aro ohjeets
so important to tho nation that I trust you will bo able tn.uus\;'cr
tho question I have put to you, by decluring that the duties of o
Conservancy Board should extend beyond the bed and banks of u
river, and tfw maintenanco of navigation works, to tho lm'lc.clll?fl
from pollution, ns far as practicable, of every stream and wa er-
courso within the watershed area, and to the substitution of mt!wl
stored or subterrancan supplics, whero the purity of the running
streams cannot be assured. . .

IL. The next two questions have a somewhat intimate wau'm.g
upon each other, as one relntes to the admission of surface-waters
into the sowers, and the other to tho ventilation of sewers, Lo

The two abjects may be considered to be related to cach other;
Dbeenuse, although all” engincers know that the air uxlshng. in
sewers is more or less affected by every fluctnation of the flow of
liguid within them, we have ample reason for believing llmt,'ui
many cases where unsatisfactory Sanitavy results have follow f(
tho adoption of syslematic sewerage, they have been _dno to. lllti
want of the proper ventilation of the sewers, and in no smn
degree to the escape of sewer-nir into dwellings when forced ont
of them by the recurring influx of surface-waters, to say nothing
of tho escape of diluted sewage into the busements of houscs, and
into the ground adjucent to the sewers, which too frequently
occurs when the sewers are overcharged. .

When systematic sewerage was first adopted, under the Public
Health Act, 1848, there existed no law cnml_wllmg the chnl
Authoritics to free the discharged liquid of fonl and nosions
matter. The rivers were then still recognized as the proper recipi-
ents of liquid refuse, and whether it cnn.sislcd of the water con-
sumed by the population, and converted into sewage, or the rain-
fall thrown off the surface, it made no difference. Tho admission
of suface-waters into sewers was therefore encouraged ; first,
because it was the readiest means of getting 1id of a troublesome
matter; and next, becanse the rain was thought to be the readicst
means of flushing out the sewers. To mako the sewers large
cnough to receive and discharge surfaco-waters as well as scwage,
was represented as cheaper than the separation of the twoj and 50
long as the rivers remained legally the proper recipients of foul as
well as clean water, this treatment obtained general concurrence.

The obligation subsequently imposed npon all Loeal Authorities
to free the refuse liquid they discharge into rivers from all foul
and noxious matter has entirely npsct this convenient arrangement,
and wo now find that, on all grounds, the separation of rainfall
from sewage (as far as practicable) is desirable on Sanitary as well
as economical grounds. '

OF course, there will always exist flaws in Dboth masons and
plumbers’ work, however vigilant the supervision of local surveyors
may be, and faulty traps will be found to admit scwer-mr into
dwellings and leaky sewers to let ot liquid into the ground without
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any oxlra pressure, caused by tho influx of surface-waters; but
every day’s oxperienco is proving, to thoso obscrvant of facts, that
on occasions of heavy rainfall, not only will sower-gas find ingress
into dwollings through faulty traps, but it will make a passage for
itself, throngh water-traps, into kitchens and scullerics, even
though they be in ordinavy working condition. It not unfrequentl
happens, too, that upon extromo occasions, sewage diluted witK
storm-water will rise up the privato sewers into the cellars and
basements of houses; and 1 havo seen instances whero the deposit
of sower sludgo in cellars hing been considerable, and the efluviom
arising from it most objectionable. All outlet pipes from sinks,
&c. ought to bo disconneeted from thoe sewer, and then these ovils
cannot arise.

In tho disposal of sewage, the advantago of separation is incon-
{rovertible. This was made very clear in 1868, by the late Mr.
William Menzies, and has since been foreibly shown to be the case,
by Colonel Jones, as well as soveral other anthorities on sowago
utilization. As a sewago farmor, having to deal with different
charactors of soil, more or less absorbent, I can speak ‘feelingly
upon the immenso difliculty of dealing with sudden angmeontations
of quantity.

But it matters not whether sowago is ntilized upon land, or its
solid ingredients precipitated by chemical processes, the sudden
and copious incrcase of quantity, and the equally sudden and
great variation in quality, will always convert the best designed
arrangement into o work of disorder.

If, in addition to these drawbacks, the sewage has to be raised
to the placo of disposal, it is necdless to say that every gallon of
surface-water by which it is diluted, adds proportionately to the
cost of pumping.

Tho only objection that in any way holds good is that the sudden
admission of the rainfall into the sewers is an antomatic mode of
flushing them, and velieving them of deposit. But when it is
remembered that surface-waters invariably bring with them road
detritus, it will be granted that in the majority of cases the sewers
are moro likely to gain deposit than be freed from it by the
admission,

Without going into nny details to show that methodical flushing
is superior to tho oceasional clearing of sewers by the rainfall, Iam
content to state, that with properly devised penstocks and valves,
engineers moy cffect a porfect means of flushing sewers of deposib
without the aid of the rainfall; though, in saying this, I would not
reject the partinl use of surface-waters, when they can favourably
be brought to bear.

III. The ventilation of the public sewers of a district is the
next object upon which T desire to express my opinions.

Engincers are constantly meeting with objections from the Local
Boards they scerve, from inhabitants of sewcred towns, and not
unfrcqnently from wmedical men, to the existence of ventilators, 7.e.,
the manholes and Jampholes with gratings acting as such, when
Placed in the streets and other thoronghfares; and a medical
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' | journal, of ligh standing, recently pointed out that invalids, and former being to dmip water out of the g:_‘ouud, while tl_mb.oi‘ 'th.u ik
i e persons of weak constitutions may inhale efilavia coming up from Inttor is simply to discharge, ns.I have said, the. filthy liguid it is )
g these outlets with very injurious results. These objections ul'.tcn  tended to collect. These * drain-sewers were, in fact, co_nstl'ucte.d I
i assume, too, a substantinl form by the outlets themselves .lmmg 1 with a disregard of tho trath, that the snmo apertures which admfb i
stopped up.  Wo shall admit that n disngreeable stench meeting ns water into the sewer from lllp surronnding ground, under onc condi- i
B as wo pass a ventilator in tho strect, is not an agrecablo thing, and tion of things, will let the filthy liquid out of the sewers into the H.
L we may readily conceive that a person gensitive from sickness might suo ground, to make it excrement-sodden under another condition 1
1 suffer from such cause: but, inasmuch a8 gases generated in sewers B of things. ) . ‘ 1,
Ui must eseape somowhere, thero can bo 1o doubt but that it is fur j If the eficel of making a sewer ack as o drain was simply to
; B better that they should do so in thoe publie streets and in the open ' lower the water level in the soil, and scenre the benefit which, in a 1)
o air, rather than in private houses and confined spaces, from which Sanitary view, invariably follows the lowering of the subsoil-water 13

in o populons town, nothing could be more desirable. But the

there is no cscape. . . . :
consequence of doing so may not only be what I have just pointed

The problem to bo solved is, how to effect such a system of veoti.

lation us shall prevent the escape of objectionable stenches, cither out, but it will certainly bo to dilute the sewage to such an i f .
it into the streets or into houses. Tall shafts, cerected in selecled extent as to increase its volume beyond the limits of economical il
R places, have been tried, and are found incapable of cficcting that o {reatment. . . gh
i concentration of foul air that was expected of themw, while all ; Within certain limits this dilation ncts beneficially in keeping the AN
attempts to purify gases rising up from strect ventilation by the sewers clean, but where, ns in Liverpool, London, Dover, Leicester, { |
1

interposition of trays of charcoal, or any other materinl, have been and Torquay, the constant outflow from the sewers is more than

LR found equally ineffective. donbled by_tlm influx of s_ubsoil-\\'atcr, the diffienlties of disposing [
' But the difliculties we experience ave, neverthelesy, to bo over- 5 of sewage is very greatly increased. ' 3
o come ; not by adopting extraordinary scientific_expedients, nor hy . The differenco between the ndmission of subsoil-water and sur-

i reducing the number of outlets, or stopping up those that exist, bat § face-waters is, that the formey increases the outflow, and the cost of i

treating that outflow constantly, while the effect of the Iatter is only
oceasional,  In the first case, the whole of the outflow, however
much it may be diluted, must be freed of foul and noxious matter;
wherens, in the last case, velief may fairly be afforded by storm
overflows, in times of heavy rainfall, when the rivers themselves
are in n flooded and disturbed condition. Two evils, therefore,

by increasing their number, and by insisting upon the ventilation of
the soil-pipes of water-closets connceted with tho sewers, and all
: ; receptacles of putrescible matter into which sink-pipes, &e., may
; . discharge, by sufliciently large pipes earricd divectly up above the
roofs of houscs,

Experience on all hands points to the advantage of diffusing the

R R VA

: air of sewers by frequent ventilation at different elovations. This

alone secures perfection. I, therefore, submit that n positive
understanding should Le come to, which should have the force
of law.

IV. The next and last question I have to submit is, ** Should all
sewers be made watertight ?” Upon this point it is quite as neces-
sary for the public advantage that a positive rule should be laid

attend the use of sewers as drains, which may be avoided by making
them watertight.

I am led to submit this point for public consideration, beeause it is
not an unfrequent practice, in certain localities, to use clay for the
juinting of sewer-pipes, under the plea of cconomy. In some parts
of the north of England clay is more frequently used than any
other materinl; and I have good reason for knowing that, although,

in certain instances, that practice may be adopted without much

down, ag it is to come fo a final decision on those objects which I )
disadvantage, in the majority of cases, it entively fails, both in

Lave already put before you.
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f li Althoungh, as an abstract question, there can be no doubt that kL‘Oping’ the mlbsoil-wnt‘m- out of the sewer, and the “sowage
. sewers should only discharge the foul liquid they collect, it caunot proper” in the sewer.  So diflicult is it in the first place to prepare
peoiot be denied that, in certain instances, sewers which have aeted as ) clay suitable for the purpose, in the next to get it placed equally
L C drains, in consequence of their not having been constructed in a 4 within the socket, and afterwards to retain the jointing in its posi- |
E . watertight condition, have produced such a good effect npon the i tion, nnder pressure from without, when the soil is full of water, 3
P health of the district they have traversed, by reducing the water- 4 and under pressure from within when the sewer is overcharged with
L B level in the gronnd, that a conflict of opinion has arisen, and to e the 1';111\[‘:1]], that I dO_HOf; hesitate to say, after more than thirty ;
1 some oxtent still prevails, as to the desirability of having conduits, ; years” continuous practice in the treatment of clay, that no amount £
; ! v which sha]]_perforn‘l the two services of sewernge and drainage ab g :}lf “'1.'.-:"_]“‘}00 in_supervision can render elay a perfeet material for ’ :
i1 the same time. The adoption of what has been termed * drain- ‘:1:‘.1011"1"18_015 scwers of any considerable Iength. I have, on £l
Ll sewers, llowevel'_, in the cases I have reforred to, was not th }.{.H“", : u:\ (‘,I al ovcasions, _fqund that after a time the clay has been entirely l .
2R of deliberate design, hut was due to the absence of o recognition of washed from the joint. . ) ) R LS .
[ } the actnal difference between a dvain and a sewer, the duty of the With the facility that always exists of placing a subsoil open SR e
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drain upon a watertight sewer, to keep the subsoil-wator well
below it during its construction, as well as to serve for a dischargo
of that water for all future time, it is hard to find n reason for
uniting the two works in ono.

The practice which now finds fuvour with our leading engincors,
of jointing sower-pipes with tarved hemp, or gaskin, and Portland
cement, and having an independent drain beneath, with o layer of
concreto between them, to support the sewer wheve it is of lavgo
dimensions, scems to leave nothing to be desived. I, therefory,
submit that all sewers should bo watertight.

Believing that the Government will not tuke upoen itself to deter-
mine such questions as I have put before you, I would ask, is it not
desirable that some seven or nine selected men should, with tho
approval of Parlinment, form a Sanitary Council or Commission,
somewhat of the character of the Railway Commission, who should
consider and express a posilivo decision, when unanimous, upon all
such points as may bo deemed of national importance, so that Loenl
Authorities may be assured that they nve proceeding safoly in the
works thoy are required to exceute?

Bamey Dextoy, ..

The Dangers of Bad Plumbing.

Dorixa the Exhibition which was held in Leamington in 1877, 1
contributed some vemarkablo specimens of mal-construction in
plumbing, and also some curious exnmples of leaden pipes into which
holes had been gnawed by rats while sceking ingress to n honse, 1
also showed severnl picces of sheet lead which had been completely
perforated by worms that had previously destroyed tho unseasoned
roof boarding underneath, TIn the present Exhibition I have laid
upon a table some still more remarkable examples of defective and
dangerous plambing; and I may add that each speeimen which 1
exhibit has been associated with death and disaster in some shape or
other. In the few remarks which I will now proceed to make, T will
endeavour to classify nnder the heads of Imperfect Jointing and
Improper Treatment of Wastes, tho sources of some of tho evils
complained of, so that each specimen may point its moral.

IMI'ERFECT JOINTING.

These faults will mostly be found in soil-pipes. Ior instances
there is a slip-joint, properly so called, in which one portion
of the soil-pipe has simply been dropped into another, without
any filling-up material or solder. A necessary result of this
is that the scwer-gas escapes at all times into the honse, when
the soil-pipe has to be erccied in the interior of the house in
the ordinary wall chascs, Lven when the soil-pipe had been
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led outsido tho house I havo come neross motable examples in
which the sower-nir has eseaped from these open joints, and found
an entranco into the house by way of the open windows. Cases of
death due to this improper delivery of soil ave very common indeed,
and the vietimg aro mostly servants wheo sleep in ntties, the windows
of which open above theso pipes.  Sometimes, even when the joints
have been properly made with solder, but when the soil-pipes inside
the house have been insufliciently tacked to the wall or insufliciently
supported, the weight of the soil-pipe has sufficed, by dragging
action, to open the joints, with tho usual bad consequences. It is
not an uncommon oceurrence to Iny bare soil-pipe joints which have
been made with putty, and ticd over with eanvas ; or red-lead joints,
without the slightest attempt at soldering; and when these joints
were dry, an open annular secam has appeared, which has allowed an
exit for the sewer-nir.  Joints of this description ave almost
invarinbly found in the older class of houses, and I have exhibited,
on severnl oceasions, picces of soil-pipe, not more than 2 ft. in
length, upon which could be noticed each one of these samples of
improper jointing. 1 need hardly say that faults of this kind are
mainly attributable to the carelessness of the workman, who hag
been content with tho worst of patching, instead of insisting npon
an entire replacement of the worn-out pipe, as was his duty. Iam
only too well awar®that very often the builder has orders from the
owner to earry oub the very cheapest repairs; but this ought not to
be o valid excuse, beeause 1t 1s neither workmanlike nor businesslike
to freat so serious a matter as a soil-pipe in this way, and he onght
to know very well that a soil-pipe cannot fulfil its duty properly
unless it ean sustain a column of water inside without trickling at
the joints; and when the builder observes, upon taking down the
casing, that a pipe has become eaten into holes by sewer-air, or
abnormally thin, he should know that no amount of patching he can
devise will remedy the defects, seen and unseen, in such a case.

The corrosion of soil-pipes into holes is almost entively due to the
action of sewer-gas, nnd will always be found present in some
portion or other of an old soil-pipe which has never been ventilated.
Where disinfectants of certain kinds are freely used, the decay of
the lead is greatly accelerated.  When a soil-pipe of this description
is laid bare, the safest way is nt once to remove it, and to replace it
by a drawn lead soil-pipe of proper thickuess, duly ventilated by o
confinuation of the same diameter of pipe up to the roof, remote as
possible from windows and chimneys.

There is another thing which a builder has a perfeet right to refuse
to do, and that is to lead the soil from a water-closet into a rain.
water pipe which descends inside the Louse, or has its extremity
near any window. This is & very frequent cause of illness, even
when such a rain-water-pipe, made to do double duty, is led outside
the house; as, for the most part, it will be found ‘that the upper
extremity delivers foul air perilously near theinmates, During the
past year I have known cases of death traced to this very fanlt, The
evil factor in such improper treatment is multiplied when the pipe
bas not been made of lead, but only of lengths of thin cast-iron
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down-pipe, which cannot properly bo jointed or made wir-tight. I
say that no responsible builder shonld ever consent to the erection of
such inadequate soil-piping, or only upon the specification of an
architect or enginecr who daro risk it under certain conditions. Nov
ought any one to mako use of an iron soil-pipe outside the house,
unless it be thoroughly disconnceted at the foot, and a current of
fresh air thus continually passed through it.
IMPROIER DELIVERILS OF WASTES,

A vory largo percontage of tho waste-pipes of sinks ave led direet
into the drain, with only a bell-trap inside the voom, which is
oftencr than otherwise broken, or with its upper portion removed
for the convenience of passing down, quicker than is needful, the
antry and other sink wastes.  As a vesult of this, and especially
1n batler's rooms, where ho perforee sleeps, in order to bo close to
tho strong room, a regular highway for foul air is established
into the rooms, bringing with it sicknesses of many kinds, It is
the same, too often, with housckeepers’ rooms nnd servants’ halls,
in which sinks have been placed, and servants who are often
obliged to pass the greater part of the day in such rooms suffer
in consequence. The only vemedy ngainst this state of things is
to cause the sink to deliver over the trapping waler of an open
gully outside the house, no matter what distance the pipe may
have to go to reach tho exterior of the building, and to provide, ny
well, o trap underneath the sink itself, in order to keep out the
cold air and the eftuvium arising from the decomposing wasles in
the gully., This latter is a point which is often overlooked.

Tho above state of things is sufliciently bad, especially in a large
houschold, too profusely equipped with sinks in the basement ; but
it is, perhaps, nothing to be compared to the improper entries of
housemaids’ sinks into soil-pipes or D-traps of closets. In nearly
every instance when a foul smell is discernible upstairs, it will bo
found to arise from this improper connection between these wastes
and the soil system. I am not now speaking of properly constructed
housemaids' sinks, with ventilated traps underncath, which arve
purposely constructed for the removal of bedchamber slops of all
kinds, beeause these may be allowed in such cases to enter a pro-
perly ventilated soil-pipe; butIreferrather tosinks merely intended
to remove away the drips from hot and cold water taps, in which
case the danger is greatly enhanced by the sinks being placed in
passages close to bedrooms and in proximity to the great mr-shafts
formed by the staircases. These kinds of sinks should invariably
deliver in the open air, and may somelimes be conveniently and
safely led to the upper head of a rain-water pipe.

Another disgraceful system which obtaing in many houses, cven
of very modern construction, is the leading of the cistern-waste or
overflow into the trap of a closet. I have this year exhibited some
startling oxamples of this dangerous practice, and I must most
carnestly call attention to the fact that drinking-water is contami-
nated in this way to an extent which must be incredible to any ono
who bas not made the Sanitary inspection of houses his special
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study. 1 have come to the conclusion that the wisest way to avoid
the dangers consequent upon this improper treatment of a eistern.
waste is to treat the latier as an overflow, and point it through the
wall in all eases where a standing-waste cannot be led to deliver in
{he open air.

The fow remnrks which T have made wpon the subject of the
delivery of housemaids’ sinks into the D-traps and I’-traps of closets
are equally applicable to the wasles and overflows of baths. An
examinntion of my pilloried specimens will show that this practico
is far too common.  One can ohserve there the traps of closets, into
one of which have been led the waste of n cistern sapplying drhiking
and closet-flushing water, the waste of the housemnaid’s sink, and
the waste and overflow of a bath, As may be observed there also
the wastes of baths, sinks, and cisterns have been taken into botli
checks of one D-frap. It is had cnough to place the bath in the
samo roont ns o closet, and I wonder how architects can persist in
this evil associntion, but it is something horrible to think that the
delivery of the bath-waste is into the very foulest conduit. And yotb
this Intter mistake is one very conslantly practised by plumbers
who at least ought to know better, and who ought to feel themselves
in n position to refuse to carry out such a practice, even if ordered
to do so by a clerk of works, I have known instances in which
death has entered a houschold by way of a bath-pipe thus dan-
gerously connected, the danger being enhanced by the frequent
contigaity of bath-rooms to bedrooms,

Nor can it be said that these crrors of judgment, or worse, apply
only to old houses, for 1 exhibit samples of closet-traps, with bath,
cistern, and sink entrics, which are palpably but lately from the
plumber’s hands. In the majority of cases the excuse cannot be
urged that these mistakes have been perpetrated in order to save
money or to secamp the workmanship, because many of these traps
are really excellent specimens of skilled labour, and in some of them
the wonder is how the painstaking workman could have brought
'h‘ls soldering-iron into play at the wiped joints in so small a sp:?ce.
Ihc.fau]is are _cntirc]y, in such instances, due to fotal ignorance of
Sanitary principles, and to o slavish following out of the traditions
of the workshop.

When we come to the water-closet itself, we are all bound to
admit that there is a great deal still to be done in providing a
faultless apparatus. Most horrible examples of death-dealing closets
are to be found, especially in the area-vaults of our best town
hquse-s. I sl-aould, above all, like to see abolished the filthy D-trap,
with its furrings of freeal maiter, the huge iron container, with its
]u_nngs of ancient ordure, and the trap at the foot of the soil-pipe,
with its exeremental cess-pit. I would even like (o sce abolished all
traps whatsoever to closets, and I am convinced that if plumbers
would only follow the lead of our more advanced Sanitarians in this
respect, or at .lcast more largely patronize the carthenware closets,
that much solid good and absence from disense would acerue to the
community, It is almost criminal for builders still to persist in the
use of the pan-closet, which, to my knowledge, was condemned by

[ O
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; Mr. Chadwick nearly forty years ago; and how they can insist on

fixing this dangerous contrivance without & venhlating pipe, is
more than I ean fairly understand. I will not believo fora moment,
that its use is continued in order to soll tho D-trap with it, the
making of which occupies the timo of the npprentices, or to provido

;i'-‘ for n regularly reenrring bill of repairs; but thoso who persist in

3 its uso lay themselves open to the chargo that they ave introduced
1 for no other purpose. I think the solo reason for tho patronage it

e obtains is to bo found in ignorance, and a false cstimato of its

cconomy and cheapness of evection, And T am persunded that if
I our builders would only fake to leart the lessons tanght by thoe
inspection of the much better articles keen at the present day in
Sanitary exhibitions, they would refuso to have anything moro to

lo with it. .
( There is another fanlt concomitant with the use of all closets, nnd

- that is tho leading of tho wasto of tho tray or safo under the appa-

ratus into tho closet-trap. It is almost invarinbly taken thero in
the commoner houses, and in a very large perceniage nlso of thoe
better class houses even yet, and ono half the smells which encounter
one on cntering into a closet-room is duoe to this lamentablo want of

| b common sense and forethought in dealing with the closet essentials.

It is, perhaps, somewhat too much to expect that our tradesmen
are all acquainted with tho necessity for tho disconnection of the
house-drains from the sewer by means of any of the numerous dis-
connection traps, constructed on varvious systems, now in the market.

s But until such o trap is provided between the houso and tho sower,

at some part of the house-drain, the work has been only half done.
Nor can thero bo obtained any absolute safeguard from sewer-air
or house-drain gas, or any thorough ventilation of the horizontal
drain or vertical pipes, until some method of absolute disconnection
be practised, and fresh air taken in at such a trap in order to Lo
discharged at the ventilating pipes. No plumber, however perfect
his work, ean hope to witness really satisfactory results from his
labour until this disconnection has been achieved.
W. Eassig, c.i.

Mr. G. J. Symoxs asked : If sewer-gas is really so dangerous,
why are men who work in sewers generally a healthy.looking class
Offl’?z(c})r;gsson F. pe CnaudosT heing called upon by the President
to reply, questioned the fact of the healthiness of sewer-men, and
pointed out that evidenco existed of the danger of sower-gas, apart
even from its forming a means of conveying specific poison. It was
extremely dangerous in surgical dlscases_, rendering operations
especially hazardous, unless special precautions were taken, giving
rise to or aggravating child-bed diseases, erysipelas, ophthalmia, &e.,
and greatly increasing the danger of specific disease (syphilis).
Dr. de C. had himself had oceasion to see its influence in the pro-
duction of ophthalmia in his own regiment. The evidence rbout
sewer-men rested mainly on the statements of Parent-Duchiitelet
in Paris, and on the state of health of the sewer-men of London.
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1. Duchitelet’s statements are hardly borne out by his own statis-
tics, for tho number of men examined wag small, and even they
suffered from rheumatism, ophthalmin, fover, &c. As regards the
sewer-men of London, they worked in large, well-ventilated BCWOTS,
where the sewnge was Iargely diluted. Ifo had not been in the
London sowers, but he had taken a_jonrney down the great sewer
of Brosscls, whero there was hardly any pereeptible smell to be
noliced.

On the Effects of the Long-continued Application of
Sewage Water to the same Land,

Tnr: subjeet of this Paper was suggested by an observation in the
Report on Sewage Disposal of Messrs. Rawlinson and Read to
the Local Government Board, The observation occurs in their
remarks (p. 36) upon Sewage irrigation, and is as follows :—

“We have also been assured hy a gentleman of vast experience
that the long-continued application of town Sewage to the same
lnnd fails to produce the like beneficial effects as when it was first
used.”

To assign n reason for this onght not to be beyond the powers of
agricultnral chenists, and it is to be hoped that when their attention
is called to it, they will not keep Sewnge farmers long in waiting
for the explanation and the remedy. The failure is a very important
matfer for agriculture, and affects also the condition of our rivers
and strenms, It is certainly a question which calls especially for the
attention of an Association like ours, when holding its meeting on
one of the “classic sites” of Sewage irrigation, and near the
dwelling-place of one of ils most bitter opponents,

Bnt for these cireumstances, indeed, the author wonld shrink from
putting forward his opinions on a sulject concerning which he can
neither pretend to have a practical experience ns a farmer, nor to a
knowledge as an agricultural chemist which is satisfactory even to
himself. ~ At the samo time he considers that he need make no
apology in bringing before you for discussion the experiments and
observations of eminent men bearing npon the question, and if he
draws deductions from them which seience will not justify, he will
willingly submit to being corrected.

One of the latest experimenters on the subject of manures, who
has published his results, is so far as the author knows, M. Ville,
who directed the experimental farm, established at Vincennes b
the Emperor Napoleon 111, with a view to regulating the cffects of

vegetation by means of the clements which chemistry discovers in
plants. M. Ville gives the results nt which he arrived in n series of
lectnres which have Intely been translated by Mr. Crookes, and the
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.work well merits the study of every intelligent favmer.

144 FNGINEERING AND SANITARY CONSTRUCIION.

It is ontho
facts and principles so clearly and simply put forward in this work
that the author ef the present DIaper mainly relies for the support
of his views, thongh additional evidence from the works of Lichig
and Voelcker will not be wanting.

M. Ville found that wheat, when grown in calcined sand withont
any addition but distilled-water, acquired only a radimentary
dovelopment, the straw being hardly as large ns a knitting needle.
With 22 sceds of wheat weighing about 15 grains, a crop weighing
somewhat over 90 graing was obtained, Onadding the ten inorganic
clements or mineral mattevs found in plants and without nitrogenous
matter, the yicld increased to 123 grains,  With nitrogenous matter,
but without mineral matter, it reached 138 grains, When lastly,
both mineral and nitrogenous matters were added to the caleined
sand the result was:—

“ Almost magicnl.  Previously the growths ave languishing,
precarious, and ctiolated, but now the plants spring up rather than
grow, the leaves are beautifuily green, the stem strnight and firm,
terminating in an car filled with good graing, and the heaviest
weighed from 327 to 383 grains.”

1le concluded also from his experiments that one.half of tho
nitrogen required by the plant was derived from the air,

M. Ville next tvied the results in ealeined sand, with the suppres-
sion in turn of each one of the ten mineral clements whichi ave fonnd
in plants. A fixed and invariable quantity of nitrogenous matter
was mixed with the sand as o constant ingredient, and all tho other
clements were added by turns, omitting one each time,

1. When all the mineral ingredients, without any exception, were
added to the calcined sand, to which the nitrogenons material
(gelatine) had also been added, it was found {hat 22 wheat grains
yiclded prosperous plants which weighed 337 grains, and in some
cases even 400 grains.

2. YVith the nitrogenous matter alone, omitting the minerals, the

lants became miserable and stunted, but did not die.

3. When the phosphates were omitted, but all the other conditions
remained as before, the plants sprang up and formed their first
leaves, but these soon became yellow and withered, and the plants
died. 'The yield, of course, being nothing.

M. Ville remarks npon these experiments :—

“We have proved that if the nitrogenons matter is retained, the
plants become miserable and stunted, but they do not die. Death,
on the contrary, invariably follows the addition of the mineral matter
from which phosphates are excluded. This proves conclusively
that the phosphates fill iwo distinet functions, viz., they aid them-
selves tn the nutriment of the plant, and determine the beneficial action
of the other mineral ingredients®  Their funetion, therefore, is more
important than that of the other mineral ingredients, since to their
own peculiar action is added a secondary derived effect, that of
determining the assimilation of all the other mineral ingredients.”

* The italics ave not in the original.
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4. In tho next experiment potash was excluded, and the stalk of
the plant, instend of growing vertieally, bent as if it wanted soiidit
It did not die, but tho yicld searcely reached 92 grains, ¥

o, When mngnesin was excluded the effects were nearly as
disastrous ns in the absence of potash, The yield fell to ubouty123
grains instead of 317 '

6. Tho omission of soluble silica was very prejudicial to vegetableo
nclm'ly. From 33_7 grains the yicld dwindled down to about 120

7. The suppression of the lime produces a less sensiblo cffccl.:-
the yield is then about 307 grains instead of 337. ,

Leaving the culture in caleined sand, Ville extended his investi-
gations to \'m_'iuus natnral soils, and of these he 8AyS i—

“On submitling them to the same experimental system, we found
that \vhufcvgr might be their dissimilm-ity there was a di’stinct line
of demarcation hetween the phenomenn produced in them and those
observed in the caleined sand ; for to render vegetation flourishin
in lhu' latter material, o nitrogenous material and ten mineragl
m!,;rcdwnls were required, whilst in natural soil, however poor it
might be, o nitrogenous ingredient and three mineral ingredients
only—phosphoric acid, potash and lime—aro sufficient. The yield
is mnintained at the same level as when sulphur, silica, Soda
magnesia, iron, and chlorine are added.” ’ , '

“Expcn:tnco s]how.‘}:, :-herefor?, that the four ingredients—nitro-
genous matter, phosphate, potash, and lime-—ar ;
need be ndmittel(l in{o ma’n!lrcs."’ Hlimo=nxo tho only ones that

" For myself, I never found any natural earths in which, with the
help of these fonr substances, it was not possible to obtain o yield
m:’nparnblc to that obtained in the most favoured soils”.

To the mixture of these four substances, M. Ville gives the name
of “nornal manure,” but in so doing ho doesnot intend to den
}hc nh]hty of the other mincral ingredients. Ho excludes i;hmrblr
1:;){?1- nt] ;:3 manure simply because the soil is provided with them

In another series of experiments, undertaken to ascertain the
action of humus, M. Villo found that with the help of all the
mineral matter and a nitrogenous ingredient, the yield rose :—

Incaleined sand .. .. .. .. .. to 337 grains.

Sand and clay T 2 ¥

Sand, clay, and limestono .. .. .. , 337 ;
Sand and humus .. .. .., .. .. y 337 ;
Sand, humus, and clay e e ,’: 337 iy
Sand, humus, clay, and limestone .. ,, 475 ::

Humus,'ns is well known, originates in the actual substances of
plants, being the result of a kind of spontaneons decomposition
whereby o certain quantity of hydrogen and oxygen is lost in the
form of water. It was originally considered as one of the most
Cﬂ.ilemb of fertilizing agents, but though it is now recognized that
this is not the case, it is found to exercise very good cffects in the
soil.  An illustration of this fact is given in the nbove experiment
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146 ENGINEERING AND SANITARY CONSTEUCTION.

with Ymestone, clay, and sand, in which a great increaso of crop is
gained by the combined action of the hwmus and ealeic eavbonnte,
Ilumus absorbs oxygen from the aiv, and af.tm'\\'m'ds undergoes
n slow, inappreciable but real combustion, with the formationin
the soil of carbonie dioxide,” which ncls as a solvent of ccrtain
minerals, and especinlly of limestono aund ealeie phosphates. Tt
thevefore, helps to supply o vegetables these ingredients - nn
available form. Iumus, it may bo mentioncd, also fixes the
ammonia in the soil, and thereby prevents it from being carried off

by rins. o .
M. Ville subsequently inquires into tho constitution and functions

of farm.yard manure, and into the:— _

« Conneetion between it and that law of restitution which wo
cannot cscape from, and tho disregard of which is fatal to tho
fertility of svil.” .

He finds it to consist-—1Ist, of about 80 per cent. of water, which
is certainly not the cause of its cflicacy as manure; 2nd, of 13 por
cent. of woody fibre (carbon, hydrogen and oxygen), in which the
active principle of manure had proviously been shown not to reside
3rd, of 5 per cent. of the seven mineral ingredients which have
been proved to bo of very littlo value in o manure, beeauso they
exist in the worst lands; and 4th, of between 13 and 2 per cent. of
o mixturo of the four bodies—nitrogen, phosphoricacid, potash, and
lime—of which chemical manure slmult‘ cansist.,  Although, how-
ever, the carbon, hydrogen and oxygen of tho woody fibro of farm-
yard manure and of thesolid dejections it contains are very slightly
active at first, such fibrous matter acquires great cfticacy by tho
decomposition it undergoes when bronght into contact with the air,
resulting in the conversion of the nitrogen, present with them, into
ammonia, and, as is the case with lhumus, rendering the mineral
matters more soluble.

After a long course of exhaustive experiments, M. Ville shows
that, with farm-yard manure alome, great crops ave impossible,
because the total amount of substances capable of being assimilated
is never sufficient, but if the ingredients requived by cach crop are
added yearly, the highest results will soon be aftained. 1f these are
omitted and farm-yard manure alone o used, the fertility of the
soil will be more and more impaired.

“1Ve know by experience that in giving to the soil the moiety of
nitrogen contained in the crops the soil is not impoverished.”

“1Vith phosphoric acid it is not the same, the soil loses 7 1b. per
acre, the grass land returns 71b., but when the loss by rains is
determined, the proportion of phosphoric acid which passcs into
the state of ferric phosphate and aluminie phosphate, both of them
inactive compounds, constitutes a real loss, the effect of which
must, in the long run, be severely felt.”

Tt is true that the soil receives notably more potash and limo
than it has lost, but by reason of the deficiency of nitrogen and
phosphorie acid, the increase of these two products is of no avail.
With farm-yard manure alone farming is fatally arrested at the
outset. . WY
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“ Farm-yard manuve owes its valuo to tho nitrogen, calcic phos-
phate, potash, nud lhino which it contains, and, as one of these
substances is always subordinate or predominant as regavds the
threo others, according to the kind of plants we are growing, the
nitrogen, which is the dominant constituent in the case of “"hoatr
deseends to the rank of a subordinate agent in the case of lcrrumi:
nous planis; but, notwithstanding this change, it is a not-e“%rthy
fact, on which T eannot too strongly insist, that this predominancy
only manifests itscli on tho express condition that the soil is pro-
vided, to n certnin extent, with the other three constituents of a
normal manure.”

Licbig, in his “Laws of Hushandvy,” tells virtually the same
story :—

“livery fiell contains a maximum of ono or several, and u
mtinimun of one or soveral other nutritive substances, It is by
the minimum {hat the crops arve governed, be it lime, potash
nitrogen, phosphorie acid, magnesia, or any other mineral consti-
{uent ; it regulates and determines the amount or continuvance of
the crops.”

“Quly those ingredients of farm-yard manure which serve to
supply an existing deficiency of ono or two of the mineral consti-
tuents in a soil, act favourably in restoring the original fertility to
a fielld exhausted by cultivation; all the other ingredients of the
manure which the field contains in abundance are completel
without effect.” d

“No special argument is nceded to demonstrate that where a
wheat soil contains just so much phosphoric acid and potash as will
sufllice to afford the quantity of these two substances required for a
full wheat crop, and nontore . . . . nnincrease of phosphoric
neid alone has just as littlo influence in making the returns greator
as an increase of polash alone.”

“The error of using too much manure arises from the mistaken
notion that the action of the manures is proportionate to the quan-
titics in which they are applied; this is true up to a certain limit.
but beyond thig all the manure is simply thrown away as far as
any fertilizing action is concerned.”

*A fresh store of nutritive substances bronght up from the
decper layers of the soil may possibly accumulate ngain in the
arable surface soil, but these deeper layers also will bo graduall
exhansted, and the accumulated store in the arable surface soil wiﬂ
also be consumed.  2%his ds the natural termination of cultivaiion b
the system of furm-yard manure.”’ Y

_Nor are there any reasonable grounds for supposing that con-
tinved applications of town Sewage would be freo from the law
W]ll‘ch holds good with farm-yard manure,
defrlm:m-ya:d man:lu-c consists of the excreta of animals and

aying straw and veget: emai I y i
fhe oxoret of human hemigs and aninals, mivod with ecoes, paper

! o8 als, } grease, paper,
and‘ other deeaying vegetable refuse.
. The elements which give value to farm-yard manure ave the same
in kind as those which give value to town 'Sewage, but, as compared
10 #
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with the phosphorie acid, tho proportion of nitrogen is much greater
in the Sewage. The potash and the lime, a8 well ag tho other
ingredients, are in ench caso very varinble, but on the whole the
two manures may bo vegarded as not essentinlly differing in this
respeet. The earbo-hydeates, or woody fibre, bear a lavger propor-
tion to the nitrogen in farm-yard manure, but these play only o
sccondary part in vegetution, and as they ave ina far more nctive
condition in the town Sewage, probably the ineguality in this
vespect is made up for. The grease in the Sewngo has no fertilizing
offect whatever,  The great difference between tho two forms of
manure is in the quantity of water associnted with them,  Whereas,
in farm.yavd manure, it is from 80 to 85 per cent. of tho whole, or
about four parts of water to one of solid matter; in town Sewago
it is from 2000 {o 3000 to one of solid matter. Finally farin-yard
manure need bo applied only when crops require it, but town
Sewage must be applicd whether they want it or not, and during
the periods when vegetation is innctive, many of the valunblo salts
ave carried nway in the dwinago water. D V oclekor  hing
determined that although potash, nitrogen, and other salts ave
detained in the soil through which moderately strong solutions sve
filtered, the reverse action mny take place when such diluto solun-
tions as town Sewnge are treated.

Now there is nothing in all this to encourage the hopo that Jand
under Sewage irrigation has its losses from cultivation more
efliciently restored han if it had been manured with farm.yad
manure.  On the other hand there is much to excite the fear that
the exhanstion will go on much more rvapidly in this case than
when farm-yard manure is employed.  Sewage irrigation is most
useful for the cultivation of grasses, and the growth of this class of
plants being enormously increased by it, such crops must lead to
{he more speedy exhaustion of the minerals which especially fecd
them. In short, if, with farm-yard manure as our only fertilizer,
we cannot dispenso with the predominant clement of cach crop,
much less ean we do so with town Sewage alone.

his matter is so important that we will look ab it in another
aspect. It has Dbeen shown that there should subsist o certain
relation between the phosphorie acid of a fertilizing compound and
its nitrogen. Phosphoric acid is tho clement which, as we have
seen, determines the action of all the other ingredients in manures.
Without phosphoric acid plants die, but this is not {he case if any
other of the elements of plants be absent from the soil. The
phosphoric acid, therefore, becomes the measure of the quantities
of the other ingredients which it is useful to add to a manure for
the growth of any particular erop.  All supplies of such ingredients
in excess of this, are of no avail, and will, in some cases, prove
injurious.

For a general manure for agricultural and horticultural purposes,
Dr. Voclcker is of opinion that the phosphoric acid shonld be to
nitrogen in the ratio of about 100 to 50.

The mean of the six normal manures for different crops recom-
mended by M, Ville gives the ratio of the phosphoric acid to the
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nitrogen as 100 to 74, varying between 100 to 130 and 100 to 33,
according to the nature of tho crops.

In farm-yard manure tho ratio is as 100 of phosphoric acid to
9200 or 300 of nitrogen.

And in town Sewnge as 100 of phosphorie acid to 600 or 700 of
nitrogen,

Wo sce, therefore, hiow Inrge n proportion of tho nitrogen of
Sewage manure musb inovitably ho wasted under the present
syslem, if the above agricultural chemists approximate even to the
{ruth in theiv conclusions, ns to the quantity of nitrogen, a given
proportion of phosphoric acid in o manure will render assimilable.
A Inrger supply of phosphorie neid than the Sewage will supply at
the critical periods of the growth of crops, is the aunthor believes,
the most cllicient remedy for all this. This may of course be
supplied in the shapo of super-phosphate, and when potash is the
conslituent demanded by the crap, the deposits of salts of potash
discovered a fow years ago in Prussia, will yield a cheap supply of
it. The caleio sulphate which would be added to the manure by
the super-phosphate would of course supply any want of lime
which might avise from tho solvent action of the Sewage water
upon the lime in the soil ; and the lime deposit, where lime is used
in the precipitation of Sowage, will, in conjunction with the
decomposing orgnnic matter of the sludge, afford a lavge supply of
lime when lime is wanting in the soil. By the judicious applica-
tion in fact of phosphorie acid, potash, and lime, dependent on the
nature of the crop, no exhaustion of the land through Sewage
jrrigation need be feared. Indeed as far as phosphoric acid and
lime are concerned, this nddition may be made to facilitate greatly
the disposal of that bugbear of all who are concerned with Sewage,
viz., sludge. To dry sludge is, as it is well known, a forinidable
operation, and it becomes almost a hopeless task, unless mineral
substances are abundantly mixed with it. The addition, however,
of so wmeh inert matter as is generally employed for the purpose,
renders the sludge, by degradation, of so low o manurial value that
it will not bear the cost of carringe. The author, however, has
proved, by means of experiments conducted upon a large scale, that
a comparatively small percentage of lime and phosphoric acid, nob
only renders the sludge less retentive of water and more easy to
filler and dvy, but it deprives it also, to a great extent, of its
noxious smell.

It may be objected that to make phosphoric neid soluble and
then ta precipitate it, and again deprive it of its solubility by lime,
is n waste of ncid which must render the plan impracticable; but
the author submits that this view has alveady been shown in this
paper to be erroncous. Such caleic phosphate as is soluble to a
searcely appreciable extent in ordinary water, becomes fairly soluble
when atlacked by water in which carbonic dioxide is dissolved, and
such carbonic dioxide must result from the decomposition of the
carbo-hydrates which the organic matters of the sludge abundantly
provide. Calcic phosphale is also dissolved by the ammoniaeal salts
which exist in Sewage water in suflicient quantities for the wants of
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vegetation. For Sewago irvigation, indecd, precipitated phosphato
and decaying organic matter are better than phosphorie acid in the
perfectly soluble condition; forin the latter state there is more
danger of its being rendered less assimilable by plants, by being too
readily converted into its incrt combinations with iron and aluminu,
There is also the still greater danger of its Deing washed away
altogether in the drainnge water. Dr. Voelcker found that in
operating with very dilute solutions of phosphoric neid, the Y:‘upnr-
tion of the acid which was left in the liquid after passing through
the goil was just as large as it was before it was applicd.

By supplementing, in the manner which has thus been deseribed,
the action of the Sewage water, and by trenting Sewngo sludgoe with
phosphoric acid and lime to be nsed as 1 top dvessing, not only
would the mannrinl eficets of the Sewage water, when employed in
irrigation, be greatly inercased, but its applieation to land bothfertile
and unfertile would, the author believes, continue for all time as
beneficial as in the first fow years of its usc.

Hesey Y. D. Scorr,
Muyjor-General.

The Sanitation and Draining of Towns, and
Disposal of Sewagde.

Tue Sanitation of a town, and the disposal of sewage without
creating a nuisance, and without polluting ecither river or the sea,
are admittedly subjecis of national importance; and as all the
means of effecting these objects that have hitherto Leen employed
have been more or less failures, practically and finaneially, I
venture to bring fo the notice of the Sanitary Institute a novel
process of my own which, as it is Dased on one of nnture's
immntable and essential laws, must certainly be right in theory,
and cannot therefore be wrong in practice, if properly carried out.

I start then with this assumption, that what the neArt, or, as 1
call it, the ruMPING sTATION of the body for eliminating and purify-
ing the blood, is to man, such would SEWAGE works properly con-
structed on the plan I propose be to the purifying and disposing of
SEWAGE.

This may strike yon as a strange idea, but I undertake to work
it ont to your satisfaction I think,

I lay it down, too, as a law not to be disputed that a town cannot
be healthy unless it be clean; and in order to be clean it is
necessary to do much more than simply carry to the outside land
the excretions of men and animals.

If these propositions be true, it is just as essential to dispose
effectually of discarded house refuse and seavenged material as it
is to get rid of sewage, if we wish to prevent the ocenrrence of
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disenso from an reenmnulation of things that foster corruption and
deeay.

]h.:t tho efforts of Sanitavinns have hitherto been confined to the
disposal of sowage. This in my opinion is only half doing what is
neeessary to be done. .

If we oxamine minutoly the articles that composo n midden, or
an ordinury manure heap, we find nmongst them seeds of numerous
weeds and Jarvw of coleopterous inscets.

I contend that a great deal of injury is now being done to land
by puiting tho contents of middens and house refuse in o crude
stato to fields and gavdens,

Much of thoe good that manure is able to do is nentralized by
such menns, beeanse o crop of weeds and a host of destructive
inscets are the certain result.

What is there, let mo ask, that takes more from the profit of a
farm than & crop of weeds ?

The labour to eradicate them thoroughly would be half the rent,
and the loss on the corn crop as much.

If vou ask me for evidence of the destructive power of inseets,
and the loss to socicly by growing weeds instead of food for man,
1 refer you {o tho daily experience of those who cultivate the soil—
to occasionnl nrticles in the various journnls—and other available
gources of information. 13ut no ono proposes a permanent remedy.

1 desire, therefore, to offer a remedy that cannot fail to be effiea-
cious. For that purpose then I collect all refuse from houses and
streets, such as bones, vegetable cuttings, cinders, ashes, manure
from stables, cowsheds, slaughter-house offal, street sweepings, the
droppings from birds, horses, and other animals, oyster shells, fish
refuse, clothes and bedding contaminaled with contagious efffuvium—
in fact, evorything rejccted from house, garden, and field, and sub-
jeet them to combustion as n preliminary step to the sanitation of
a lown.

It is, ns you know, the daily practico of certain local aunthorities
in various towns to collect the discharges from men and animals in
pails and middens,

But to do so, whether visibly to the eye or nof, I say is a filthy
and revolting process, fit only to be msed by a primitive and
barbarous people, in barbarous times, and is a disgrace to the
civilization, refinement, and vaunted social progress of the present
day.

étntist-ics of fever extending over two quinguennial periods from
1868 to 1877, given by a Medical Officer of Health at a Conferenco
of the Socicty of Arts, were intended to show that pails arve better
than middens, but with what fractional benefit the fignres them-
selves will prove.

In tho first period up to 1872 there occurred in the town of
Nottingham—a town mnot remarkable for cleanliness —748 cases of
fever dircetly traceable to the pestilential influence of pails and
middens. Of these 748 cases of fover 305 died.

Ihis was with the ** midden system prevailing.” Tn the second
period from 1873 to 1877 when * the pail-closet systein prevailed,”
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water supplied by companics are removed.
Assuming then that a town is drained by properly constructed

aterinl ean pass thirough,
I'rom the furnace npward there will necessarily be a current of
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‘ 3 | thero were 549 cases of fover, and of theso 256, or nearly one-half, _ Then, when deposition has proceeded to some extent in the first
s 1: again died. : {ank, the moro or less clear supernatant fluid is drawn or let off
R g Thus there were in all 1297 cases of fever, and of these no fewer into tank No. 3, to allow tha finer portion of the suspended debris
- R than 651 died. f to deposit itself there,
B l} R Such a state of things in n Sanitavy point of view is to o Hut nshes will continue to fall or be deposited from the farnace
B Mt tlamented and wondered at, and whilst it is not ntall complimentary %j to the first fank till any moisturo that may remain has been
!Hu to medical science, justifies the cxistence of such a sociely ns o ‘ absorbed. ‘ . o '
RIS SANITARY INSTITUTE. ! he mass will then bo stivred and assimilated by o mixer, or
it The Congress will no doubt have inferred that tho mode of : yevolving wheed, till it is dry enough to be removed in sacks or
{r HR ) Sanitation which I urgo upon them implies the existence of one ov ; carls, This is simple enough,
L 1 l' more WarEk-Crosers in overy honse, Here T may stato thut the oulfall sewer pipe is made to enter the
Gl In fact 1 doubt if Savitation will ever bo much advanced {ill tanks n short distance below the floor of tho furnace, which is
LR 1 ' composed of ivon bars so closely put together that only the finest
i
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sowers, and that waterclosets ave the mode by which excreta ave
discharged from houses to sewers, T come to the consideration of
what means are best for the disposal and utilizing of sewage.

In the process invented by me, I have carefully abstained from
the use of lime, or any chemical agent to effect precipitation, for the
sufficient reason that lime is quite nnnecessary.

Here I may observe that the precipitation of an article simply
suspended in a fluid, as fimus is in scwage, is to all infents n
mechanical, and not & chemical act. The active agent is gravitation.

Tt is then quite unnccessary to cflcet decomposition in order to
precipitato finus.

Fherefore when sewage is collected in tanks, all that is vequired
is to precipitate the feenlence by a mechanical agent that will not
only not destroy, but will add to the fertilizing character of the
sewage, and at the same time absorb the superfluous moisture not
otherwise disposed of.

The article I employ is finely pulverized ealeined ash obtained
from tho combustion of the Dbones, house refuse, and scavenged
matter spoken of befove,

According to the size of the fown to be drained, and the quantily
of sewage formed, I construct n series of four, five, or six tanks.

Or one tank could be made, in an oblong form, sufliciently large
to be divided vertically into six compartments.

Each of these would eommunicate with the adjoining division,
about two feet from the top.

On the top of tanks Nos. 1 and 2 a furnace is huilt, large enough
to contain several cartloads of refuse, and into this furnace every-
thing that comes nnder the name of seavenging is placed to undergo
combustion,

The furnace in which the combustion is effected heing immediately
over the tank, the finely calcined ashes fall through the floor of the
furnace to the sewage below, and thus become the mechanical
agent to produce precipitation.

When tank No. 1 is sufficiently filled, the sewage from the
ouTFALL PIPE is diverted {o No. £, there to undergo the sane process
of precipitation
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air, and ns Nuturo never permits o vacuum to exist, it happensas an
absolute result that any foul nir or gas that may arise from the
fank, or be attracted to it from the outfall pipe underneath the
furnnce, must pass to the fire and be there deostroyed.

Having, as just stated, precipitated the solid part of the sewage,
and passed the remaining fluid from one tank to another till every-
thing suspended in it has become deposited, and the fluid clear and
limpid, we come next to the mode of disposing of the cfliuent.

In order, therefore, to dispose of the cfiluent usefully, profitably,
and to the permanent benefit of a town, I erect on the top of tanks
Nos. b and 6 a capacious reservoir or cistern to receive the cfilnent,
as shown on the plan,

Into that cistern 1 punp the eflluent from the tank or tanks below
by manual, steam, horse, or other power.

Then from the reservoir or cistern, as shown on the plan, I pass
the eflucnt by gravitation through a pipe, tube, or channel running
parallel with the ontlying sewers, but on a higher level, by branches
from the main o holes, or inlets, made at, or near to, the crown of
the sewer.

The eMuent thus made to pass into the sewers by a concentrated
descending force, or fall, of perhaps four, five, or six feet descent,
cffectually ngitates and stirs the sewage.

This mode of agitating and moving the sewage is, as you will see,
a self-performing and continuous act, carried on simply by gravi-
tation, withont manual labonr or assistance of any kind, and by ib
the sewers become thoroughly washed.

Thus the contents of the scwers are passed on by a steadily
persisting, uninterrupted stream to the outfall pipe and tank again,
partly by gradient descent, and partly by the vis a tergo force
imparted to the sewage by the cnergy with which the effluent
descends to the sewers.

The sewage then undergoes the same process of precipitation and
purification as had been performed before.

Just then as the HEART, or PUMPING STATION of man’s body, sends
the blood to the vavious and distant parts of the body by arteries or
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channels, and brings it back by the veins of tho heart again, to o
purified by the lungs, so does the arrangemont of skwkRs, sINKs,
and cisTery circulato and purify sowage, and eliminate from it its
poisonous parts.

Tho deleterions pavt of sewage, as you sll know, is tho gas that
is produced and emanates from it.

But decomposition of sewage cannot ocenr, and gas consequently
cannot be formed, unless sowago is at vest or stagnant,

Every winc-maker, every brewer, every chemist knows that rest
is essentinl to produce fermentation in worl and must. So it is
with sewago. t rest it forments; kept in motion it does not.

But if from perversity of thought, or want of comprehending the
principles here laid down on which draining shonld be done, an
engincer constructs his sowers with insnflicient gradient, then 1 say
his sewers will be no better than clongated cesspools.

But whatever the gradient of sewers may be, sewago shoutd be
Kkept in steady civenlation as the blood of our bodies is.

Then with a continuous flow of efilitent into the sewers, ns T havo
just deseribed, the production of sewer-gas will be prevented, and
ono of the potent causes of zymotic diseaso will be certainly frustrated.

It will thus be seen how impolitic it is to adopt wrong principles
in draining and disposing of sewage, and how foolish and pernicious
it is to rely for relief on that phantom of misnpprehension and
absurdity, the VENTILATION of sEwkRs.

When sewer gas has been formed, I contend the proper thing to
do is to retain the sewer-gas in the sewer—I say the natural and
true place for sewer-gas is the sewer—and then, by creating a
vacuum at the outfall pipe, the gas will be attracted there, and
destroyed by combustion at the furnace 1 have deseribed.

But to discharge sewer-gas into streets nnd honses by what is
called “ventilation of sewers,” is, in my opinion, onc of the

rossest misconceptions of true sanitation and common-sense that it
1 possible to commit.

Yet certain Sanitary Authoritics commit this mischicvous act
every day, and are unable to comprehend that discase and death
can come as the result.

If you will allow me, I should like to mention one more point of
importance before I conclude.

At given distances along the pipe that conveys the eflluent from
the cistern to the sewers, hydrants should bo placed.

Anything like an overflow, or excess of cffluent, would thus be
prevented.

From those hydrants water conld be drawn as necessity required
to water streets and roads—in many cases to the saving of large
sums to the rates.

From these hydrants water could also be conveyed for the service
of water-closets, for washing carringes and horses, and for garden use.

In case of fire, too, these bydrants would always be available
adjuncts to extingnish it, and could be employed also for many
other purposes.
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You aro aware, too, that at the Socicty of Arts and other learned
socictics, there have been frequent discussions on the possible defi-
ciency of our NATIONAL WATER SUPPLY, and s Rovar Micuxness
1iE PriNce oF WALES initinted nction on this important subject at
the Socicty.

Well, now, surely it is a rule prudent people should adopt when
tho ordinary sources of supply of an narticle of necessity are likely
to bo deficient, to fake care that the supply already possessed
should be cconomized and used in a way to prevent future possible
want.

If that be true, then I say it is n suggestion for good to disposo
of purified cflluent in the way I propose ; for not only would such
disposal ndd to our present national water supply, by saving the
consumplion of waler in ordinary use, but, taking the aggregato of
fowns, would represent an amount of money saved to the rates that
very few persons have imagined, extending no doubt to several
millions & year,

It will probably be inferred that, taking the average of seasons
and the general character of land, it will be better, cheaper, and
more fertilizing to deprive sewage of its cflluent before it is applied
to the soil.

I grant that there are in the Fastern counties and other places,
somo loose textured soils, to which sewage may be applied at any
time, for in its natural state sewage is undoubtedly an agent
admirably adapted to renovate a poor aud thirsty soil.

But such soils are the exception and not the rule.

Even on these soils great advantage must necessarily result to
the cultivator by having an unspoiled, unadulterated, natural
manure, equal to the best guano, ready prepared to apply to the
land at any time, freed from the noxions power of generating weeds
and deleterious insects,

For although plants cannot absorb manure in its solid and dry
state, but must have that manure dissolved by rain or other means,
it is impossible to apply crude sewage to land in any quantity in
such a summer as this of 1879, if due regard is to be had to the
sanitation of the district where sewage is so applied.

The larger the quantity of sewage in its crude state that is
applied to land, the more must be the evaporation from that land.

Consequently, the greater the evaporation the greater must be
the dissemination of noxious matter thronghout the atmosphere of
the district.

If that be not tho case the character of sewage as o poisonous
agent has been much maligned, and it cannot be hurtful.

But facts and experience prove tho contrary.

To sum up, then, I would say that no mode of draining and
utilizing sewage can be worthy of NarioNaL regard and acceptance
unless 1t be able to dispose of sewage by turning every part of it to
use and profit, without discharging anything into river or sea.

It must also be able to dispense with the application of crude
sewage to land except under special circumstances; must be able
to destroy sewer-gas—exclude it from houses and streets, than
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which nothing is casier if right means bo ndopted ; must nlso
provent the reproduction of sewer-gas, and by abstaining fromn
spoiling sewage, keop tho sowers clean. ]

No system of suultntmu,l_ contend, will bo worthy pf national
rogard unless it can accomplish ono and all of these things, and 1
am sure that the process I havo patented can,

W. IHevrsox DENHAM,
§0C.COLLCHIR,, 8.F.M, FLS, F58, MS.A

A paper was read for Captain Licrnur, in }\'hich he uxplniucd his
svstom and his own views upon sewago disposal at considerablo
length. The paper is too long to jusert in full; wo must therofore
confino our notice to tho discussion which followed. .

Mg, DoxaLpsox expressed his surprise that the system of Licrnur
still found advocales in England. Tlhat system was not in reality
a system for collecting and disposing of the whole of the polluted
intter of an iubabited avea, hut a system for collceting only those
ingredients which were richest in maferial v:‘uluc for the purpose (-:f
making a manure called poudrctte.  'Tho inventor now called hig
system tho double conduit system. The one conduit is {he cast-
iron pncumatic tube; the other is a gravitating sewer, dlsc]m‘rgmg
the wholo of its contents divectly into the neavest stream. | Every-
thine calculated to make the manufacture of pourh:c!!c: diflicult and
costf’y is to be excluded from the pucumatic cqndm_t and sent away
by the gravitating sewer. Amongst tho polluting liquids to be sent
dircetly into the river, Captain Liernur himself enumerates the

ollowing : o
: @) 1§anufuctory water, cleancd by those who soiled it ;

(b) Kitchen water deprived of all s_;nspcmled.mnltm- :

(c) Bath and household water (minus sleeping-room wash water
and feeal matter) in its natural uncleansed condition. .

That is to say, every manufacturer must successfully purify all
his liquid filth on his own premiscs; and every drop of llpm:-elml(l
filth, including soapsuds, with the exception of ]!ouscmmds. slops
and frcal matter, is to be discharged dircetly 1}1to‘tllc 1'1\'91'!!
Such a system can never be adopted by any town in Great Dritain

d. _
an%ifx;i]l:{:dly speaking, the cost of Licrnur's double conduit system
is more than double that of a duplicate gravitating system m which
the rainfall only is admitted inta onc sct of sewers where the
natural features of the ground are favourable, and is also in all
cases more than double the cost of a_duplicate system of scwers
when the sewers proper are designed in luccm_'dnncc with the prin-
ciplos of Shone’s ejector system.  Captain Liernur states that the
cost of the whole of the works at'Amstcrdnm for collc(itmg the
sewage has averaged aboub 24s per linear yard of street. The pou-
drette works, nearly finished, will add Gs per yard more, or together
30s per linear yard of street for the pncumatic system. His estimato
for the second conduit, 20s a ym'(!, seems high, but as this scwer
has to convey ali houschold slops, it must be Jaid deep enough to
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drain collars, and must he of the same lengths as the streets, Tf
Stone's ejector system achieves success, which Mr. Donaldson is
confident it eannot fail to do, nothing larger than a Y-inch pipe wilt
e requived, and the sewers, replete with every modern scientific
requivement for ventilation and flushing, can be built for 10s a yard.
Tnn n seheme prepared by Mr. Shone and himself for the drainage of
tambridge, recently submitted to tho Commissioners of that town,
the estimated cost of the cjectors, mains for air and for conveying
{ho sewnge ouiside the limits of the borough, engines, air-
compressors, and buildings, was a little under £16,000, which in the
caso of Cambridge is about 8 per head of the population, and about
Gs poer yard of strect, As rain water only is to e conveyed in the
most direct way into the neavest outlet, the sewers for this object
will be shallow, and their lengih probably not more than two-thirds
the tolal length of the strects; so that 6s per yard of street will be
an ample eslimate, including cost of gullies. A duplicate set of
sewers, designed in accordance with Shone’s system, would thercfore
cost about 22s per yard of street,  Captain Liernur’s estimate for
his own duplicate system is 50s.

V. C. Sinar, of Blackheath, said that it was difficult to
separafe {he agriculiural from the Sanitary aspect of sewage treat-
ment, and that scemed to be the reason why the manurial value
enfered so Jargely into the discussions of this Institute.

There was, or ought to be, no doubt that sewage contained great
agricnltural valne; and evidently it was only carrying oub the
intentions of nature in giving back to the land that which the land
had fivst given to us.

It secmed to be necdless to enlarge upon the products of a sewage
farm. Shame upon them if they did not produce marvellons
results, considering that they applied to a few acres the manurial
wealth that ought to serve to enrich many hundreds. Still the
difliculty scemed to remain of preserving in a proper form the
sewage deposit without injuring it.

It scemed to be an aceepted fact that sewage treatment could nob
be made to pay. That might be, but there was no reason why the
sale of the deposit might not greatly reduce the working expenses ;
but this wonld depend upon the fact whether or not there was a
market for the manure.

Anticipating that this question would be brought before the
Institute, Mr. Sillar said he had taken the trouble to write to the
manager of the Sewage Works at Aylesbury, asking how much of
the sewage deposit of that town remained on hand now—after the
three or four years that the treatment of the sewage had been
carried on—and he had veceived the following reply i—

Sewace WoORKS, AYLESBURY,
October 22, 1879,

Desr Siz,—In answer fo your inquiry I beg to inform you that
at present we have no native guano in stock, our orders having
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158 ENGINEERING AND SANITARY CONSIRUCTION.

entirely cleared us out; and T mny mention that we have orders in

hand for all wo can make up to tho end of April next.
Yours faithfully,

(Sigued) 1. StevENs, Seerelary.

Ono fact was worth more than mueh theory, and this tetter
proved not only that thoro was sale for the manure, but that it
would Dbear, and bear well, the expense of carringo {o a distance;
a fact stoutly denicd by many sowngo aufhoritics. And, morcover,
it would De interesting to know, that this manure wnd targely sent
abroad, not only to tho vineyards of Franco nnd Ttaly, but to the
coffee plantations of Ceylon. Indeed, the report of its efficacy in
arresting tho ravages of phylloxera among the vines was most
rematkable, and, althongh it was premature to say that it was an
infallible remedy, all the evidenco received ns yeb wns encournging,
though a sccond year's expericnco in confirmation was desirable,
\Whether this is received or not, there can be no doubt that tho
manure bears not only agricultural value, bt very high ngricultural
value, and this may be verified by any ono interested in the subject
by a trinl on any seale, from a single flower-pot to a lavgo farm; and
whilst on this subject ho might say that whatever valuo was in it
was from its own intrinsic qualities, and not dircetly or indirectly
from any addition of fertilizing matter.

Ho submitted that the works at Aylesbury were a practical
solution of the problem, and open to the inspection of any inquiry;
and there, where tho sewage was heing treated day and night
continuously, without offence of any kind, the value and character
of the resulting manure was not only a practieal solution to n great
difiiculty connected with agrienltursl depression, but also a solution
to at least onc-half of the Sanitary question.

On Heating and Ventilating,

Tus paper advocated a method of heating buildings by bringing
in air at a high temperature through a large opening about seven
feet, from the floor. Immedinte diffusion under such circumstances
was said to take place, so that thermometers placed in various parts
of the nir-space rend the same, irrespective of distance from the
cource of heat. The foul air was proposed to be taken out by
openings near the floor (on the supposition that it was rendered
lieavier by vitiation) and carried up by tubes in the walls and the

roof, and then discharged.
C. HENDERSON.

Observations upon Effective Ventilation.

A House-pweLLixG should afford us shelter from wind and rain,
and, while enabling us {o obtain comfortable temperature, should
not deprive us of pure air for breathing.
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Tho ordinary house-dwelling certainly provides us with shelter
but the requisite temperature, and the pure air, are obtained
wastefully and with life-lowering insniliciency.

The warming and ventilation of buildings is an inirinsically
diflien]lt subject, requiring unusual thoroughness and compre-
lensiveness in experiment,  An illustration of the danger proceed-
ing from tho negleet of strict experimental investigation was
afforded by the very general misconceplion with regard to tho
work performed by cowls in ventilation, which prevailed, until the
President of this Scetion, with his colleagues upon the Ventilation

sommittee, published the results of their experiments at Kew.
1t is to be hoped that the very great public benefit, conferred by

{hat investigation, will not be limited to the dispersion of the
unfounded pretensions of the cowl supporters, but that it will
inspire an attitude of sceptical inquiry towards ventilating appli-
ances, in general.

Perhaps, also, o luck of precision in language has contributed to
obstruct our progress.

I may mention the word * dranght” as an instance of this. In
tho popular sense of the word, a draught means a stream of air of
highly uncomfortable and dangerous quality, and generally we find
the effect of movement in the air and the impression derived from
its quality are confounded one with the other !

Air perfectly at rest—stagnant air—though its quality may be
grood, is not agreeable to us, and perhaps not healthy.- Mere move-
:1‘lcnt in good air is agreeable and stimulating ; fanning is so.
Thus, in ventilation, a current or draught is distinctly an object to
be aftained, but of course the draught must consist of pure air
agreeable in temperature and in other qualities. ’
_ It will be pradent for mne in order {o sccure a meaning identical
in yonr minds and in mino for the loose expression, ‘‘ the ventila-
tion of houses,” that I should at the outset explain my own under-
standing of it; I will, therefore, define the ventilation of houses
to be the maintenance of the atmosphere of @ diwelling in that condition
of purily, temperafure, movement, and moisture which is found to be
most agrecable to its inhabitants, and most conducive to their health
and vigonr,

I think this definition is sound, although it goes beyond the
limited sense in which the word is nsually employed. Tho many
modes of ventilating at present practised may, I think, be classified
as belonging to three fairly distinet principles.

Ist. Wo have ventilation by the natural or spontaneous method
or, as I prefer to call it, ventilation by the EXTERIOR WIND AGENCY. ,
_ 2nd. We have ventilation by the operation of gravity obtained
I ventilation by 5EAT AGENCY.

3rd. We have ventilation by mechanical appliances, as blowers,
fam;, or pumps, which may be deseribed as MECHANICAL AGENCY.

. Ventilation, dependent upon the EXTERIOR WIND AGEXNCY principle,
is the form commonly employed for the introduction of fresh air
into housc-dwellings in this country. The appliances for it are
various in character. Among them are very numerous contrivances
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160 ENGINEERING AND SANITARY CONSTRUCTION.

applicd o holes in walls of buildings. To this prineiplo also
belongs the intvoduction of fresh air by tubes which convey it inlo
the interior of dwellings in a manner to eauso tho least aunoyance
and discomfort. Tubes for extracting air open ab the top, or
surmounted by a cowl, whether nsed in conjunction with somo
mode for admitting exterior nir or not, must also Do placed in
this class.

I mn well aware that in many of these contrivances the netion
claimed for them as procecding i)y their operation, from difference
in temperature between interior and exterior aiv, does take cffect
to somo extent, but sueh nction is altogether inconsiderable when
compared with the influence exerted by the exterior wind currents
to which the tubes are exposed.

It is onc object of my paper to ask your earnest consideration ns
to the valuc and expediency of relying at all upon the forco of
nataral wind currents for o supply of air for hreathing purposcs,
and it would be a great step in advanco to acquire clear views upon
the merit, of this form of ventilation.

A leading cowl manufacturer in lis prospectus says that the
wind has an average velocity of 10 miles an hour in this countyy-—
it is casy to cnlculate an average, but to bo of use for ventilation
that average speed should have a reasonably endunring continuance,
it should represent a normal condition of thc wind force—the wind
in this country actually varies from about 1 to 30 miles per
hour, however seldom such extremes may he touched.

For the ventilation of sewers, cellavs, and for what I can best
describe as air-cleansing work, the fitful, but from time to time,
powerful and thorough sweeping obtained from the full force of an
exterior wind current, is most valuable; but our respiratory
process is regular and uniform, and something like a corresponding
uniformity in the' quantity and quality of the air supplicd to our
dwellings is required by us. 1 this be conceded, I submit that the
admission of the force of wind currents is pernicious, and must
frustrate the attainment of reliable and uniform ventilation.

Ventilation on the second principle, by HEAT AGENCY, is a great
improvement on that obtained by exterior wind agency ; but if
applicd to extracting air by chimney dranghts, the admission of aiv
is usually allowed to depend upon appliances lavgely controlled by
external wind currents.

Tn summer the plan of propelling air hy heat ventilation cannot
woll be carried out, and the stoves devised for it nsually operate at
that scason of the year npon the external wind agency principle
with its inaction during the hot calms of summer, and cxcessive
action when the natural leakage of our houses introduces air
enough.

I believe it is by the employment of the third principle, that of
MecaaNicAL Acexcy, that we can alone become masters of the
situation—able to introduce air at any required rate, and, at the
same time, do very much towards raising its life-sustaining value.
By the use of fans, blowers, or pumps, the quantity of air
admitted is placed under casy and immediate control, and its
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condition can be modified so as to bring it to n near approximation
with any desired stundard.  As tho object 1 had in view when
commencing some modest experimentation, was fo oblain the means
of infroducing air suitable for respiration, and of regulating the
supply of it al will, T havo concenirated my attention on the modcs
of employing mechanicenl ngeney.

T'o furhish power for blowing or pumping air into Jarge buildings
is simplo enongh; but its application to the needs of priv:ﬁm
dwellings in a manuer sufliciently simple, automatic, and inex-
pensive, is surrounded with cousiderable difticnlty,

e ordinary means for the application of power appeared ineapable
of furnishing a flow of cnergy in a form sufliciently nitenuated for
a machine reguired to do work as undeviating, and as constant as
the process of respiration within ourselves. The descent of heavy
weights, governed by clock-work movement, affords an arrangement
by which a considerable nmount of cnergy can be stored and
liberated with uniformity at any desired rate.

A descending weight of one ton might run in a sha{t by the sido
of & house from the top {o the hottom or from the basement down.
wards in a tube to any convenient depth, or by combining the two
a vertical fall of many fect would be obtained. The weight could
he r.mscd by multiplying pulleys by hand power, or by apy form of
engine, steam, wind, hot air or gas, but by using gus or hot air
engines, it would probable not be difficult to contrive some continuous
automatic arrangement for starting tho engine to wind up the
weight. 1 have made trials in ventilation by using the fall of a
weight (2 ewt.) descending 30 ft. in conuection with small fan
blower for the ventilation of a reom, and I have also tried by means
of the same machine the ventilation of a numbher of enclosed spaces
representing in arrangement the rooms of a house, A mode by
which power of o similar nature conld be obtained might be devised
by cmploying two _cylinders of capacity sufticient to give the
required forec, runming over pulleys, made to fill automatically with
water at the highest cistern of the honse, and to empty themselves
into n lower cistern. The two cylinders would rise and fall
alternately o ns to offer o continuons exertion of power.

My results so far have been encouraging, but 1 am sorry to say
that” they are not as yet in o form which 1 could conveniently lay
hefore the Section, though I hope npon a future occasion to place
some definite resnlts before the Saunitary Institute. A plan has
heen patented by Messrs. Verity and Co. in which a very small
strcam of water from a cistern at the top of a dwelling-house, or
dircct from the Water Company’s mains, gives motion to one or
more blowers. Wherever water is available, and the amount of
ventilation required is small, this plan is exceedingly convenient
and inexpensive, )

Hot-air engines and gas engines are now manufactured for
machinists of a power low enongh to enable them to he employed
!o give dircet motion to a fan or blower without the aid of any
intermediary. By using hot-air engines leated by gas a consider-
able, down to a very small, exertion of power “ean be obtained,
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162 ENGINEERING AND SANITARY CONSTRUCTION.

which, with some precautions, may be expected to act with the
permanent and regular motion absolutely necessary in any arrange-
ment for house veutilation.

After giving n goold deal of consideration to tho subject, and
working at it in varvious ways by experiment, T eamo to the con.
clusion that we should not siwink from endeavouring to grasp, for
an apphication to domestic buildings, the teaching afforded by the
rosults of tho best exnmples of ventilution in this country, such ns
{he Houses of Parliament for instance. In short, that opportunitics
presented by a thorough and completely controllublo system of niv
cirenlation should be utilized to the utmost, niming at more than a
mere replacement of breathed by unbreathed air

Ture air united lo the climatic conditions wmosl agrecable and desi-
rable for us is what is wanted.  One precess shonld enable us, in winter
time, to sccure @ swmmer-like cowlition of air, as well as to muin-
fain « high standard of purvity tn it throwghout the whole of our
dwellings.

Nothing but long habit could reconcile us to the extraordinary
barbarism of the present ordinary provision for house heating.  In
cach room we have a small patel of Tieat and a large space of cold,
go that the arrngement of the dinner table and how to sit at work
in one’s study become problems it js impossible to solve; but such
riddles are loss sevious than the important household question ns to
what condition or period of life, ov what infirmity in health, con-
stitutes a valid claim for the indulgence of a fire in the bedroom,
The air of half our rooms is that of a cross between the ntmosphere
of n marsh and a glacier, and many of us leave a warm drawing
room to undress and slecp and dress in the morning durving winter
under circnmstances of pain and peril. - Our houses surely cost us
money cnough to build or to rent, why should we not keep the
whole of them in a habitable condition ¥

The labour, much of it of a very heavy and disagreeable kind,
necessary for the average number of fires required in a large house
is probably cqual in the agercgate to the time and care which
would suffice to produce with the proper appliances, any desirved
climatic coundition throughout an entire house; and though the
amount of attention required to carry out warming and ventilation
in the form I contemplate may be too considerable for application
separately to small houses, why could nof such houses, if butlt in rows
or very near together, be supplied with pwre air and swmmer climate
from one source, taking precautions to preveat the loss of heat Ly the
employent of non-conducting conls for the wain pipes.

The important item of saving ctfccted by the avoidance of the
destruction caused by stoves and open fires to the furniture, carpets,
and hangings, must not be left out of consideration.

In point of oviginal cost it is probable that the numerous stoves,
with all their attendant parvaphernalia of mantiel-picees, fenders,
hearths, &c., in a house of {wenty rooms, would cost as much in
the first instance as (he machinery for heating and ventilating,
while in planning new buildings the arrangements for such a form
of ventilation would not add maferially {o their cost.
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I intend to apply theso viows to some buildings of different
requirements 1 am about {o erect. My endeavour will bo firstly
dirceted toward nieans by which the air used for civeulation shall
be endowed with qualities which will make thoso buildings com-
forlable and healthy at all sensons.  Tho air will enter freely into a
Iarge chamber in which tho whole of the appliances for heating the
air, moistening it to obtain an agreeablo dew-point, filtering it from
dirt and blacks, and finally despatching it, by means of o blower
or other mode, nt any desired speed, will bo carried on.

Tho defails of nrrangement for the eirculation of air ave, in somo
respeets, those already well known, but in others they aro of a
special character,  Great preeantion is necessary to avoid any risk
of injury to the quality or agrecableness of the air from the modo
of hieating it; but u chief causo of the difference experienced in the
quality of air heated in various ways will commonly be found to be
attributable to a neglect of its dew-point.

In conclusion, 1 submit that in experiment in ventilation we
should keep in view, as desivable of attaimment, the following :—

1. 'That the force of the current, tho rate of supply, and quantity
of air supplicd for the purposes of ventilation of dwellings 1nust
be entirely under control.

2, That the quality of all the nir supplied for ventilation of
dwellings should be capable of easy approximation to any condition
O]f temperature and moisture deemed desirable at any scason of
the year.

3. That greater influence should he exerted upon the circulation
of air in dwellings by the apparatus for procuring inflow than by
the means for outflow of air.

H. C. STEPHENS.

Ventilation: Position of Inlets and Outlets,

. My object in introducing this subject, which is of the greatest
importance if we want perfect ventilation, is that we may have
bronght hefore us such facts as are necessary for arviving ab a right
conclusion on this point.

In the first place, let us see what it is we desire to do. The
products of respiration are of such a poisonous character that it is
absolutely necessary that they should be allowed to pass away;
then we lave a certain amount of moisture and organic matter given
off from the human frame whicl, when inhaled, has a most depres-
sing effect upon us; and lastly, thereare the products of combustion
from lamps, gas, and other sources. The object of ventilation is
to get rid of these, and to supply in their place pure nir for our
further support; for without this fresh supply man would be unable
to perforin his daily work.
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Now these products have all one fenturo in common: they have
all been warmed, and are consequently lighter than the atmospherie
air which we wish to introduco and which tends, in consequenco of
its greater weight, to press them upwards.

This fact alone points out the mnatural and most cconomical
method of procecding.

Besides what T have just named there is another elass of products
which demands our most careful consideration at the present time,
and which it would not be wise forns ng Sanitavians to overlook. I
vefer to the volatile emanations met with in luml:i{ul wards, ('s\m-
cially theso sct apart for infections discases; it 18 most desirnblo
that theso germs of diseaso should bo cavried nway as speedily s
possible, and with the least opportunity of contaminating tho nir of
the rest of the room, and more particularly thut which hns yet to
be breathed.—See De. It Angus Smith (*Air and Rain,” pp 401
and 492).

1 tlink it must bo clear 1o nll thonghtfnl minds that the top of a
room is the proper place for the outlet; this has heen practically
acknowledged, the difference of opinion varying moro on the posi-
tion of the inlets. The general objection to introducing nir at tho
Lottom of an apavtment is the drought which has to be encoun-
tered. There have been many ingenions methods devised to over-
come this difliculty, or rather to shirk it by endeavouring to obtuin
the same result by a roundabont process; they consist of various
contrivances for admitting the air either at the windows, the sides
of the room, or at the {op; in every case nhove the breathing point,
and with an expectation that the aic wonld bLecome diffused heforo
reaching the people below. The ohjections which it must be plain
apply fo all these systems of introducing fresh air above the breath-
ing point are these :—

1st. The diffusion is not always complete, the air often coming
down in one column, to the inconvenience of those beneath,

9nd. When the air is admitted necar the outlet, it is apt to he
drawn out at once with the vitinted air; it may cause a little
cirenlation at the top of the room, but leaves the bottomn part
ncarly stagnant. .

3rd.%(And this T consider of the utmost importanee.) The incom-
ing air while becomning diffused with the aiv of the room is in
reality undergoing a mixing process with the vitinted air which is
ascending from the occupants, so that you cannot in this case
oblain pure air, but a mixture of pure and vitiated.

In a room where you ean admit a very large quantity of air at
abont the same temperature, this is not objectionable (except in
hospitals, where in mo case should the air be admitied above the
beds, when it is intended to cary it away at & higher level), but
this mnethod becomes n very expensive one when the air, as in
winter, is of a much lower temperature, and it is desirable to venti-
lute o room with the least quantity of air possible. .

My investigations and experience have led me lo the coneclusion
ihat the air can be admitted in ordinary cases at the bottom of the
room, below the line of vespiration, and that without ihe slightest
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inconvenience,  This I helieve to Do the natural system and
cortainly the most ceconomieal, ns well as being the one which
gives the most satisfuctory results.

During the last winter, which was an exceedingly severe one, 1
infroduced aiv direetly into a number of rooms by the skirting
having cone-shaped openings,  These were not  supplied with
valves, so that in no caso were they closel, neither was the air
warmed by warming apparatus, and yet it did not attract attention
or elicit the least complaint,

If the current of wir bo reduced in its velocity by being duly
veguladed, or, what is hetter, by the shape of the openings “which
canse it (o bo quickly diffused, then it ean he admitted at & much
lower femperaturve than is otherwiso practical.  This may even be
carvicel to the extent of it entering ab freezing point, as I have
proved for weceks together, without experiencing any uupleasant
movement.  Further, tho air at this position may be readily
warmed Dy hot water or steam pipes placed in front of the open-
ings, without that dryness which is felt when it is passed through
a hieated chamber, >

J. E. ELuisox,

Sz Axrtoxio Bravy next gave some explanations of how his

house is provided with warm air,
_ Dr. pe Cususoxt mentioned that the bricks with conical open-
ings, deseribed by My, Ellison, had been placed in the wards of
the General Lying-in Hospital, York Road, Lambeth, under the
supervision of Mr, Iassie, c.i., and himseclf, The plan seemed
to promiso well as o means of renewing air withont dranght
and introducing it in the proper part of the room—viz., Delow
Sufliciently high temperature would have to be provided by hot
water pipes over which the entering air would pass; at the same
time these openings would, like any others, be subject to the
effcets of wind, and might become outlets if they happened to
be to leeward.

The Presipent said that the plan of introducing warm air by
means of the kitchen was good for small houses, and was sugeested
by Mr. Tredgold, bat thought it could not apply so well to largo
houses. e then called for a voto of thanks to Mr, Erruisox; who
m 1'.cply, stated that he did not objeet to the fresh nir’ bcinr;
admitted into a room above the breathing line when yon could
afford to introduco a large quantity of air ab nbout the same tempe-
rature, though this arangement has the objection that the fr(lesh
air becomes contaminated by diffusing with the vitiated air at the
higher part of the room; but in cold weather, when it was not
desirable to admit more air than was strictly necessary, the besb
resnlt was obtained when it was introduced at the bottom of the
}i?lo.m, and tho vitiated air allowed to make its egress at the ceiling.

s was most in accordance with natural law, and therefore the
lllerl‘]l()(] which, when possible, should in all cases he adopted.

Tug LPrusiprxr made some remarks showing that the best means
of venlilating huildings is a very ditticult problem, and suggested
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166 ENGINEERING AND SANTLARY CONSTRUCILON.

a plan for introducing fresh air under the floor to the grate, and
g0 warmed before entering the voom.  On the whole, the President

agreed with Mr. Ellison.

On the Necessity for an Improved System of Ventilating,
Hoating and Cooling Crowded Human Habitations
or Places of Assembly; especially in Hot Seasons

or Climates.

Ilustrated by an coeample in the shape of dda iled plans of «
Model Buarracks,

FritoMe.

Ty first half of this paper is devoted to showing up the mistakes
made by architeets pretending to understand  tho ** Exhaust
System,” ns they phrase it; yet everywhere making atr-passages
that do not exhaust foul air, but contrariwise admit fresh air, too
often when and where it is not wanted and fur above {he necessities
of the case. ] '

The last half is simply a statement of the leading points of tho
internal arrangements for heating, cooling, wnd ventilnling, as
seen on inspection of the plans. .

[The plans were exhibited and described].

Jonx BALBIENIE, M.A., M.D.
Member of the Couneil of the University of C(lasgow.

Dr. Balbirnie’s paper was illustrated by a numerous set of
diagrams, but time would not allow of an explanation of lh(_-m all,

At the ond of his paper, the Cuairvax called upon Dr. pE
Cnacmont, who spoke nt some length, and pointed oul many
difticulties in constructing barracks on the plans suggested by
Dr. Balbirnie. He paid a tribute of praise to the great care and
labour bestowed upon the subject by the author, as shown by the
claborate diagrams he exhibited. 1le evidently had the improve-
ments of barracks, hospitals, schools, &e. very much at ]wart-,‘and
had worked at the subject with entlusiasm. At the samne time,
Dr. de Chaumont did not think that the plans proposed would
accomplish the desired end. It wasa return to the construction
of vast palatial buildings which experience had shown were l:roth
very expensive and also unmlyisnb]c ina .S:milary point of view.
This was cspeeinlly the case in the tropics, where the health of
troops had been found to be greatly improved by scattering the
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foree in small Daildings over n wide area.  The arrangements of
the individual vooms in Dy, Balbirnie's plans were objectionable,
as they wore side by side opening offt a corridor.  This resembled
the wrangements of the permament barracks at Aldershot, which
Dr, do Chinnnont haed himself shown to be unfavourable for ventila-
tions il also resembled the mode of construction of Netloy Hospital,
the disadvantages of which he hatd duily opportunity of observing.
De. Balbirnie's plan of ventilation, consisting as it did of an
exhaust shaft, sonething on the plu of Sir J. Jebb as employed
in DPentonville Prison, was one which could not be recommended.
De. de Chaumont hied practically tested the ventilation at Penton.
ville, mndd had found the result not satisfactory : the cells near the
shaft were noderately well ventilated, whilst those further oft were
Iess so, amd at the end of a wing the influence was practically »il,
AU present, independent ventilation for each room was apparently
the best for barracks, and is undoubtedly essential for hospitals,
the principle of whose ventilation ought to be the complete
independence of each separate ward,

The Cuanemax then ealled for u vote of thanks to Dr. BALBIRNIE;
which he acknowledged, and replied to the remarks of Dr. de
Chaumont, contending that the barracks he had proposed were in
all their Sanitary nrrangements, ventilation, heating of rooms in
cold climates, and cooling them in hot countries, based on and
in strict conformity with scientific principles enunciated by a
Committee of Hygicne appointed in Pavis for the service of the
hospilals—that Darracks implied and required precisely the same
Sanitary conditions. The grand factor of a perfect ventilation was
au “exhaust” chimney, or aspivation maintained by heat of fire or
gas jets in the cheminde d'appel.  That architeets in England had
but “very partially furned their atiention to this; and scientifio
men wete prejudiced against it—entirely without foundation. The
day would come that his plans of barracks, Board school, and
hospital wonll be hailed as an immense improvement in all respeets
over the best buildings of the sort ever yet constructed.

The Necessity for a Permanent Registration of
House Drains.

Tue eforts of all who appreciate and promote the great branch
of our art termed “Preventive Medicing” are directed towards
crealing thronghout the length and breadth of the land a systematic
control over all agencies and mecans known to generate or spread
disenses which ought not to exist. The lower and middle classes
have yet to learn lo identify these discases as results from their
own infringement of nature’s laws; but in this assembly no
demonstration is needed to justify the assertion that for conveying
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from honse to house, and consequently spreading from individual to
individual, some of the most to be drended disenses, no agencey is
more powerful than defective sewers or house drains.  Being so
potent for evil they rank as one of the most important parts of a
dwelling-house, and it follows that the aim of Sanitavinns shonld bo
divected, not aloue toseenre a high degree of perfection in constrne.
tion, It to provide means for subsequent supervision - Admimblo
asare the regulations of the Loeal Government Act, it stops short of
this latter point; it provides that plans of all new buildings must
bo submitted to the vestry or loeal nuthority; these after
discnssion by committee ave further exnmined by the distriet
surveyor; if he approves, the work is inspected, passed, and there
supervision nnd record ends; the building when ereeted changes
hands, possibly balf-a-dozen times in ns many years, and all
remembrance of the conrse and position of the muiu drain is lost,
No need may arise for inguiry on this point till possibly sickness
juvades the house, sicknuess of such a type ns to canse the medical
man to inquire, * Can there be anything wrong with the draing of
this house " * Can theve be any defeet of construction, or is there
any weak point which the time clapsed sinee the building was
crocted has developed 27 The extent of information obtainable ig
in many cases reached by the master of house replying, *Oh, 1 don’t

1ut not nlono would it benefit one in possession, in the event of
secking to disposo of n dwelling-house, what an advantage for a
hesitating  purchaser!  Unquestionably he would much prefer
accepting ono with which ho received a cerlified copy of the
drainnge scheme, and on which he might obtain the opinion of a
competent Sanitary engineer,  Again, in the case of an epidemie
invading n district, and necessity avising for a Government inquiry,
what an immense assistanco it would be if the commissioner or
board of inquiry could have placed before them certified plans of
the drainngoe of every house in the distriet under exaniination,

It may boe ohjeeted that if this proposition were carried out, great
spaco would be required to lodge all the documents ; that as there
aro about forly thousand houses and warchouses erected annually in
London district alone, these plans accumulating annnally would be
cambersome.  'his is an objection which can carry little weight in
comparison to tho probuble good. A central establishment might
receivo the records every five years, and the local officials keep
outlines of same on Ordnance maps for daily reference.  As to the
ontlay, it might bo met by a slight fee for registration, and also for
subsequent examinations, which feo might be increased according
to tho number of years clapsed since the first vegistration Wi
received.

S. Parsoxs-Ssith, M.K.Q.C.P., L.R.C.5.1

think there can be anything wrong; I was assured by my predecessor

all was perfectly right.,”  But where does the house drain run ? Ay,

ahere ? does it pass ander the house? down the garden into the E

main sewer in front ? or into the drain of the neiglibour’s house on

the right, or that on the left 7 Cannot tell! Where are the plany
of the house ?  Gone the way of all plans; nothing for it but dig, |

root, and explore in the most probable position, to the great 3

detriment of garden, pleasnve grounds, or such like.

. Now this is not as it should be. ‘T'he health of a house depends :

| i on the drains being pure; they must, from the nature of things, he

! 8 hidden from sight; they will at some time or other requive to e

N opened, therefore there should bhe a permancnt record of their

L position, corrccted at any time of change or alteration,  The

AN machinery for this is at hand. The plan to be effected must be e L

R compulsory ! It is, that the local authority, vestry or board J

A provide and keep up a perntancnt reyister of all drains, pipes, mul

e channels of communication between a building and the sewer into

g L which it drains, When the district surveyor approves the plan of

Pl a new building, he should append his signature to it, and this plan

- should then be inserted into & book, with a proper index, and

retained for reference in the office of the local authority ; hall o

dozen lithographed copies of this ofticial plan should he handed to

the owner of the property, and he should be required to aflix one of

these copies to the lease, agreement, or whatever form of document 7

‘ conveyed possession of the building to another, ; S 1)

i By 1his means the owner of a house conld ab any time snbsequent, A

RN to the erection, ascertain without diflienlty the exact position of the ' Sy

N i i drgins, and know precisely where to direet operations for examina-

*i L : tion of the siune.
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