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PREIFACE.

+

Trne papers reproduaced herein were
prepaved to be read before the American
Public Health Association, and the Publie
Health Association of New York.

It has Dbeen thought unnecessary to
modify the form in which they were first
presented.

The paper on Country Houses led to a
lengthy correspondence in the Admerican
Arehitect and Building News. This corres-
pondence 1s reproduced nearly entire, as
affording the best presentation of my own
views on the subject, and as meeting objec-
tions which arve likely to arise in the minds
of those who have given it only casual at-

tention.
G.E. W., Jr.

NEwponrtT, R. 1., June, 1877.
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THE

BANITARY CONDITION
OF

COUNTRY HOUSESX

Tae sanitary defects of the average
conntry-house are due to ignorance.
Had the architect who built 1t been stim-
nlated to learn what is required for a
perfectly healthful condition, he would
of course have been, in every case, vigl-
lant to secure it. Did the physician
know, except in a vague and theoretical
sort of way—that is, did he fully realize
—the degree to which the ailments he
contends against, and which he should
be vigilant to prevent, are diseases due
to removable causes connected with the
construction and arrangement of the

“A paper read before the American Public ITealth
Association, at its meeting in Boston, 1876, by George
E. Waring, Jr.
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dwelling, he would insist upon a re-
form.

Did the householder himself know
the extent to which his own efficiency
and the health and lives of his family
depend on an observance of the less ob-
vious sanitary requirements, he would
demand that both architect and physi-
cian should inform themselves as to the
needs of his house, and should secure the
fulfilling of those needs.

By far the greatest number of coun-
try-houses are farmhouses, laborers’
dwellings, ete.; and these are not less
subject to sanitary criticism than are
those of the better class, though their
defects are mainly of a different charac-
ter, and relate more to the grounds
about the house and to its water-supply,
and to the condition of its cellar, than to
the arrangement of its interior drainage:
Indeed, in nearly every case, these houses
have no interior drainage at all; and
such reformation of their character and
condition as is needed, will be sufficient-
ly indicated in considering the better
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houses. Unhappily, so far as the oceu-
pants of these farmhbouses and cottages
are concerned, there is little hope that
any considerable improvement will soon
be undertaken, or indeed that any thing
we may say here will be heeded,

Until we can convince the country
physician that his most important obli-
cation to his community hes in a super-
vision of the conditions under which it
lives, it is hardly worth while to waste
breath upon the average members of
that community. We may accumulate
evidence asto the fatal effeet of prev-
alent carelessness and filthiness in the
cellar, and in the soil about the house,
until we are tired of making quotations ;
and, for every instance that we bring
forward, of a death from typhoid fever
traceable to the use of poisoned well-
water, the farmer will produce a hun-
dred cases of persons who have always
used water from wells standing in barn-
yvards or close to privy-vaults or cess-
pools, without suffering.

The action of poisoned water is less
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direct than that of a well-aimed rifle ;
and its effect, where there is any effeet,
is slower and less obviously connected
with the cause than in a case of poison-
Ing by arsenie.  We can hardly hope to
convinee the common man of' his error,
and induce him to spend money, and to
put himself to considerable personal in-
convenience, to reform a state of affairs
which has existed all his life-time, and
which he believes to have answered well
with him and with his fathers.

To his mind, typhoid fever, diphthe-
ria, and the whole list of zyvmotic diseas-
es, are aftlictions sent by an inserutable
Providence for some hidden purpose of
discipline ; and he believes it his duty to
bear meekly, if sorrowfully, the chasten-
ing to which he 1s subjected. IHe is still
far from accepting the idea that his disei-
pline may have for its direct purpose his
regeneration in this very matter of hy-
ciene. In theirunvarying operation the
laws of health (which are not entirvely
inscrutable) strike both the just and the
unjust, and these laws are disciplinary,
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or not, aceording as we meet their re-
quirements with inteligent obedience,
or bow blindly and ignorantly betore
them. Typhoid fever does not come to
us as a punishment for Sabbath-brealk-
ing, nor for profane swearing, but as a
punishment for the one sin which brings
us within reach of its scourge—the sin
of unwholesome living. Then, too, sin-
ners though we are,in this regard, it
touches us so slightly—only here and
there a case—that we are led, not pre-
cisely to run the risk of chances which
we appreciate, but to remain placidly
unconscious that the law is in operation
about our own houses, awaiting only the
due assembling of the conditions which
bring its action to bear upon our own
persons.

The great mission of’ enlightenment,
which has been so well entered upon by
this Association, began its eftective op-
erations with the educated classes of
society. Especially has it engaged the
attention of the two professions to which
I have referred. Within the range of



these professions, the questions of health-
tul building and healthful living espe-
cially lie. IFrom above, the enlighten-
ment will be extended downward, nntil,
in some millennial future, the merest
cottager will understand the decree to
which his health depends on the e¢lean-
liness or filthiness of his domicile.

In like manner, it is obvious that our
efforts to secure an improvement in the
construction and eare of country-houses,
must be first addressed to the more in-
telligent classes, and that they must
work their way by example, among the
poorer and the less informed. Let us
consider therefore, by way of illustra-
tion, the case of an elaborate country-
seat, built with a determination to se-
cure every luxury and every comfort,
every convenience and every safegunard,
that the most skiltully apphed modern
art can compass ; a house to which that
compound adjective so dear to the
American heart may be applied in every
department from garret to cellar—a
house where every thing is ¢ first-class.”
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1If we examine the old mansions of
our erandfathers, or go back still fur-
ther, to the seats of the nobility of past
centuries in England, and compare our
modern houses with these, we shall real-
ize what enormous strides have been
taken in the improvement of many ele-
ments of our building. Among other
things, the modern mind has at last
fully accepted the fact that a wet cellar
is dangerous, and is to be, in all cases,
and under all circranstances, avoided or
abandoned. We are still mdulgent,
and perhaps not very improperly so, of
an occasional mroad of storm-water,
which subsides within a few hours:; but
a cellar with standing water is, at least
very generally, felt to be an impossible
accompaniment of healthful living. By
hook or by crook, we manage to get a
drain away from the lowest point of
every cellar dug in soil that retains
water after heavy rains. We under-
stand very well—in the case of the bet-
ter houses, perfectly well—the import-
ance ol dry walls, at least of dry inte-
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rior walls.  When we build in brick or
stone, our opposition to absorbed mois-
ture seems to stop at the point where it
1S no longer injurious to wall-paper and
paint; but we do secure, almost univer-
sally, by the intervening air-space, a
separation of the wall next to which we
live, from the wall through which exte-
rior moisture penetrates.  We have
learned how to warm our houses more
uniformly ; and we realize, in far great-
er degree than our fathers did, the im-
portance of abundant sunlight.

But here, I fear, so far as health is
concerned, the improvement of our
building ceases; or, as we pursue our
investigations, we come to a point where
it seriously retrogrades. In the matter
of ventilation, our better-built houses
are usually very defective. In our hot-
air furnaces we burn anthracite coal,
separated from the air-chamber only by
cast iron, which 1is, especially when
heated, extremely porous to carbonie ox-
ide. We thus introduce an element of
unhealthfulness throughout the whole
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house, which constitutes, as compared
with the influence of the open fires of
our ancestors, a very serious defect.
These influences affecting the whole-
someness of the air we breathe, are se-
rious ; but they are far less so than is
our miserable system of house-drainage.

Halt a century ago, in houses of the
better sort, the most active prejudice
existed against the use of any form of
indoor conveniences; and in spite of
the often dangerous exposure to the
weather, and of the universal stifling
foulness of the out-house, no one
thought, except in case of serious 1ll-
ness, of permitting defiecation within
doors. Partial invalids and delicate
persons must perforce subject them-
selves to an injurious exposure. The
objections to this old system were ex-
tremely grave, not only on the score of
comfort, but greatly also on the score of
health. The introduction of the water-
closet marked a real advance in our
apparent civilization ; and the general
system of an interior water-supply and

2
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drainage, with the agrecable accesso-
ries of fixed wash-howls, baths, laundry-
trays, butler’s sinks, ete.—of what the
house agents call “all the modern con-
veniences"—have made life easier and
more luxurious.  In certain ways, too,
they have added important sanitary
benefits.

But i freeing ourselves from the
prejudices of our fathers, and in gain-
ing these marked benefits, we have ex-
posed ourselves to dangers which are
all the more grave because of their hid-
den and almost universally unsuspected
character. 1t 18 by no means necessary
that the introduction of modern pitinb-
mg-apphances mto a house should be
any thing but advantageous; but un-
fortunately, so little is popularly known
of the sanitary requrements wnich
should govern the work, while the influ-
ence of defeetive works upon the health
of the household is of such a hidden
character, that, in securing comfort and
convenience, we have, in almost every
instance, introduced a real clement of
danger.
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We leave to the plumber, who, ex-
cept in the rarest cases, is only a skilful
mechanie, the entire control of the most
important part of our house-building.
It has recently been suggested that
there is an opening for a new industry
amonge professional men—a new profes-
sion, where instructed sanitarians may
find profitable and useful employment,
in taking the control of this very import-
ant branch of house-building and -
spection ; a profession which should ap-
ply itselt to the important art of pre-
venting diseases. It seems to me that
a much more practical method for at-
taining the desired end would be to
induce the architect who builds the
house at the outset, and the physician
who has in charge the preservation of
our health, after we move into it to
qualify themselves to perform the fune-
tions indicated, and to add to their
present work the most essential branch-
es of sanitary engineering and sanitary
inspection,

In a certain sense, the sanitary
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question reaches into a field where all
Is  uncertainty and speculation; but
enoughis already known concerning the
relation between neglected or improp-
erly controlled filth, and the health of
those who live subject to its influence,
and enough is also known of the simple
means by which all danger may bhe
avoided, to make the prevention of dis-
eases, arising from this source, practi-
cally certain.

Indeed, the effort to be put forth
relates far less to the instruction of the
architect and the doctor, in the very
simple details of sanitary improvement,
than it does to impressing upon ihem
the importance of applying these de-
tails as one of the very first of their
professional duties.

The preecise methods of causation,
and of propagation of cholera, diarrheea,
dysentery, typhoid fever, diphtherna,
cerebro-spinal meningitis, neuralgia,
and the minor range of malarial fevers,
it is the provinee of the physiological 1n-
vestigatorto determine. These questions
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are involved, if not in mystery, at least
in a certain amount of uneertainty ; and
doctors disagree radically as to the
“oerm ” theory, and as to the manner
in which epidemics are introduced into
new localities,  TFortunately we need
not, in this connection, consider these
moot questions ; for doctors by no means
disagree as to the influence of neglecterd
filth in either initiating or propagating
all diseases of the class referred to. It
is a matter of small consequence to the
average householder, who cares nothing
for the general sanitary bearings of the
question, whether typhoid fever is pro-
pagated by germs, or by some agent as
yet unknown. He does care very much,
or at least he would care very much, it
he thought any thing about it, that the
condition of his house shall be in every
respect such as to msure, beyond ques-
tion, the perfect safety of his family.
He does not, it is true, realize the fact,
which we fully appreciate, that his
costly and finely finished water-works
are a source of danger. Ile has trusted
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to his skilful architect to make sure that
he is guarded against unhealthful influ-
ences from this source, as effectively as
he 1s guarded against exposure to the
weather. He has no time to devote to
this part of his work; buthe feels
he has given it into hands fully com-
petent to direct it, and he takes no fur-
ther thought or trouble about it.

Unfortunately, so far as the question
ef health is concerned, he has, as a rule,
trusted the work to an artist, rather
than to a sanitarian; for the architect,
however competent to plan the general
arrangement of the house, and to make
it, without and within, beautiful, attrac-
tive, comfortable, and convenient, is—
like the average owner—too often either
ignorant of or indifferent to the require-
ments of the sanitary laws, as recently
developed.

The owner takes possession of his
new home, and subjects his family to
unseen and unsuspected influences,
which are quite likely, sooner or later,
to manifest themselves in one form or
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other of ill-health. He then calls to his
assistance a physician, who, 1f we take
an average representative of the profes-
sion, has sat at the feet of an old Gam-
aliel, and has applied himself far more
to the art of healing, than to the art of
prevention. In the slight ailment, or in
the grave sickness with which he has to
deal, he is skilful, useful, and efficient ;
but surely, physicians themsleves will
contess that, as a class, they too seldom
seek for the cause of ill-health in condi-
tions which are so universal among their
patients, and which obtain to such a
degree in their own homes, that they
are apt to be disregarded. He natur-
ally looks to some unusual {*oluhtmn or
to some unusual exposure.

Indeed, it is hard to realize that
conditions under which the human ma-
chine so generally works perfectly and
easily, may, under certain circumstan-
ces, become the very conditions for the
ausation of diseases. If we can get
doctors and builders to realize the abso-
lute, vital importance of controlling the
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couditions under which we live, we
shall have done our best work. Mr.
Brown and Mr. Jones and Mr. Robin-
son—practical men, engrossed in the
management of their affairs, and with a
long-cherished antipathy to theory and
mnovation—will pay very little atten-
tion to what we may say in this hall, or
to any thing we may write; but they
will listen to the advice of their physi-
cians, and in building, they will follow
the least sanitary suggestion of their
architects. Constant dropping will wear
away even the stones of their indifi-
erence ; and we shall, in time, secure a
reformation of the whole community.
But our ecarliest effect is surely to be
produced by our influence over their
professional advisers, who will, I trust,
not misapprehend the spirit in which
we venture to remind them of this vita)
and too little heeded element of their
duties.

Let us come now to the specification
of our charge against the modern coun-
try-liouse. It stands, we will suppose,



upon nearly level land of a nearly im-
pervious character; but ample provis-
ion has been made for the drainage of
its cellar. Not far away from it, are
cisterns and a well, each of which is In
communication with the force-pump 1in
the kitchen, This is provided with a
twin cock by which water may be
drawn from one or from the other at
pleasure. Under the roof is a large
tank, holding more than a day’s supply;
and this, filled by the force-pump, fur-
nishes all of the water needed for con-
stant tap at every point. Near the
middle of the house, one above the
other on the different floors, are placed
the bath-rooms with water-closets and
stationary basins—in the middle of the
house, to be safe from the frost of more
exposed positions. The attempted ven-
tilation of these rooms is often only by
a window into a closed well, or through
a small register i the wall, opening
into a small rough flue in the chimney,
throttled from bottom to top with pro-
jecting bricks and lumps of mortar.



The real ventilation is through the con-
stantly open doorway into the interior
passages of the house. In each bed-
room, or in a closet attached to each
bed-room, there is a stationary wash-
basin, with its supply of hot and e¢old
water.  Under the staircase in the
main hall, and often with no ventilation
at all, are the conveniences of the mas-
ter of the house himself, The butler’s
pantry has a sink connected with the
main outlet-drain by a generous pipe.
The Kitchen sink has the same connece-
tion, and so have the laundry-trays,
which, together with the servants’ clos-
et, are often near the level of the cellar-
bottom—mnear the zero point of the
drainage system.

The house has been built by con-
tract ; and a plumber, whose specifica-
tion has related chiefly to the weight
of pipe that he shall use, and to the
character of finish of the basins and
bowls, and their faucets and plugs, has
been left to the exercise of his own dis-
cretion as to the arrangement of all the
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hidden parts of the work. His job is a
satisfactory one, it the tubs and trays
and sinks and basins have the proper
neat look, and if an abundance of water
is everywhere supplied, and everywhere
flows readily away. For an outlet he
has been provided with two cesspools ;
the first one. tightly cemented, has a
trapped overflow ; the second, receiving
the overtflow of the first, 1s built with
uncemented walls, with a view to the
percolation of its contents into the soil.

For a time every thing works well ;
the clean new outlet-pipes perform their
office satisfactorily, and the clean soil
about the leaching eesspool performs its
purifying work completely. The house
is acceptable in every way; and its
happy owner congratulates himself that
he has secured all that modern art and
knowledge can give him.

Let us examine this house after it
has been a few years in occupation, with
a view to studying its actual sanitary
condition. We will disregard, as foreign
to our mmmediate subject, the flood of



injurious carbonic oxide which its reg-
iIsters pour into its interior, and the said
lack of ventilaton which the substitution
of the furnace, for the open fire, has in-
flicted. We will say nothing of the
pressure of soil-water against the absorb
ent cellar-wall, nor of the damp eman-
ations from the undrained, heavy ground
around the house. Let us coanfine our-
selves only, and strietly, to the questions
of water-supply and drainage.

The well, although perhaps not very
near the leaching cesspool, and the now
foul soil surrounding it, may get its
water through some stratum of gravel
which carries the ooze of this cesspool ;
or it may penetrate a permeable stratum,
or a seam in the underlying rock, which
brings it into communication with other
cesspools or privy-vaults far or near.
These impurities are not perhaps enough
to produce an obvious eflect, while the
water in the well is high, and holds back
the water in the soil as the land-water
in the beach holds back the salt tide ;
but, when the supply fails, in time of
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drought, then the demand on the well
is replaced by a flowing-in from the foul
earth, and the impurities are concentrat-
ed to a dangerous degree. Or perhaps
the dejections of a patient ill with ty.
phoid fever, or other disorder of the bow-
els, have entered the stream oozing from
the cesspool to the well. In either case,
disease may follow.

Warned by the frequent reports of
diseases originating in this way, the
master of the house has given strict and
frequent orders that under no circum-
stances shall water from the well be used
except for cooking ; but some of the in-
mates, the servants especially, preferring
the sparkling water of the well to that
of the cistern, bring the pump into com-
munication with the former: and now
and then the whole supply of the house,
for a longer or shorter time, is taken
from this source. Indeed, if there is a
well in communication with the house-
supply, it is simply impossible to pre-
vent the use of its water from time to
time.
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The tight cesspool into which the
drainage of the house discharges is of
course hermetically sealed, that there
may be no possibility of its emanations
tainting the air. 1t is connected with
the outlet of the soil-pipe by the best
vitrified pipe, carefully laid. This pipe,
for part of 1its course, runs through soil
that had been excavated and refilled at
the time of building; through soil, that
18, which is sure to settle as time goes on,
bringing the weight of the whole mass
lying above the pipes so to bear upon
them as quite surely to move them
enough to open their joints, allowing
more or less of their contents fo soak
away into the ground. Sooner or later
this leakage penetrates the foundation-
walls, and taints the air of the cellar.

A strong, well-construeted four-inch
soil-pipe descends from the trap of the
highest water-closet, usually in a straight
line, to the ceiling of the cellar, and
passes in a straight course, and with a
regular descent, to the point of out-
let. It has been securely strapped to
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the floor-beams of the cellar, making it
quite certain that a deflection in the
main floor of the house, of even an eighth
of an inch, will tear it loose from its at-
tachment with the closet, and leave a
little crevice for the escape of its gases,
and of those formed in the cesspool.

The importance of ventilating the
soil-pipe having been recognized,a one
and one-haltinch lead pipe, leading trom
its highest point, has been carried out
through the roof, closed over at the top
to prevent the admission of obstructions,
and perforated with a dozen little holes
to give egress to the pent-up gases.
This is not ventilation : itis only venting,
only the relieving of pressure,—an im-
portant office. but by no means a suf-
ficient one.

The closets on every floor are of that
ghastly foul sort which hold in a lower
unventilated chamber nearly all that is
admitted to them, save the water alone,
until the solid matters, by decomposition,
are enabled to pass away in a stream
which was insufficient to flush them




away as solids.  The traps of the lower
closets—too little air being  supplied
through the small ventine-holes above
the roof—are often emptied by siphon
action, where a strong flow is rushing
through the pipe from the emptying of
a bath on a floor above.

To economize the work, traps under
the wash-basins are frequently omitted,
an introduction of the waste-pipe into
the trap of the water-closet being deemed
sufficient, even where the communication
1s by means of a long and nearly hori-
zontal waste-pipe.

In tune, all the foul contents of the
cesspool, and the foul slime of the soil-
pipe, having been for years producing
acrid gases, the leaden traps under the
closets, and the horizontal leaden con-
nection-pipes have become more or less
honeycombed ; and here and there open-
ings have appeared in the pipes. These
being in their upper sides, where the
usual plumber’s inspection for leakage
does not detect them, they remain
unsuspected, and they go on year after
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vear pouring out into the house their
poisonous exhalations.

The influence of even very small
openings of this sort is far greater than
would be believed. I was recently told
of a household in New York which
had long been a reliable source of 1n-
come to its attending physician. Upon
his death,a younger doctor, an enthusias-
tic sanitarian, succeeded him. He soon
became convinced that the illness that
had so long prevailed was due to ema-
nations from the drainage-pipes of the
house. Plumbers were employed to
make a thorough inspection, and they
reported everything in perfect order.
The cases of disease kept occurring ;
and a sanitary inspector from the Board
of Health examined the house, and found
no defect. The character of the recur-
ring ailments indicated so clearly a foul
drainage cause, and no other, that the
physician finally applied himself to a
minute inspection of every part of the
work.

On the waste-pipe under a wash-

ok
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basin in a room eommunicating with the
nursery, he detected a very slight oozing
of moisture, so slight that he did not feel
sure that it existed until he found that
it moistened tissue paper laid over the
spot. The most rigid scrutiny develop-
ed no other leak. This pipe was taken
out, and a new one substituted; and,
although he or his predecessor had been
called to attend some member of this
family almost weekly, for a dozen years
before, he was not called again for
eighteen months—and then only be-
cause of the stork.

If any thing is certainly known with
reference to the house-drainage ques-
tion, it is, tha* in an unventilated system
of pipes, the foul matters which they
contain enter into a putrefactive de-
composition which produces poisonous,
or at least injurious, gases; and, if any
thing is clear to the common compre-
hension, it should be that pipes of a cor-
rosible material—like lead—made by
human hands and subject to the defects
of all human work, containing, day and
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night, corrosive and injurious gases of
this character, are dangerous inmates of
any inhabited house,.

Not only do these gases find their
escape through defective joints, through
perforations of old pipes which they
themselves have destroyed, and through
traps whose sealing-water has been
sucked out by a flood rushing past them
in the soil-pipe ; but they have, as has
been clearly shown by the experiments
of Dr. Fergus of Glasgow, the power of
passing almost unretarded and un-
changed through the water seal-traps
upon which we have so long depended
with confidence.

(GGiven the cesspool and the soil-pipe
charged with injurious air, it is simply
impossible that under our ordinary
methods of arrangement this air ean be
prevented from mingling with that of
our imperfectly ventilated sleeping-
rooms and living rooms. Every safe-
guard that modern experience has sug-
gested should be applied from the begin-
ning to the end of the system, to make
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sure that, whatever may be the charac-
ter of the acriformm contents of the pipes,
they shall be strictly barred from escape
mnto the house, and that every means
shall be adopted to cause their escape
into the free air above it.

Not only this, but every means should
be taken to prevent the formation of
these gases, and thus to gain the double
security of their non-existence in their
worst form, and agamst their entering
our housesin their modified form,

And, first, for the prevention : Pois-
onous sewer-gas is a product of the
obstructed decomposition of organie
matter in the absence of light and of a
sufficient supply of oxygen. In itsmost
dangerous form it is believed to have
but little odor.

It the decomposition takes place with
exposure to a sufficient supply of com-
mon air to furnish the oxygen needed
for a more complete decomposition, the
gases produced, although often more of-
fensive in their odor, are not only less
dangerous to health, but the more
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thorough decomposition is believed to
be accompanied by a destruction of the
germs of disease. These gases have in
a much less degree, if they have it at all,
the power of decomposing lead pipes.
In other words, this worst enemy of
those who live in modern houses may be
entirely or quite disarmed by the simple
means of supplying common air to all
parts of the drainage system.

To provide this immunity, so far as
the main artery of our works 18 concern-
ed, it is quite necessary to substitute for
the paltry vent-pipe so generally used,
a pipe of the full size of the soil-pipe
itself, running with the least and the
fewest angles possible, quite up through
the top of the house, and provided at
its summit with a good ventilating-cowl.
We must also admit at the lower end of
the pipe, a sufficient supply of air—as
copious as the danger of freezing in win-
ter will allow—to feed the suction cowl,
and thus keep up a good ecirculation
throughout the whole length of the pipe.
The effect of this ventilation should be



made to extend as far as possible
throughout the branches of the systew ;
and with a view to this the water-traps,
which, although they are not the most
eftective appliances in the world, are
still sufficiently useful to be retained,
should be placed as near as possible to
the waste outlet which they are to pro-
tect. Where the outlet of a wash-basin,
for example, is untrapped until the wa-
ter-seal of a distant closet is reached, it
becomes 1n time smeared for its whole
length with the accumulated soap and
filth of repeated ablutions; and these,
although they are not what we recognize
as fecal matters, are still organic mat-
ters of the same chemical character, and
they produce in their decomposition, al-
though in mueh less quantity, the same
sort of gases.

Let every trap, then, be as near as
possible to the beginning of each waste-
pipe, and let the main soil-pipe be en-
tirely untrapped, so that, as far as may
be, every outlet drain in the house shall
be in free communication with a thor-
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oucghly ventilated main channel. This
secured, we may rest content in the be.
lief that, so far as lies in our power, we
have prevented the formation, anywhere
within our drainage-system, of gaseous
emanations which can be iujurious to
health.

The next step is to make sure that
while we have, so far as 18 possible, dis-
armed our concealed but ever-present
enemy, we bar every avenue to his
nearer approach. He may perhaps no
longer be dangerous : but we can never
be quite sure of him, and he would be
an offensive and disagreeable visitor.
As a first step, 1 the place of strapping
our soil-pipe to the beams of the cellar-
ceiling ; let us set a stout post, bearing
upon a firm foundation, direetly under
its bend, and so prevent the possibility
of its settling a single hair’s breadth.
In this way we may keep a well-made
joint with the water-closet trap perfectly
tight. As a next step, we must either
abandon all of our plumbing appli-
ances, save only the necessary water-
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closets, and return to the old basin and
pitcher, and the sponge bath, or we must
provide ftor the absolute shutting off’ of
cevery m:{-r:;‘hm* and waste ‘?H:;,H' which 18
now separated from the drainage-sys-
tem only by an ordinary water-trayp.
The water-seal 18 a4 trap in more
senses than one.  Dr, Fercus found all
gases with which he experimented, to
pass freely through its sealing water-
ammonia passing through and reacting
upon litmus paper in fifteen minutes,
Furthermore, in cases where the trap is
not frequently used, the evaporation of
the sealing water leaves it open for the
passage of air from the drain directly
mto the rooms. These defects are con-
stantly present, even in the case of
waste-pipes which are not subjecied to
pressure from the confining of their
cases.  Wherever there is such pressure,
the evil is of course greatly aggravated.
The unquestioned advantages of a
free supply of pure water in wash-bowls
and bath-tubs on every Hoor of the
house, can he sately secured only by
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some system which shall overcome their
great defect, which far outweighs their
advantages—the defeet of affording a
possible inlet to sewer-gas into the inte-
rior of the house. As at present con-
structed, it is safe to say that there is not
a butler’s sink, nor a bath-tub, nor a
wash-bowl in use, which is not to a
greater or less degree subject to this
critieism.

The only safety is to be sought in
supplying a self-closing stop-cock to
every waste-pipe or overtlowed-pipe, so
arranged that it can be kept open
only while it is actually held open by
the hand. Any device for fastening it
open during the convenience of the user,
would only result in its being neglected,
and left open when it should be closed.
To those who have given no thought
to this branch of the subject, it may
seem a super-refinement of eriticism to
make this sweeping objection to an ap-
plhiance of modern life which is in almost
universal use in town and country ; but
L believe it to be susceptible of proof,

4
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that of all the canses of the various
zymotic diseases which oceur in our
otherwise well-appointed houses, by far
the greater majority have received their
filth-born impulse from poisonous gases
seaping through the overflow and waste
pipes of wash-bowls, bath-tubs, ete.

sSurely no one who has given atten-
tion to the details of plumbing can es-
ape a certain sense of hazard, when he
finds himself an oceupant of a friend’s
gucst-chamber, whose white marble fix-
ed wash-basin whispers to him, the
whole night through, of the hidden hor-
rors of which it is the decorated outlet.

With a means for drawing water on
each floor and with a closet-bowl through
which to dispose of slops, the labor of
attending our old friends, the bowl and
pitchér, 18 not serious; and such an
arrangement offers absolute security
against a defeet which has thus far not
been remedied.

1 have sufiiciently indicated the very
simple improvements that are needed in
connection with the water-supply and
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drainage of that partof the house which
is occupied by the family. The kitchen
sink malkes no slicht demand upon our
consideration. Its outlet offers a pas-
sace, not, it is true, for fecal matter, but
for every sort of organic substance from
which fecal matter is derived; and
which may supply, on its decomposition,
precisely the gases which are generated
in the ordinary soil-pipe. It does not
carry the germs of disease—assuming
that there are germs; but 1ts scraps of
food, ete., are, on the other hand, mix-
ed with congealed grease, which covers
them to a certain degree against the ac-
cess of oxygen, and tends to make their
decomposition especially foul. Add to
this the serious difficulty, that the con-
gealing of the grease has a tendency to
obstruet the waste-pipe, and lead to
leakage and subterrancan overflow of a
serious character.

The methods for remedying these
disadvantages are well known, and may
be easily applied. The leading safe-
guard in the whole matter, here as else-
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where, is to be sought in the free venti-
lation of the waste-pipe at a point as
near as possible to its source, and in
the introduction of an efficient water-
seal and grease-trap.

We come now to the method of final-
ly disposing of the liquid waste of the
house. Any one who has had much ex-
perience in the investigation of defective
works must have reached the comclu-
sion that those cases are really few in
which even the defective methods
adopted have been executed in any
thing but a defective way. The sani-
tary formula of Hippocrates, ¢ Pure air,
Pure water, and a Pure soil,” is violat-
ed hardly less often by the earthenware
drain without the house than by the
waste-pipes within it. A wvitrified
earthenware drain laid on a firm foun-
dation, and connected at its joints with
good cement, is as perfect an apparatus
for conveying foul liquids as we can well
conceive of ; but far too often the cement-

. ng of the joints 1s much less than per-
fect; and in almost a majority of cases,
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the pipe at some point rests upon new
filling, which, by a settlement of a sin-
gle halfinch, is quite sure to open a
crevice at the joint, through which the
trickling filth escaping from the house
may find its outlet. In every case where
it 18 necessary to pass through any
thing but the original unbroken and
solid earth, the excavation should be
carried down to the undug bottom, ant
filled to the grade of the drain with
well-compacted  concerete.  Either do
this, or ¢lse substitute a stout iron pipe
wherever new filling has to be crossed,
however firmly this may have been
packed.

Having a pecuniary interest in the
success of the tlush-tank invented by My,
Rogers IMield, one of the leading sanita-
rv engineers of Ingland, I have some
delicacy about its advocacy here; but
perhaps the fact that I have taken this
interest in its introduction is the best
evidence of my faith in its value. This
tank is simply an apparatus for accum-
ulating the trickfng flow of liquid waste

4
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to the amount of twenty-five or thirty
gallons, and then discharging it rapidly
by a siphon which is brought into action
automatically. The accumulation then
escapes in a rapid and cleansing stream,
sweeping every thing before it through
the outlet-drain. During the accumu-
lation the grease 1s congealed and sep-
arated.

The tank should be so arranged as
to receive the kitchen waste, and what-
ever other liquid 1t may be convenient
to deliver to it, but not the waste from
the warer-closets. This should enter the
drain farther down its course ; and any
deposit it may leave, will be swept for-
ward by the action of the stream from
the flush-tank.

The disposal of the liquid wastes of
the house 1s one of the most serious
elements of our subject. In the town,
where we have a public sewer which
may be depended upon for removing
whatever we deliver to it, however de-
fective this may be in the eyes of the
public sanitarian, the problem is solved



43

so far as the house-holder is concerned.
He may easily make such a disconnec-
tion of the air-channel which brings his
soil-pipe into communication with the
public drain, as to insure himself against
any danger {rom this source of poison-
ed air.

But in the case of a country-house,
where a large amount of liquid is to be
disposed of, and where there is a serious
danger that we may contaminate the
source of our drinking-water, or render
the air about us impure, too much atten-
tion cannot be paid to the securing of a
perfect method.

So far as I know, there are but two
permissible devices in use. One of these,
and the most objectionable, is an abso-
lutely tight cesspool, well ventilated
and accessible for inspection and clean-
ing, but from which not one drop of
Iquid can filter away into the soil—care
being taken to empty it in such a way
as to produce the least possible offence.
The other is the system recommended
by Mr. Moule, the inventor of the earth-
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closet, for the disposal of the liquid
through permeable drains lying within
reach of the roots of plants, and in the
well-aerated surface soil, wherehy the
foul off*scourings of the houschold may
be largely consumed and purified by
vegetation, and be destroyed by effective
oxidation.

This system has long been used in a
small way, in many places in IEngland,
always with perfect success ; and it has,
during the past six years, served its
purpose most effectively at my own
house in Newport, where every drop of
vaste water has, I am confident, been
purified and consumed by the soil un-
derlying less than one thousand square
feet of lawn. Indeed, so well am T as-
sured of the efficiency of this system of
subsoil irrigation, that I am now apply-
ing it for the disposal of the entire
sewage of the village of Lenox, Mass.
where a flush-tank, having a capacity of
five hundred cubic feet, will periodically
deliver its contents through a system of
about ten thousand feet of two-inch tile
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lying twelve inches below the surface,
and which has an uncemented jomnt at
every foot of itslength.*
I am frequently asked whether the
earth-closet does not offer a solution of
the house-drainage question. Having
been for years its enthusiastic advocate,
and realizing as well as any one can 1its
great value in the hands of those who
will give it a little intelligent care—
having no other system, and desiring no
other, for my own house—I1 am still
compelled to say that, in the case of the
ordinary householder, the water-closet
is to be preferred. Indeed, I will go a
step farther, and say that, now that I
know by experience how effective is the
method of subsoil irrigation used in con-
nection with the flush-tank, were the
question of a system for my own house
to come up again, I should adopt the
water-closet, as requiring less attention,
and as being in some respects more IlE.lt

e

* Bince this Il.tpm Was lll‘LlutI“Pli the Fluqh Tank
and absorption field at Lenox, Mass., have been
thoroughly tested, and their working has been all
that could be desired,
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The field for the earth-closet is an
cnormous one, and one which it should
be the earnest endeavor of all sanitari-
ans to aid it in occupying. It covers all
those eases where the water-closet can-
not be used, or where it would be sub-
jected to the abuse of ignorant or care-
less persons.  1ts value for schools, for
all manner of public charitable institu-
tions, and especially for farmhouses and
country-houses which are not supplied
with water, and where invalids must
expose themselves to inelement weather,
annot be over-estimated.

My limited time will not allow me to
consider, as I should be glad to, the
broad and important question of the re-
moval, by underdraining, of the soil-
water from retentive lands forming the
lawns and gardens of country-houses;
and I believe that the day has passed.
when it is necessary to say a word be-
fore such an Association as this, on the
subject of that crowning abomination,
the old-fashioned vaulted privy. We
still accept it as an evil which has too




much headway for us to stop 1t at once;
but those of us who have not been mis-
led into the fallacy of believing that the
“odorless excavating apparatus?” has
made its continuance permissible do not
need to be reminded again of its en-
tirely uncivilized character, and of the
unhealthful influences that it must in-
evitably and in every case exert.



THE

SANITARY CONDITION

oF

CITY BIOUSES.*

A SUITABLY built, suitably arranged,
and suitably surrounded city house is
probably the safest of all human habi-
tations ; but a suitably built, suitably
arranged, and suitably surrounded city
house is probably the rarest of all
human constructions.

The country house gets, from its iso-
lated position, a full bath of sunlight,
and a free circulation of pure air, which
counterbalance many of its customary
defeets.  But In spite of this, its defects
are often pronounced ; and deleterious
influences arising from soil exhalations

——

= i — i

* A paper read before the Public Health Assocla-
tion of Now York.
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and from improper disposal of wastes
are in its case often very serious,

A city house with an absolutely 1m-
pervious sheet of concrete between its
cellar and the underlying ground, with
impervious cellar walls, with due pro-
tection against the rising of damp
through its foundation, and with a suffi-
cient circulation of fresh air through its
cellar, is practically isolated from any
source of danger connected with the
ground over which it is built. The
earth in front of it is covered with pave-
ment, protected against undue satura-
tion by its abilty to shed rain; and the
earth behind it is either covered in like
manner with close pavement or has its
exhalations filtered by the vegetation
of 1ts grass-plat—so that, supposing the
whole area in its neighborhood to be
protected in like manner by the belong-
ings of other houses, there is little to
fear from a malarious condition of the
ground. Supposing every house in the
neighborhood to be thoroughly well pro-
tected in the way indicated, it might

5
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stand over a pestilential swamp without
much danger.

1t 18 no argument against this asser-
tion, that such of the houses with which
we are familiar as stand over the site of
an original pond or swamp are subjected
to malarial diseases, because the usual
manner of construction has left them
without the necessary protection against
ground exhalations. Probably to a
certain extent the freest and best-drain-
ed soil acquires in time, from the char-
acter of the early occupation of town-
sites, a certain degree of fouling which
the absence of vegetation, and the
crowding of houses, so thickly as to
exclude sunlight and the circulation of
air, allow to become dangerous; and
there 1s frequently an undue amount of
ground moisture which affects founda-
tion walls and cellar bottoms as these
are usually constructed. The extent to
which the unwholesome influence of the
ground air and moisture from the soil 18
felt by the occupants of town houses
varies, of course, very much according
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to the original character of the ground.
Where the ground is dry and sweet
there is little to be apprehended. The
ordinary ventilation of the cellar, which
comes from careless workmanship, 1s
generally sufficient for safety; but in
proportion as the dampness or foulness
increases, in just that proportion care-
less building becomes dangerous.

We Lknow very well, from a differ-
ence in salubrity | etween houses stand-
ing on proper sites and houses standing
on improper sites, that this influence of
soil emanations is serious ; probably, so
far as the usual slighter malarial ail-
ments are concerned, this soil influence
18 the most serious with which we have
to contend. At the same time the de-
bilitating effect of the exhalations refer-
red to—headache, neuralgia, loss of
appetite, intermittent fever, ete.—take a
far lighter hold upon the popular imag-
ination than do the often fatal diseases
which are produced by bad air of
another sort. The low condition and
consequent susceptibility to infection
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which the malaria of damp soil produces
doubtless aggravate very seriously the
dangers arising from the other source ;
that is to say, persons enfeebled by ex-
posure to malaria would often succumb
to infection, when a robust and vigor-
ous person would withstand it.
Mankind has been too long accus-
tomed to living in the face of threaten-
ing infection, and has been too long edu-
cated in the belief that all fatal disor-
dersare to be aceepted as the chastening
work of God’s inscrutable purpose, for
us to hope that the average man will at
once realize the degree to which his life
and health are dependent upon the man-
ner in which he controls the circumstan-
ces and conditions of his living. IHap-
pily, it is coming to be well recognized
that typhoid fever, diphtheria, cerebro-
spinal meningitis, and various grave
disorders of the bowels, are the crop
produced by planting in the system
certain floating impurities of the air,
whose action is as direct, under favor-
able circumstances, as is that of the
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spores of penicilliurn in producing a
crop of mould when planted on the
surface of a damp boot. 1t is not neces-
sary to discuss here the merits of the
¢ germ ” theory. It will hardly be dis-
puted that, whatever we may call the
agent of propagation, there is an active
agent peculiar to each disease. If we
plant cowpox we grow cowpox, if we
plant small-pox we grow small-pox, if
we plant typhoid we grow typhoid ; and
so on throughout a long range of dis-
eases whose limit is not yet defined.

Whatever our seed, our crop de-
pends greatly upon the soil in which it
is planted. In the case of a vigorous,
active person, of strong constitution,
and living under wholesome conditions,
it may fall on sterile ground and be lost,
while the same seed sown in the blood
of the weakly may produce its fatal
crop with certainty and abundance.

It is largely in connection with the
influence of the constitution upon la-
bility to infection—in addition to the
minor disorders and discomforts result-

6*
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ing from the rising of swamp malaria
and the conditions which produce fever
and ague and neuralgia---that we have
to consider the importance of excluding
the ground air from the house. It is
probably but rarely in city building
that there remains in the subsoil such a
degree of foulness as to produce typhoid
fever and similar diseases ; but the in-
stances where a liability to fall before
their attack 18 produced by this sort of
unwholesomeness are by no means rare.

The causes of grave infection are
precisely the same in the city that they
are in the country, and they grow in
both cases from improper protection
against the emanations from the or-
ganic filth which is a necessary product
of all human life. In the country it is
perhaps less often by the fouling of the
air than by the fouling of the water
that these diseases are spread. In the
city, the water supply coming from an
untainted source, the infection is almost
invariably through the medium of the
air which we breathe,
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We are very far from possessing
such accurate knowledge of the condi-
tions of decomposition which favor the
multiplication of the germs of discase,
or the production of such a condition of
the air as produces disease, that it can
be demonstrated with scientific certain-
ty that under such and such conditions
typhoid fever will be produced, and
under such other its production will
be impossible. It is a case where we
have to accept purely circumstantial
evidence.

No analysis of the water-closet drain-
age which oozed into the Broad Street
pump 1in London, demonstrates to us
that germs of cholera were communi-
cated to its reservoir; but it is known
that a water-closet whose outflow reach-
ed that well was used by a cholera pa-
tient, and that within a week morethan
five hundred persons, scattered over one
of the best parts of London, and even as
far as Richmond Hill, whither they had
fled to escape the plague, but whence
they sent to this pump for water, were
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killed by cholera; the only possible
communicating link between the indi-
viduals of this scattered multitude being
that they drank this water.

We know by frequent observation,
that persons living in houses into which
poisonous gases are poured through the
honeycombing of lead soil-pipes, or the
imefficiency of wash-basin traps, are lia-
ble to fall sick with diphtheria or typhoid
fever. We know that when the defee.
tive pipe has been removed and a tight
one substituted for it, or when the faulty
baisin outlet has been closed, such dis-
cases cease. Wedonot know precisely
what condition of the air escaping from
the imperfect pipe 18 necessary to pro-
duce the disease. Therefore, all that is
said concerning this branch of the sani.
tary subject, 1s to be taken as the sum of
empirical knowledge, and as being in so
far unscientific that our deductions are .
not susceptible of clear demonstration.

Let us set aside the question as to
the manner in which zymotic diseases
originate, and assume that it is demon-
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strated that they are frequently caused
by improper drainage, and by the ad-
mission of drain air into living-rooms,
Taking this as a starting-point, we find
two most serious questions to be consid-
ered:

1. How shall we keep out of the
house the influences arising from the
cround beneath it and beside it, which
tend to produce a low condition of health,
and to create a susceptibility to zymotie
poisoning ?

2. How shall we protect ourselves
against such infeetion as comes to us
from within or without the house, as
a result of improper methods for the
public and private disposal of the
wastes of the body and of the house-
hold ?

Concerning the injurious ground air,
it may be assumed, however serious the
difficulty, that it may be nearly or en-
tirely remedied by a thorough draining
of the soil below the level of the house
cellar, by making the cellar-floor, the
foundation-walls, and the pavement and
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walls of basement areas, hermetically
tight ; and by providing for the com-
plete, even if very slight, ventilation, of
the cellar itself. This is recognized on
all hands, at least so far as the cellar
wall and foundation are concerned, as
being  necessary to the best building
In time it will come to be absolutely
required by publie authorities who have
the regulation of the way which build-
er’s work must be carried out.

That the importance of this complete
separation of the house from the ground
under and about it 1s by no means pop-
ularly regarded as essential, our daily
observation proves. Those eontractor-
built rows of cheap houses, built by the
block and sawed off in sixteen-foot
lengths to suit the demand, which have
covered so many hundred acres of this
city, are built almost invariably without
the least regard to the influence of the
soil below them upon the health of those
who are to live within them. That strict-
ly American adjective, ¢ first-class,”
which makes every degree of badness
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acceptable to the ambitious mind, hasits
requirements fully satisfied by a certain
conventional expenditure about the front
and the entrance door of the building,
by high ceilings, and in these latter days
by a judicious touch of * Queen Anne”
joinery and paper-hanging. The house
may be the veriest rattle-trap that ever
trembled over the site of' a recent swine-
yard; there may be the freest racing-
cround for rats from garret to cellar;
it may have twenty openings in its
drainage system, which are separated
from the street sewer only by ineffective
and often inoperative water-seal traps;
its foundation walls may leak, and its
cellar may often hold stagnant water.
With all these defects, and with all the
‘“scamping ¥ of its work, which are evi-
dent to the practised eye, if' its experi-
enced builder has had the shrewdness to
give it that touch of cheap finish which
makes 1t ¢ first-class,” he may count on
a price that will make his operation a
good one. Should he be able to add the
taking recommendation that the house
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has been built ¢ entirely by days’ work,”
1t matters little that it was the days’
work of apprentices and bunglers.

One of the almost universal
defects of New York houses is strictly
fundamental. The proportion of houses
of the costlier sort that would bear
a rigid inspection as to the efficieney
of their cellar-floors, foundation-walls,
and areas, must be extremely small.
The gravity of thisdrawback issuflicient-
ly understood by all who know the pre-
valent ailing condition of the women
and children whom these houses shelter.

Much more serious, when measured
by the death and pain that it produces,
though hardly more so with regard to
its effect on the health and eflicieney of
the people, is the question of disposing of
the household wastes.

Men living in widely scattered com-
munities find it easy, in their rude way,
to get rid of the organic refuse that
thvj,' produce, without serious injury to
their health.,  As houses are made tight-
er and are more gathered together, the
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trouble increases with regard both to
the waste of each household as reacting
upon its own members, and to the influ-
ence that it may have upon the mem-
bers of other households.  When men
gather together into closer built towns,
they bring with them at first the insti-
tutions of the village—the vault in the
back yard, the leaching cesspool, and
the slop-gutter. The methods of life im-
plied by the use of these systems are ac-
companied by defects of construetion
and ventilation which give a high death-
rate. It may be questioned wheth-
er, with a publie supply of good water,
there 1s any great amount of actual poi-
soning occasioned by such disposal of
filth. Indeed, the statistics of health i
Philadelphia show an exeeptionally small
death-rate in those districts where the
slop-water of the house is carried away
through surface channels, and where
the gutters at the sides of the streets
are almost constantly running with soap-
swds and kitchen sink waste, The un-
tidiness suggested by this custom malkes
8
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it one of the first efforts of the dainty
and fastidious to hide such matters out
of sight, by passing them away in cover.
ed channels.

Human ingenuity has been able as
yet to devise no system for the disposal
of all manner of Liquid waste which is at
once so inoffensive, so invisible, and so
healthful, as a well-arranged system of
water-carriage removal. The unfortu-
nate thing about it all is that it is easy to
meet the requirements of the fastidious
by such a development of the system as
is, from a sanitary point of view, the
worst possible.  Marble-top wash-stands
with silver-plated fittings, decorated
china closet-bowls, planished copper
baths set in eabinet work of hard wood,
stationary trays in the laundry, ana the
brightest and handsomest workman-
ship wherever the plumbing is visible
throughout the house, are too often—in-
decd it 1s hardly extravagant to say
almost universally—the outward mani-
festation of most pestilential hidden
dangers.
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Art can hardly achieve more in the
way of luxurious appointments than is
compassed by all of these details in a
modern house of the best sort. The
character of their finish has much to do
with the estimate that the intending
purchaser or tenant puts upon the house
he examines, and they are the subject
of some of the most minute of the archi-
teet’s specifications.  When we consider
the interior construction and arrange-
ment of the hidden system to which they
belong, we approach a part of the sub-
ject concerning which the purchaser,
the architect, and the tenant, are too
often ignorant and indifferent. Nor do
the dangers which belong to the modern
house drainage system cease when we
pass the limit of private work, and come
to the public sewer to,—and from,—which
the house drains lead.

The sewer and the drain meet one im.
perative requirement of the community
They are hidden from sight, and their
processes are not offensively manifest,
as are those of the slush-bearing surface
gutter.
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It is often assumed, perhaps because
of the name given to the air of which we
hear so much and which is so widely de-
structive,—“sewer-gas,”—that the difli-
culty lies entirely or chiefly in the public
sewer, and that we have only to improve
the character of this, or so to detach
our private system of drainage from
it as to prevent the transmission of its
air,

It is probably true that no city ofits
age can rival New York in the defective
condition of its brick scewers. They are
too often badly planned, badly built, and
badly kept, and they do unquestionably
produce a vast amount of disease and
death. We can by no means, however,
charge them alone with all or nearly all
of the harm that is done; for so far as
the production of dangerous gas is con-
cerned, the waste-pipe of the house 1tself,
smeared from top to bottom with the
foulest organic matter, putrefying under
the worst conditions, and with frequent
variations of temperature caused by the
entrance of hot and cold water, i3 af
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least a brave rival of the worst street
sewer,

The lack of ventilation of even the
best sewers of New York and of Ameri-
can cities generally, makes it important
that we shut off as completely as possi-
ble the communications between the air
that they contain and the air of our soil-
pipes. Were these sewers well made
and properly ventilated, the suggestions
about to be offered concerning the soil-
pipe might be materially modified ; but
circumstanced as we are with reference
to the publie sewer, we must arrange to
use it only as a means for getting rid of
our liquid outflow, and must provide for
our security against injury from its poi-
sonous gases by a proper construction of
our own cloaca minima ; that is to say :
we must have no more to do with the
publie sewer than is absolutely necessa-
ry, treating it as a deleterious outside in-
fluence against which safeguards must
be adopted.

There are still very many houses in
all our cities in which lead soil-pipes are

o+
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used. The experiments of Dr. Fergus of
Glasgow have demonstrated in the elear-
est way the great susceptibility of lead
to the corroding influences of the foul
gases arising from organic decomposi-
tion. Ile cites a great number of in-
staces in which even after a few month’s
use the action of these gases upon the
material of the soil-pipe has perforated
it through and through, and in some
cases completely honeycombed a con-
siderable area of its wall. This effeet is
produced by gases and not by the foul
water, as 1s proven by the fact that the
perforations are always at the upper
side of the pipe, and never on its lower
side, where the water flows. It occurs
along the upper side of horizontal and
oblique pipes, and especially at the
upper side of a bend, as in front of a
trap; for the reason that the lightness
of the gas causes it to lie chiefly against
these parts of the pipe. The perfor-
ations being at the upper side of the
pipe, they are not manifested by the
leaking out of water, as the conduit is
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ravely filled. Often where it is horizon-
tal or oblique, it serves only as a gutter,
its upper side being largely eaten away.

Even the smallest perforation may
become a source of the most serious
danger; a mere pin-hole may permit
the escape of such an amount of air
from the pipe as to poison the atmos-
phere of a large room. The apertures
formed by corrosion, however, are rarely
so small as pin-holes, and they are not
infrequently large enough to admit the
finger.

In modern pracfice it is almost uni-
versal to use for the soil-pipe and the
larger branch-wastes, cast iron in the
place of lead. This material is not sus
ceptible to perforation from the action
of 1ts contained gases; but, as drain-
age works are constructed, it is often
fed by numerous waste-pipes  of
lead, which come to it from bath-tubs
wash-basins, Dbutler’s sinks, lzmmlr},'
trays, and urinals, and even the water-
closet usually has a trap or a conneetion
pipe of lead. All of these leaden con-
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neetions are subject to the same liabili-
ty to corrosion as is the lead soil-pipe
itself'; and in one sense they agoravate
the danger, from the fact that perfora-
tions occurring in them are more likely
to discharge gas into sleeping-rooms or
into the more frequented parts of the
house.

The especial adaptation of lead to the
construction of these minor waste-water
channels because of its flexibility, and
of the ease with which it is jointed, make
it almost necessary that it should be
used ; but, as plumbing-work is gener-
ally constructed, it is used with more or
less risk.

The old soil-pipe was invariably a
tight one, and was generally separated
from the connection with the sewer by
a trap. The air it contained was not
only extremely foul, but it was subject
to expansion on the admission of warm
water, and from the production within
it of the gases of decomposition. This
expansion st be relieved ; and it in-
variably is relieved under such circum-
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stances, by the forcing of that one of
its traps which has the least head of
water to be overcome, The air In a
street sewer is generally subject to more
or less expansion from the same source,
and to compression by the entrance of
large volumes of storm-water, and by
the blowing of strong winds against 1ts
outlet. The pressure in this case finds
its relief by forcing the wealkest house-
drain trap, and the weakest trap be-
tween that house-drain and the interior
of the house.

It has for some time been usual in all
complete plumbing-work to relieve the
soil-pipe by carrying a small * stench-
pipe ” from its upper part, out through
the roof of the house. This is gener-
ally a pipe not more than 114 or 2
inches in diameter; and in order to pro-
tect it against the admission of rubbish
from above, it is either domed over, and
perforated with a number of small holes,
or its upper end is bent so that its out-
let shall be turned downward. Where
this pipe is not so long and crooked as
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to offer considerable resistance by frie-
tion, and where the perforations at the
top are sufliciently large and numerous,
1t serves a good purpose in relieving the
pressure of expansion. Under quite
unfavorable circumstances it will still,
probably, be easier, for the pressure to
relieve itself through this stench-pipe,
than through any water-trap ; and in so
far as the danger comes from this cause,
1t 18 an effective device.

The morerecentinvestigationsinto the
nature of sewer-gas seem, however, to
have demonstrated that in its poisonons
condition it is the product of an obstruct-
ed decomposition ; of fermentation, which
Pasteur aptly calls “life without air.”
The atmosphere within the soil-pipe does
not contain sufticient oxygen to supply
the continuous decomposition, which is
thus checked until the oxygen which it
requires 1s supplied by constituents of
the organic matters themselves—a pro-
cess which leads to a radical difference
in the resultant gases. Instead of being
a thorough destructive oxidation of the
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material, it becomes a putrefying decom-
position, producing foul smelling and
dangerous results,

That part of the soil-pipe which car-
ries the waste of the butler’s pantry and
the kitchen sink, is more or less charged
with melted grease, which coats the ae-
companying particlesof food andof filth,
and so shelters them from the action of
the air, giving the same pernicious
character to their decomposition.

The most important improvement in
house-drainage that has been made 18
the comparatively recent one which has
grown out of our better knowledge of the
true character of the decomposition tak-
ing place in the soil-pipe. 1t has for its
objects—and it accomplishes these ob-
jects perfectly—the reduction of putrefac-
tive fermentation to thelowest minimum,
and the complete and immediate dilution
of the gases which the slight remain-
ing putrefaction does produce. Itconsists
m creating throughout the whole length
of the soil-pipe a constant supply and a
constant movement of fresh outer air-
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lixeept for the danger of freezing in cold
climates, the best way to accomplish this
purpose 1s to admit a small air-pipe—
one inch i diameter will be suflicient—
at the lower end of the soil-pipe, at or
near its passage through the house-wall,
and the continuing of the soil-pipe itself,
full bore, up through the root of the
house, furnishing it with an efficient
cowl, to increase its draught.

In climates so cold that even this
small direct admission of air would be
dangerous, the pipe through which it
comes may pass for a greater or less dis-
tance under the ground, or inside of the
cellar, to raise the temperature of its air
above the freezing point. With a good
draught in the soil-pipe itself, enough
fresh air may be admitted through ¢ven
fifty feet of one-inch pipe.

Fludder’s modification of the system
is even more complete and effective, and
its adoption will add little to the cost of
the best plumbing work.

IFludder not only carries the soil-pipe
through the roof, but he also carries an-
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other pipe of the same size from the up-
per side of the soil-pipe where it is about
passing the foundation wall, along the
ceiling of the cellar, and up through the
kitchen-chimney flue—the only flue in
the house that is sure always to be heat-
ed. The course of the air in this case is
down the main soil-pipe, and up the
kitchen-chimney ventilating flue. It se-
cures a large volume of air—there can.
not be too mueh—and the all-lmportant
constant circulation. A valuableadjunct
of this system is a damper or valve in
the main soil-pipe, above the highest
closet connection,which ordinarily stands
open, but which being connected with
the pull-up lever of each closet, is closed
when this is raised. The construction
of the closet is such that when it is being
emptied, there is no trapping water be-
tween it and the soil-pipe.  When the
handle of the closet is raised, its first ef-
fect is to close the valve in the soil-pipe,
and its next to open a free passage be-
tween the water-closet and this pipe.

While the closet is thus open, it affords
T
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the only inlet forair to supply the draught
for the ventilating flue. When the han-
dle is released, the closet seals itself with
water; the valve in the upper part of
the pipe 18 opened, and the free cireula-
tion 1s re-established. Should the
amount of cold air admitted by this sys-
tem be enough to cause a closing of the
soll-pipe with gathering frost, this very
closing will prevent the further admis-
sion of air, and the warmth of the house
will soon melt away the obstruction ;
which, Dbe it understood, isat a high
point m the soil-pipe, where it is not
likely to do harm, as it would do at its
lower end.

Wherea ventilating cowlis to be used
to maintain a draught, it is important
to consider its kind. The present move-
ment, both here and in England, 1s in
favor of some form of mechanical device
by which the action of even a slight
wind shall inerease the suction by me-
chanical means, whenever a slight wind
is blowing. It is more important that
the current through the soil-pipe should
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be constant, than that it should be rapid;
and these mechanical cowls, of which
Banner’s and the Archimedian are good
examples, offer a certain obstruction to
the flow when at rest. In baffling winds

Janner’s  cowl especially may easily
cause a back draught.

Whatever may be best forsmoke-flues,
nothing has yet been devised which is
so good for soil-pipes as the old * Emer-
son” ventilator, of which the patent has
run out, and which therefore lacks the
advocacy of liberal advertising. This
cowl inereases the draught with every
wind that blows, and in every eddy;
and when the atmosphere i1s at a dead
stillness, 1t offers no obstruction to the
flow.

The soil-pipe  being properly con-
structed and duly ventilated, the only
further practical improvement in the
waste drain system seems to lie in mak-
ing its branches, which lead from bath-
tubs, wash-basins, ete., as short and as
large as practicable, so that they may
partake, by the transfusion of gases, of
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the purer condition of the air in the
soil-pipe itself. It will not always be
possible to ventilate cach of these pipes
mdependently, though this is always
desirable ; but with a ventilated soil-
pipe and large, free waste branches, we
need fear no serious tainting ot the air
that they contain.

Did the limit of" this paper suffice, it
would be well to consider the construe-
tion and location of water-closets: but
I must confine myself to the simple
question of the proper ventilation of the
apartments i which they stand. Un-
fortunately, it is rarely practicable, as
our houses are arranged, to give them
an open outer window ; but they surely
require some more efficient means of
ventilation than a small hole in the wall
more than half closed by the air-hother-
ing network of a register, aind leadnig
into a small flue choked and obstructed
from bottom to top with rough lumps of
intruding mortar. The ventilation of
these apartments would be materially
improved by the use of shafts ol six-inch
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earthenware pipes smoothly jointed,
discharging well above the roof, and
protected by an elevated cap against
the entrance of rain water.

There is a somewhat active modern
crusade against the stationary wash-
bowl ; and as stationary wash-bowls are
ordinarily arranged, the erusade 1s cer-
tainly justified. At the same time, the
convenience of these appliances, and
the degree to which they angment the
luxury of an abundant water-supply,
and a good drainage system, are so
ereat that i1t 18 worth an effort to retain
them. A stationary wash-basin any-
where within the hiouse is, under its exist-
ing conditions, i danger of becoming
a channel for the influx of sewer-gas;
and even were our drainage pipes and
sewers so carefully arranged as to re-
duce the production of foul gases to the
minimum, it would still be most im-
portant to remove the possibility of the
entrance of drain air anywhere within
the honse.

I trust that I may be excused for

=
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mentioning a deviee of my own for ac-
complishing this purpose. It consists
in supplying  wash-basins, batli-tubs,
butler’s sinks, Kitchen sinks, and all
vessels, except water-closets, by which
a water-supply 1s made useful, with a
plug that closes the main outlet {rom
below, so that any pressure of gas in-
stead of forcing it open shall force it
more tightly shut, and so arranged that
it must always remain closed, except
when held open by the hand; and in
putting a stop-cock in the overtiow pipe,
worked by the same handle that works
the stop-cock of the supply-pipe, so that
when the supply-pipe 1s open and the
overtflow may be needed, this latter shall
be open also: and that when the supply-
pipe is closed, the overflow pipe sliall be
completely closed as well.  With this
arraneement it is impossible that there
should be the least conmection hetween
the air of the drainage system and the
air of the room; the usual water-trap
seal below the basin, worthless though
it is as a permanent reliance, suflices tor
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protection during the short time re-
quired to fill the vessel.

Aside from its danger, the usual wash-
basin is objectionable, as being some-
thing less than fastidiously nice. If 1t
has a plug and c¢hain, these become
soiled with dirty water, and are not thor-
oughly cleansed before the next use.  If
the waste plug is operated by a handle
rising through the slab, there is a con-
siderable length of pipe between it and
the bottom of the basin, which issure to
be coated with a slime of soap and dirt,
with which the next filling of the basin
18 materially fouled,

These latter defeets are removed by
my device, and by the recent invention of
Wheaton, of Dayton, O. If, by the use
of any of these mmprovements, the en-
trance of sewer-gas is prevented and
the dirty outlet chain or slime-coated
open outlet pipe is got rid of, I see no
reason why the most liberal extension
may not be given to the use of all man-
ner ot vessels to be filled from the public
water-supply.
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There are many minor details that
might with advantage bhe alluded to did
time permit—such as the objections to
long horizontal waste-pipes;  the im-
portance of having these waste-pipes
trapped only at their upper ends, deliv-
ering at theiv outlets into a freely venti-
lated soil-pipe; the increasing import-
ance of ventilating waste-pipes in
proportion as their length increases;
the necessity for delivering the ventila-
tion of foul pipes at such points as will
prevent their outflow of air from being
involved in the back-draught of unused
chimneys: and all the long detail of
house ventilation ; and the pregnant sub-
ject of the poisoning of the air by the
carbonie oxide produced by the burning
of anthracite, which Dr. Derby demon-
strates in his valuable monograph on
« Anthracite and Iealth;” together
with the effect on health of that foul
smelling  effluvium which comes from
the heating of organie dust by steam-
pipes, and which makes an unventilated,
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steam-heated room so disgusting to the
unaccustomed nostril.

These are relegated to a secondary
position because, like the necessity for
free sunshine in all inhabited rooms,
they are less obviously connected with
the question of life and death than is the
matter of drainage pure and simple, and
are theretore less likely to engage in-
mediate attention,

Interest in sanitary improvement will
naturally first apply itself to the more
serious canses of fatal and distressing
discase; but once awakened it will
pursue the whole range of the subject,
and will, let us hope, not abate ontil it
has compassed a perfeetly wholesome
condition in every deparvtment, and has
secured to all, what all have a right to
demand, an entively sate human habita-
t1om,



FLUDDER’S SYSTEM

FOlk THRE

VENTILATION OF SOIL-PIPES.

THE accompanying illustration shows
a new system for producing a cireula-
tion of air through the soil-pipe of a
dwelling-house, which secms to over-
come some objections to the method
now generally adopted.  Its purpose is
to secure a constant downward current
of fresh air through the pipe, thus pro-
viding a sufficient amount of oxygen to
carry the decomposition of the foul
matters remaining within the pipe, and
the foul sliming of the inner surface, to
sucha point of completeness as shall pre-
vent the formation of poisonous gases.

Another effect secured is the creation
of an inward draught, whereby the ten-
dency of the gaseous contents of the soil-
pipe to escape through water-traps,
ete., is reduced, while imperfections 1in
the pipe would be likely to Dbecome
inlets rather than outlets —{resh air
entering them at these points, instead of
foul air escaping.
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teferring to the diagram, “ A” indi-
cates the soil-pipe descending from with-
out the roof through the house and the
cellar, and passing on to the sewer. At

the point ¢ @, outside the house, 1t is
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trapped in sneh a way as to prevent
air from being drawn from the sewer,
At 1ts  lowest point in the cellar,
below the junction of the wastepipe
from the laundry trays, another pipe
“B7 of the same size with the soil-pipe,
or preferably somewhat lareer, is con-
nected with the soil-pipe by two legs:
the purpose of this double conmection be-
ing to prevent a downward dranght on
the pipe “ B,” by the flow of water past
its mouth. The pipe “DB” rises to the
celling of the cellar, and crosses to the
line of the kitechen chimney — the kiteh-
en chimney, because this is the only one
i the house which can be depended
upon tobe kept constantly warm enough
to ereate an upward corrent, 1t then
turns upward, and passes througn the
kitchen flue to a point well above the
top of the chimney, preferably consider-
ably farther above than the diagram
shows.

For cold climates, there is an addi-
tional arrangement for reducing the
area of the air inlet.
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So far as deseribed, this arrangement
must lead to a constant descent of air
through the pipe “ A to its point of
junction with the pipe “B,” and an as-
cent through this latter to the point of
escape above the chimney. For this
purpose alone the arrangement is pro-
bably the best that has been devised;
but its further features, concerning the
attachment of the water-closets, are no
less worthy of commendation. These
closets “C” and “D?” are connected
with the soil-pipe by untrapped outlets,
although the bowls of the closets are
separated from this outlet by an ordin-
ary water-seal tilting-pan. 1t 1s assum-
ed, and probably correetly assumed,
that the movement of air down the soil-
pipe would create sufficient friction to
keep up a constant movement in the air
contained in the short outlet-pipes, and
in the receiving-chambers below the
closets ; enough so to prevent any in-
jurious stagnation. By an ingenious
device, the lever which tilts the sealing-
pan when the closet is used is attached

8
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to another lever connectod by hell-wire

with the damper in the upperpartof the
soil-pipe.  In its normal condition this

damper stands open.  When the handle
of the water-closetisraised, 1ts first erect
is to close the damper, and thusprevent
the supplying of air from the summit of
the soil-pipe ; its further movement tilts
the scaling-pan,and discharges the con
tents of the closet into the soil-pipe.  As
soon as the sealing-pan is open, the de-
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mand for air to feed the dranght of the
ventilating pipe in the chimney-flue can
be supplied only through the closet; a
downward draught is established, which
is sufficient to carry with it all odors,
and entirely to change the air of the
receiver and branch-pipe below.  There
being no trap in the branch-pipe, the
contents of the bowl are flushed immedi-
ately through into the soil-pipe, instead
of remaining to decompose, as they do
in the bend-trap now almost universally
used.  The handle being released and
allowed to fall back, the first effect is
the closing of the water-seal ; and this
is immediately followed by the opening
of the damper, which re-establishes the
current from above the roof. In the
diagram the damper in the soil-pipe is
shown at ¢ b-e,” and 1ts connection with
the closets by the line “d-d.” It is
immaterial how many closets are used.
Each one has its independent connect-
mg-wire leading to the damper; and
when any one of these is drawn taut,
closing the damper, the wires connected



88

with  the other  closets stmply  fall
slack.

Should 1t not he expedient or advis.
able  to carry the upward  air-pipe
through the Kitchen chimney, it may
pass independently through a high point
of the roof, and be furnished with a zood
ventilating cowl, for maintaining a con-
stant current. At “¢” there i1s shown
a chamber or enlargement of the pipe,
containing  a  wind-wheel. by which
(through a glassat one side of the cham-
ber) one may see the effect and constan-
cy of the current. Ifor experimental
purposes this may be very well: but for
practical use it 1s of no value,and it must
have a certain, even though very slight
retarding eflect upon the current—idue
not only to the power required to move
the wheel, but to thedisturbanceof fiow
resulting from nregularity of form. ¢ 1.”
indicates a method for ventilating the
cellar, which is quite independent of the
main device. This may also serve for a
smoke flue for the laundry.



EXTRACTS FROM CORRESPONDENCE

o g A ‘ dols r .,
-U:]H: ;jimrm.m Alrllﬂut and ﬁmldmg ﬁrws.

DISPOSAL OF THE LIQUID WARTE

COUNTRY HOUSES.






CORRESPONDENCE.*

DECEMBER 16, 1876.

I HAVE followed with much interest
the series of articles you have published
on “The Sanitary Condition of Coun-
try Houses,” the subject being one to
which I have given considerable atten-
tion.

It approaches, but does not quite
reach, one of the points involved, which
is of so much importance, that I venture
to ask for its consideration in a subse-
quent paper. The question I refer to is
that of the disposition of sewage from a
country house, where there is no town
drainageavailable, and where the grounds
swrrownding the house are level (which, by
the way, is the usual condition in country
towns). To simplify the consideration,
let 1t be supposed that there 1s a street

*4T" i HeExry R. Townwek, Esq., of Stamford,
Conn. “B.” is JAMES BAYLES, Esq., of New York
City. “W." is the writer of the foregoing pagoes.
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water-supply, so that contamination or
springs 1s not to be guarded against;
that the house is provided with water-
closets, sinks, ete.; that the waste-pipes
are all connected with a four-inel iron
soil-pipe, and that the latter passes
through the basement wall, from three
to four feet below ground, to avoid frost.
Now, given the above conditions, how far
must the sewage be carried from the
house, and how shall it then be disposed
of ?

Obviously the character of the soil
is an important element; and I would
suppose, therefore, the two most ordina-
ry cases, (1) where the soil is of gravel,
porous ; and (2) where it consists of clay,
not porous. It should be remembered,
also, that the soil-pipe necessarily leaves
the house at a depth which piecludes
the subsoil irrvigation system of Mr.
Moule.

The conditions I have supposed are
such as will apply to the majority of
residences in small towns and suburban
villages, as well as to many country
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houses: and you ean do no more useful
service than by indicating the proper
treatment of this problem, which perhaps
on account of its difficulty, is one but
very lightly touched upon in most trea-
tises on sanitary engineering.

1

DECEMBER 23, 1870,

IN the communication published in
vour issue of Dee. 16, a question is raised
as to the disposal of the liquid wastes
of houses which stand on level ground—
the usual condition in country towns.
Mr. Towne thinks that the directions
contained 1n my address Dbefore the
American Public Health Association do
not quite reach this point.

I see no escape, in the case of such
houses, fiom the necessity for making the
conditions conform to the requirements.
Certainly the requirements cannot be
made to conform to the conditions.  The
production of liquid wastes which are
sure to endanger health if not properly
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got rid of, is a necessary part of the
cconomy ol every houschold,  So far as
I know, there are only five systems by
which this liquid can he treated.

1. By discharge through an open
surface gutter to a distant open vat, or
waste corner of the grounds. This is
the most offensive systew, and the one
least likely to be adopted hy persons
who are at all nice in their ideas of de-
ceney s but it 1s not necessarily danger-
ous to health, it the final deposit is at
some distance from the honse.  If the
ontter 1s kept well slushed out, the
decomposition at the distant terminus
will have its foul emanations so diluted
by the air before they can reach the
windows as to be innoxious — save for
their smell.  ITappily the sense of de-
ceney will prevent the adoption of this
tolerably safe but entirely nasty ex-
pedient.

2. By discharge into a leaching cess-
pool. Thisis the most dangerons system
vet devised, especially for houses not
supplied with water from public works.
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It is also a system which public opinion
and public authority must soon prohibit.
The covert poisoning of the ground from
which the water-supply of awholeneigh-
borhood is taken, and from which the
“oround air” rises into and around
human habitations, will not much longer
be permitted.  So far as the house itself
is concerned, there exists the further
defect of a constant formation of sewer-
cas in the cesspool, which has no outlet
save back through the pipe leading from
(and to) the house—a channel of com-
munication which no form of water-seal
trap can close.

3. A tight cesspool ; not simply a ¢ ce-
mented 7 cesspool, but one which isknown
to be, and is sure to remain, absolutely
tight. It is possible to make such a
cesspool as this, but 1t 1s not usual 3 and
it 1s possible, but it is still more unusual,
to ventilate it so that the formation of
poisonous gases need not be feared.  In
its most perfect condition it is subject to
the mnecessity for frequent emptying;
and is sure to be at best only a mitigated
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nuisance, ready to become a source of
real danger whenever its impervious
wall 1s accidentally made pervious, or
when its ventilation fails from any cause,
or when its proper emptying is neglect-
ed, or when a sudden storm causes it to
overtlow, or to set back into the house-
drain. Under the Dbest ciremmstances
and conditions, such a cesspool may be
permitted ; but when the houscholder
himself 18 not constantly vigilant and
attentive—even anxiously so—it may
become a cause of serious mischief,

4, Dy discharging into a public sew-
er. If this 1s well contrived, well con-
structed, and well ventilated, it offers the
best solution of the problem, so far as
the individual householder is concerned.

b. By discharging the liquid waste of
the whole house (through suitable flush-
tanks and settling cisterns) into a sys-
tem of sub-irrigation-pipes as described
in the paper which suggested Mr. Towne's
letter. Where the public sewer is not
available, I regard this as much the best
device of all.
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I see no escape from such conditions
as the above paragraphs indicate as
necessary under one system or the other,
With a public sewer, the soil-pipe may
of course leave the house at a depth of
four feet or more. If the tight eesspool
is to be used, it may be placed so far un-
der ground that the same depth will be
admissible ; but my advice would usual-
Iy be against providing for any such ac-
cumulation of putrefying filth. The
sort of gasometer that the dome of such
a cesspool would furnish, onght not to
be an adjunet to any habitation.

It the sub-irrigation system is to be
used, then the grade must be made to
conform to it: that is all there 15 about
it. The soil-pipe cannot leave the house
at a depth of four feet below the level of
the ground to be used.

FFortunately this is not necessary.
The ground may freeze to a depth of four
feet ; but a soil-pipe drain carrying the
warm outflow of the house would not
freeze at a depth of two feet, probably
not at considerably less than that. My

9
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own house-drain is only two feet deep,
and has remained unaffected when the
ground was frozen solid nearly five feet
deep. My irrvigation-drains have work-
ed perfectly in the coldest weather, at a
depth of one foot. My flush-tank stands
mainly above ground, outside of the
house, and is only protected by a one-
inch board *dog-house” packed with
leaves.

These facts indicate that much less
depthisneeded than Mr. Townesugeests,
And the fact is that very few places, ev-
en in villages, arve level » there is usually
a slight fall, and a slight fall is all that
is needed.  Whatever is needed st be
furnished either by raising the house,
by lowering the ground, or by adjusting
the level of the pipes to suit the condi-
tions. Ordinarily a Little skill and mge-
nuity in such matters will suflice to ac-
complish this. I have not as yet met a
case where there was any serious obsta-
cle to be overcome.

W
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JANUARY 13, 1877.

MRr. WARING'S reply to my query as
to the best mode of disposing of the
sewaee of country houses which stand
on level ground, is interesting, but by no
means exhausts the subject.

Of the five systems Mr. Waring
enumerates, the first, second, and third,
are practically excluded from considera-
tion by him on account of theirohjections,
and the fourth (the use of a publie sewer)
is excluded by the couditions supposed
in my query, so that only the fifth (the
sub-soil irrigation system of Moule) re-
mains; and to this Mr. Waring nails his
colors with the remark that if the grade
does not admit of this system it ¢ must
be made to conform to it: that is all
there is about it.”

This position 1 think is harvdly tena-
ble, however, for in many places the
erade 15 uncompromisingly and provok-
ingly level, and eannot be altered, as, for
imstance, insuch districts as Central New
Jersey, where in some towns and villages
the grade does not vary twenty inches
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m the whole place, let alone within the
bounds of an ordinary hiouse-lot of say
[ifty by one hundred and fifty feet. I
such cases the sewage condd, of course,
be colleeted in a tight cesspool, thence
pumped into a raised flush-tank, and
then discharged into subsoil irrication
pipes: but this plan is too expensive,
both m first cost and in operation, to ad-
mit of general application, and is more-
over open to the objections Mr., Waring
makes to tight cesspools.  And thus,
Jor flat grounds, system number five is
also in many cases excluded.

If the question of cost be ignored,
there i1s little difficulty to the engineer
in dealing with the problem we are con-
siderimge, under any concelvable cireum-
stances:; but it must be remembered
that cost is almost invariably an im-
portant if not a controlling element. and
the question therefore 1s: How, at rea-
sonable cost, can we secure the best re-
sult ?

Now I believe that where, as I have
supposed, there is a street water-supply
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so that we need not fear contamination
of drinking-water, the leaching cesspool
properly used may, notwithstanding' its
conceded objections, be our best reliance.
The conditions under which it may be
resorted tn,-l conceive to be as follows :
It should be located as far from the
house as possible, but not less than fifty
or sixty feet, and should be carried to a
depth of at least four or five feet below
the mouth of the discharging sewer. Its
diameter (as dug) for an ordinary dwel-
ling-house should be at least ten feet;
and its walls of large, loosely fitted
stones, should be *“drawn in?” from a
point just above the sewer outlet as
quickly as practicable, so as to form a
dome entirely covering the cesspool,
above which, to the ground level, the
excavation should be filled in with c¢lean
earth i which vegetation should be en-
couraged.

Before closing the cesspool, two four
or six inch pipes of lead or galvanized
sheet iron should be laid in place, one

reaching down almost to the level of the
ﬂt
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sewer, and the other starting from the
apex of the dome. These pipes should
be led helow ground to some convenient
point, and then earried to an elevation
of at least eight or ten feet above
ground, and then capped with ventilat-
ing cowls, the one leading from the top
of the cesspool having a cowl so con-
structed as to create an upward carrent
in the pipe, the other having a reversed
cowl, ke a “wind-sail,” which will
force air downward into the cesspool.
By this means we prevent any pressure
within the cesspool or sewer from the
formation of gases of decomposition,and
also provide for a cireulation of air with-
in the cesspool which will constantly
dilute and carry away the
purities.

In laying the sewer or drain from the

QUSCOS 1m-

cesspool to the house, the precautions
which Mr. Waring suggests shoutd be
talken to secure tight joints and a solid
bed ; a good running trap should be in-
serted not far from the house and the
iron soil-pipe from within the house care-
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fully connected. Within the house, the
soil-pipe itself should be independently
ventilated by carrying its upper end out
through the roof, and making an open-
ing in its lower end in basement to com-
plete the circulation. One or the other
of these openings must be connected with
the kitchen flue (in which there is always
a fire ), and the other with the outer air.
Thus equipped, we have a system which
is at least safe against the entrance of
“sewer gas” by the ordinary channels,
The existence of any pressure within the
soil-pipes and drains is guarded against,
and the system of ventilation provides
for the constant dilution and removal
of gascous products of decomposition
whether produced in the cesspool or
soll-pipes.

The remaining sources of danger are
from impure ¢ ground-air,” and the vi-
tiation of the local water. The latter is
admitted as a fact, and the plan under
discussion is recommended only where
the water-supply is brought from a dis-
tant and untainted source. The former
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only need therefore he considered. Now,
assuming a moderately pervious soil at
the level of the bottom of the cesspool
(and without this the eesspool soon be-
comes practically a tight one,) the pure:
ly fluid part of the sewage will prohably
travel a long way, indeed—will mingle
with the subterranean streams which exist
tn almost all localities.

But it should be remembered that all
of this sewage is usually enormously
diluted with water, that we have pro-
vided for the removal of its more vola-
tile constituents, and finally that the
liquid portion in flowing away passes
through what we may regard as a huge
filter which washes out and retains the
remaining organic constituents.  So
long as the surrounding soil is able to
decompose and absorb the matter thus
committed to it, no danger acerues. In
the course of time, however, the capae-
ity of the surrounding soil is exhausted ;
and the gases resulting {from the de-
composition of organic impurities hegin
to rise, unpurified andnoxious, through
the upper strata of the soil.
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At first the absorbent and disinfec-
tant powers of the latter will disarm the
enemy ; but ultimately the impure air
and gases we have so much cause to
dread will reach the surface,and mingle
with the outer air. DBut when this 1s
the case, are we any worse off than un-
der the “subsoil irrigation” system ?
With that «ll the decomposition oceurs
at the surface of the ground, and de-
pendence is placed on vegetation and
free admixture of the air to neutralize
its effects.  But why are not the same
means to be equally relied upon for
neutralizing and dispersing the products
of decomposition which may oceur at a
greater depth below the surface 7 Prob-
ably these products are diffused over a
much greater area of ground on reach-
ing the surface than they would be un-
der the other system, and are already
diluted and partially disarmed for harm.

One caution should be observed,
however, where this plan is followed,
particularly where the cesspool is not
well removed from the house ; namely,
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to guard against any possible rising of
cmanations from the ground within the
howse, by having well-cemented cellar
walls and floor (or, better still, in addi-
tion to these, an open area around the
house) ; but this precaution is one that
ought to be observed with any system,
and m all houses.

In conclusion let me say that the
above plan is only sngeested for houses
“which stand on level ground,” and
which have a safe and abundant water-
supply. For more favorably situated
cases, better plans, no doubt, are avail-
able; but for the case I have supposed,
I have seen none suggested by which
at moderate cost equal safety can be
secured. But i this correspondence 1
have been a secker after knowledge,
not an expounder of it; and I shall be
glad to learn of better plans than that
1 have suggested, if such there are.

g
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JANUARY 27, 1877.

MR. TowNE instances the case of a
house standing on level ground, such as
prevails in the villages of Central New
Jersey, and suggests the course to be
pursued where the character of the sur-
face makes it impossible to secure the
requisite fall for the use of sub-irrigation
drains. He supposes the case of “an
ordinary house-lot, say fifty by an hun-
dred and fitty.,” Let us suppose, by way
of illustration, that the rear fifty feet of
such a lot is to be used for the disposal
of sewage by underground land-drain
pipes.  One of the conditions of the
success of the system is that the slope
shall not be too great.  In arranging
the sewerage of Lenox, Mass., where a
large volume will be distributed, I have
taken a fall of one in three hundred, or
four inches to one hundred feet. TFor a
private place where the wastes of a sin-
gle household are to be accommodated,
and where the flush-tank would not dis-
charge more than from thirty to fifty
gallons at a time, it would be better to
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have a fall of one in two hundred, or six
inches to one hundred fect. More than
this would be too much ; and were the
slope greater, I should propose to Jay
the lines on a course dingonal tothe in-
clination of the land. The reason for
this 1s, that if the inclination is greater,
the flow runs too rapidly to the far ends
of the lines, instead of leaking out more
equally at each joint of its course,

To provide a fall of one in two hun-
dred on the rear fifty feet of a level lot,
would require a slope of only three inclies,
which could be made by handling an
average depth of one and a half inches
over the whole, or only about three hun-
dred cubicfeet of earth—an amount less
than the ordinary modifications in erade
of any tolerably finished house-lot. In-
deed, a part of the slope required could he
given in the drains themselves, as there
probably would be no disadvantage in
making them alittle more or a little less
than twelve inches deep at their ends.

I trust that this explains my state-
ment that there is no practical difficulty

—
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in arranging for the application of this
system, even on level ground.  Of
course, provision must be made to deliv-
er the soil-pipe, or the outlet of the
flush-tank, at a point sufficiently high
to reach these drains; but there is not
the least difficulty in doing this. The
question of cost, so far from being ¢ ig-
nored,” is a leading argwment in favor
of the Irrigation-drain system ; for in no
other way, even on level ground, can
the problem be so cheaply solved.

My, Towne's sugeestion for a leach-
ing cesspool is simply inadmissible. 1
am confident that no sanitarian, who has
kept himself at all well informed of the
progress of knowledge on this subject
would permit the use of this deviee.
The suggestions for the construction
and ventilation of such a cesspool are
practical and good in their way ; but
the objection to it is radical, and cannot
be overcome. There are many condi-
tions where, so far as the immediate oe-
cupant of the house ix concerned, no
harm may be done ; and of course in the

10
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country, where the excavation is made
at a distance from any probable future
house site, there is less to be  said
against it.  But in any congregation of
houses in a town or village, the public
authorities should strictly prohibit any
such fouling of the earth.

If the soil is so tight that there is no
leaching, then, however loose the wall,
there i1s no escape of the liquid. If
through sand, gravel, porous strata, fis-
sures 1n rock, or any other means of es-
cape, the liquid soaks away, we may be
quite sure that it will carry with it to
greater and greater distances as time
goes on, and, as the soil becomes foul, it
will retain the objectionable or danger-
ous ingredients. Deep down in the
carth, away from the action of the at-
mosphere, we lose the eftect of the
cleansing oxidation of the air, and of
the action of roots, which are the Dbest
agents in purifying all manner of sew-
age. In fact, the objection is a radical
one.

We cannot safely retain on our



111

premises a putrefying mass of organic
filth ; and our own safety, and the safety
of the community, require that weshall
not pour this filth into unknown subter-
ranean recesses, from whieh it may taint
the water of the wells and the ground-
air under houses.

Mr. Towne suggests the cementing
of cellar floors as a safeguard against the
rising of foul air into the house. To ac-
complish this end, such cementing must
be absolutely tight, and the same tight-
ness must be given to the surrounding
wall. Both of these conditions are im-
poriant, to the best building, but they
are often neglected for the sake of econ-
omy. So far as the drainage question
is concerned, they would cost much
more than would the adoption of the
irrigation-drain system, even including
the shght modification of grade that
this might make necessary.

Mr. Towne asks, Why are we worse
offt with the exhalations from leaching
into the deep soil (and under our
houses) than with the 1rrigation system
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where the whole of the decomposition
takes place close on the surface of the
ground ?

Precisely becanse of the difference
between a decomposition taking place
in the absence of fresh air and roots
and the rapid and destruetive process
which these agencies insure.  The most
serious evils may result from the putre-
faction of organic matters stored in
large masses, or closely covered from
the air. The same materials consumed
by the concentrated oxygen of aerated
carth, especially when an active vege-
tation stands ready to take up the re-
sults of the decomposition, produce no
hurtful result. W.

FEBRUARY 3, 1577,

Toe communications printed m a
recent issue of your journal, from Mr.
Waring, jun., and Mr. Towne, discussing
the drainage of houses on level ground,
have raised a question of great interest,
and I ask permission to say a few words
on the same subjeet.
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There are situations and conditions
which render practicable the system of
house-drainage preferred by Col. War.
ing, which disposes of the liquid waste
of the house by means of flush-tanks,
settling cisterns, and irrigation-pipes.
I have employed this system, somewhat
modified, in draining my own country
house, which stands on high ground,
and has a sloping lawn of more than a
hundred feet width, in the best position
for the accommodation of irrigation
pipes. I do not believe, however, that
the system is one which admits of gen-
eral adoption, nor one which will meet
the requirements of most houscholders
living within the narrow limits of town
or villagelots. Evenwhere practicable,
it does not seem to me to possess the
theoretical excellence which is claimed
for it. In swmmer, when evaporation
is rapid and vegetation active, it s pos-
sible that the organic matter in the
waste of a house would be taken up and
assimilated by plants as rapidly as it

could decompose in the soil; but I ay,
16*
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not quite sure that even this is true in
all soils,

I have watched very carefully the
workings of the system in my  own
grounds ; and while the lines of drain-
pipe are laid within cighteen inches of
the surface, which is quite even, I have
failed to discover any indications of a
more rapid or luxuriant erowth of grass
or weeds near the pipes thanremote from
them. If, however, it he conceded that
the system works well in summer under
average conditions, I fail tosee that my
buried pipes are much—if any—Dbetter
than a leaching cesspool during the win-
ter months, when the ground is frozen
and vegetation dormant.

During this time the eround surround-
ing, and particularly that underlying the
pipes, becomes charged with impurities
which it cannot dispose of in a legiti-
mate way. Long before they can be
appropriated by growing plants, thaw-
ing snows and heavy soakimg  rains
carry these impurities deep into the soil
where the plants cannot reach them.
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In a light, porous soil there is nothing
to hinder these aceumulations of six or
seven months of each year from work-
ing down until the soil 1s saturated
and our own or our neighbors’ wells
polluted. We have, in the Northern
States, only about five months of warm
“orowing-weather;” and in my judg-
ment, draining into the soil during the
other seven months means pollution of
the soil.

IFrom a careful study of the prob-
lem of house-drainage in unsewered
neighborhoods, I am satisfied that the
tight cesspool system is the only one
which is practicable, I have many times
during the past few years had oceasion
to recommend a plan of drainage which
has the advantage of adaptation to all
the conditions I have yet encountered
in practice. It is neither an invention
nor a discovery ; but in these matters
the attainment of cood results is of
much more consequence than novelty
or ingenuity m the means employed. |
contract with a responsible mason to
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build a cesspool as “tight as a hottle.”
The price depends somewhat upon cir-
cumstances ; but as 1 seleet my mason
and give him to understand that lie is
to estimate honestly on the cost of first-
class materials and workmanship, and
not as a competitor for a contract to he
given to the lowest bidder, the price is
usually reasonable and the work always
cood.

When there is plenty of room, I put
the cesspool from fifty to sixty feet from
the house ;3 when the lot is small, T put
it as far away as I ean. In shape the
cesspool is muceh like an old-fashiouned
coffec-cup; 1ts size, taking an average,
1s five feet diameter at top, and six feet
deep. 1 cover this with a stout plat-
form, removable at will, from the mid-
dle of which rises a wooden chimney ten
or twelve inches square in cross sec-
tion, and three to five feet high, capped
with one of Mr. Baldwin Latham’s
charcoal ventilators, or with a device
embodying the same principle. At one
side of the platform I set a pump—any
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one of several makes is adapted to the
purpose—and run thesuetion-pipe down
to the bottom of the cesspool.  This
pump is a permanent fixture, and 183
always ready for use. The house con-
nection is made in the usual way ; but
[ have no traps at any point on the
line of the main waste or soil pipe, or
the house-drain proper.  The soil-pipe
is carrvied up of one size from the foun-
dation wall to and through the roof.
The branch waste-pipes are of conrse
trapped ; but I take the precaution to
use traps which canmot lose their seals
from any cause except evaporation.
The danger to be apprehended from the
absorption and transmission of* cesspool

gases by the water-seals of such traps
18 obviously very slight, at most. Wit
the house-drainage system open at hotlh
ends, no accumulation of gases at any
point where they can be held under
pressure is possible.

When the eesspool is fully it can be
cmiptied in any way most convenient.
In a town or village where an odorless
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excavator can be ordered, it may he
emptied by lifting out the ventilatinge
chimney, and dropping the suction-pipe
of the apparatus throngh the holein the
platform. I the houscholder must at-
tend to the work himself, he ean do it
mn one or two ways, according to ciremms-
stances.,  In summer, it he has a gar-
deny, he may employ it for surface-irri-
gation.  He ean make a trongh by nail-
ing two boards together at right angles,
and, putting one end of this under the
spout of his pump, let the other end rest
where the water will do most good.
By providing two or three such troughs
made of long boards, he can irrigate a
garden of considerable extent, and as
frequently as may be needed. The or-
ganic matter already partially decom-
posed will be at once taken up by the
plants; and the water is quickly ab-
sorbed by the dry surface soil, to be
given off again in evaporation. In the
winter, or in places where irrigation 1s
not needed for the fertilization of a
well-kept garden, the contents of the
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cesspool must be pumped o tight
vessels of some sort, and carted away.
A short piece of rubber tubing attached
to the spout of the pumps, and half a
dozen kerosene-barrelswith tight-fitting
bungs, will give the houscholder an
odorless exeavator of his own.
Concerning the: views expressed by
my very intelligent friend, Mr. Towne,
I can only say that, in my judgment,
the leaching cesspool system is the
worst which can be employed under
any circmmstances. I lately visited a
town in which this system is carried
out par crcellence. The town is built
upon a limestone formation, which is
full of eracks and fissures; and, to dis-
pose of any thing in the shape of waste,
It 1s only necessary to dig down twenty
or thirty feet, until the limestone is
reached.  Even  privy-vaults empty
themselves,  The town has a water-sup-
ply drawn  from sources not reached
by the pollution of the soil; but within
three years it has had two epidemies
ol typhoid fever, and is never free from
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sickness of unmistakable zymotic origin.
Wemustnot forget that, in pouring sew-
age mmto the soil, we are poisoning it for
the future, near and remote. Coming
generations will suffer, even if we do
not, the consequences of so reckless a
disregard of the precautions which the
experience of eenturies has shown to he
essential to the avoidance of condi-
tions prejudicial to the publie liealth.

.

NEW YORK, Jan. 22, 1877.

y -

MArcH 10, 1877.

I wAS much interested in the cour-
teous responses of Col. Waring and Mr.
Towne to my letter on the drainage of
country houses, published in your issue
of IFeb. 3, and regret that I could not
find thme for an immediate reply.

I cannot wholly agree with Col. War-
ing’s views respecting the absorptive
and oxudizing power of the soil, without
taliing certain well-defined exceptions to
his very general conclusions. A full
discussion of the points at issue must be
more appropriate to the colmmns of an




agricultural journal than to one devoted
to architeeture ; but as architecture and
drainage are of necessity closely allied,
the subject possesses a practical interest
for a very large proportion of your read-
CTs.

In my judgment, formed after some
observation, the adaptation of the soak-
age system to house drainage depends
upon a variety of conditions, primarily
upon the character of the soil.  If 1 at-
tach more 1mportance to the action of
vegetation than Col. Waring does, he at-
taches more importance to the powers of
the soil and its contained oxygen than 1
do. In his communications published
in your issue ot Jan. 27, he speaks of the
“eoncentrated oxyeen of aerated earth.”
I have never found any satisfactory evi-
dence of the fact that oxygen is concen-
trated i the soil.  Oxidation is unques-
tionably promoted by looseness of the
soil 3 but this same condition favors the
escape of gases resulting from the de-
composition of organic matter, and those
most productive of disease are not, so far

11
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as I know, appropriated by vegetation.
In assuming that the character of the
soil is of secondary importance as con-
cerns the eftiviency of the soakage system,
Col. Waring seems to contradict himself,
Very little air permeates a stiff elay soil,
as he practically admits.  IHeavy clay
soils do not in themselves exert a strore-
cr absorptive action than porous soils
The absorptive powers of clay are only
manifest when it is finely divided. as
when burned or intimately commingled
with the looser components of a light
loam.

The experiment of straining dung-lig-
uor through soil does not prove much, if
anything, as regards the subject under
consideration.  The solid matter is sim-

ply removed by the ordinary process of

filtration, and under the combined m-
fluence of heat, moisture, and air, it
would quickly ferment.  That “organic
matter onee seized upon by the soil 1s
never again given up in an unchanged
condition,” is not, I think, established.
I know of one ease where carrots plant-
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ed in ground fertilized with material
freshly removed from an old privy-vault,
were wholly unfit for food. Washed
clean and cut with a knife, they were
unhealthy in appearance and offensive
i smell.  As to the “unyielding erip of
the interior surfaces of the soil to pre-
vent added organie matter from working
downward,” I fear there 18 some room
for doubt. It is certainly difficult to
reconcile the proposition with the fact
that the roots of plants follow the depo-
sition of organi¢ matter, and, as in the
deepened soil of the Mapes’ farm in New
Jersey, extend to twice the depth usual-
Iy reached by the roots of such plants in
stiff' soils, manifestly because the manure
had worked down as the depth of the
soil was increased.

There is a limit to the absorptive
powers of every thing, Even charcoal
has 1ts limits, although its powers are to
some extent self-renewing,  So it is with
the soil. When the surface is ice-bound
there is little opportunity for aeration.
If unfrozen below, it is likely to be sod-
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den from preceding rains, and under
such circumstances the destruction of
organic matter by oxidation would pro-
ceed but slowly.

That sewage can be discharged into
the soil continuously. without ultimately
polluting 1t to conxiderable depth and
beyond the reach of the oxidizing influ-
ence of the air, I cannot believe. 1t is no
uncommon thing to find deep wells pol-
luted by impurities carried down from
the surface. The water of wells sunk
near barnyards is often unfit for use,
even when the danger of contamination
by the flow in of unfiltered surface-water
is effectually enarded acainst.  On this
point the experiments of Dr. Lissauer,
as translated from Deutsehe Vierteljolr
sefurit in the Proceedings of the Institu-
tion of Civil Enginecrs, are not without
interest.  The results of fifty-one experi-
ments to determine the absorptive power
of soils point to the following conelu-
sions, among others :—

“71 The liquid entering the pores of
the soil displaces the air or liquid previ-




125

ously present, forcing the former up
wards into the atmosphere, and the lat-
ter downwards into the subsoil or eftlu-
ent wafter.

“2. In order that the effluent water
may not be direetly polluted by the sew-
age liquid, the maximum supply of the
latter must not be more than can be
talien up by the pores of the soil.

“3. Dry, loamy soil absorbs more
than peaty soil and gives up less, whilst
dry sandy soily, on the contrary, absorbs
less and gives up more.  Consequently
a loamy soil, though it absorbs a large
quantity of liquid, can seldom be irri-
gated ; whereas a sandy soil, though it
absorbs but little, may often be irri-
oated,

““ 4. The looser the soil, the easier
water-courses are formed in ity and there-
fore the less can its maximum power of
absorption be approached: otherwise the
sewage hquid might penetrate the sub-
soil before the whole of the ground had
been saturated.

45, In ovder therefore that the efflu-
11+
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ent water may he protected from pollu-
tion, it is especially necessary that the
absorptive power of the soil should he
known ; but the determination is of no
value unless it be made in a sample in
which the natural position of the part-
icles of earth has been undisturbed.”

I have no desive to place myself in a
position of antagonism to the system
favored and defended by Col. Waring
in his several communications. I con-
sider it good, but like all good things it
probably has its limitations. It rests
with the engineer and the architeet to
itelligently determine what these are.

In Mr. Towne's letter, I find some
statements which indicate that he has
reasoned from imperfect data.  The con-
sumption of water in cities is certainly
no standard by which to judge the con-
sumption per head in country houses
depending upon wells and cisterns; and
[ refer him to Col. Waring's last letter
for an estimate, which, thongh very lib-
eral is more nearly correct.  As regards
cesspool capacity, it must, of course, de-
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pend somewhat upon circumstances. A
nine-hundred-gallon capacity 1s by no
means anarbitrary standard.  Speaking
generally, it 1s safe to say that the small-
er the cesspool the better, imasmuch as 1t
requires to be emptied the oftener.  The
conservation of filth under conditions
favorable to the exercise of 1ts power
for mischief 18 never desirable.  ISternal
vigilance is the price of good health ;
and I have yet to see a drainage system
applicable to isolated country houses
which can be left to take care of itself
without sooner or later becoming a nui-
sance and a danger. I should never
drain roofs or carry storm-water from
any sheddimge surface into a cesspool
which also received the house-waste; and
the danger of overtlow from this cause
need not be taken into account.

B.

MARCH 24, 1877,
MR. BAYLES intimates that the rea-
soning contained in my last communica-
tion was predicated on “imperfect data,”
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for the reason that “the consmnption of
water in cities is certainly no standard
by which to judge the consmnption per
head in country houses depending upon
wells and eisterns ;7 and he refers to Col,
Waring’s estimate as more nearly cor-
rect. My statement gave an average
consumption per head per day of thirty-
cight gallons; while Col. Waring’s (in
referring to a case in which “there is no
public water-supply”) was thirty gal-
lons.  DBut by referenee to my letter of
Dee. 16, 1876 with which this discussion
commenced, Mr. Bayles will learn that
the question therein proposed was that
of “the disposition of sewage from a
country house, where there is no town
drainage available, where the surround-
ine erounds are level, and where thereis
« street waler-supply.” On these data 1
wmaintain that my reasoning was correct ;
and, indeed, my own observation 1s to
the effect that where there is an abun-
dant water service, the average con-
sumption per head is usually much more
than thirty-cight gallons daily.

|
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The problem I originally suggestedis
one of great importance; but I think it
has been somewhat lost sight of in some
of the recent communications.  In my
own limited experience I know of four
towns, the populations of which range
from 3,000 to 10,000, in which a public
water-supply has been introduced for
yvears without any corresponding pro-
vision for the removal of sewage. In-
deed, even the city of New Haven,
whieh has long had a water-supply, was
only efficiently sewered within the past
e1ght years,

Without discussion I will concede that
these conditions are intolerable, that a
sewerage system should be contempora-
neous with a water service, and that the
mtroduction of the latter should in many
instances be legally prohibited unless
accompanied by the former; but this
does not alter the tact that in hundreds
of places, precisely these most objection-
able conditions obtain, and probably
will obtain for years to come. The ques-
tion I have asked is, How, under these
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conditions, and at moderate cost, can the
average house-holder make himself most
sceewre against zymotic diseases originat-
ing from decomposing sewage ?

Mr. Bayles adds other pertinent objec-
tions to those I have previously made
against the irrigation system urged by
Jol. Waring as so universally applica-
ble; and I think it must be conceded
that this system cannot be extensively

relied upon for wse on private grounds of

small extent, particularly in our North-
ern States. At the risk of appearing
too confident in my own judgment, as
opposed to that of persons who have

made a mueh more thorough study of

this subjeet than I have been able to,
1 will say further, that the alternative
system to which Mr. Bayles has commit-
ted himself—viz., the use of tight cess-
pools—scems to be equally inadmissible,
for the reasons stated in my letter pub-
lished in your number of 17th ult.

This is eminently a case in which it 18
casier to make objeetions than to give
advice ; but the subject is one, the 1m-
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portance of which, although but little
recognized, cannot be over-estimated ;
and I sincerely trust that its discussion
in your columns may lead to a better so-
lution of it than has yet been offered,

g i

APRIL 14, 1877,
I TrRUsT that your readers are not
tiring of this discussion, for—unlike Mr.
Jayles — I think it quite as appropriate,
even in its agricultural details, to an
architect’s as to a farmer’s paper.  The
question as to the acuvion of the soil, and
of the air which it contains, upon organ-
ic impurities added to it, 1s equally im-
portant whether we are considering the
effect of this action in preparing food for
plants, or in removing conditions danger-
ous to health. It has its sanitary side,
and so claims the attention of the arch-
itect—the practical sanitarian.
It 1s to be understood that what 1
propose 1s not a ¢ soakage ” system, but
something that stops so far short of sat-
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uration that in an extreme case, as per
my communication, only about one vol-
ume of liquid is added, per day, to over
three hundred volumes of earth.  The
importance attaching to the soil as an
agent of disinfection 1s due to its known
powers of absorption and to the oxidiz-
ing effect of its contained air. ¢ Satis-
factory evidence of the fact that oxygen
is econcentrated in the soil 7 is to be found
in the recorded testimony of many in.
vestigators in the field of agricultural
physics.

Prof. Johnson, ot New llaven, says :*
“The soil, being eminently porous, con-
denses oxygen.  Blumtritt and Reich-
ardt  indeed, found mno considerable

amount of condensed oxyeen in most of

the soils and substances they examined ¢
but the experiments of Stenhouse and
the well-known deodorizing eftects of the
soil upon ficeal matters leave no doubt
as to the fact.  The condensed oxygen
must usually expend itself in chemieal
action. Its proportion would appear

* How Crops Feed, p. 216.
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not to be large; but being replaced as
rapidly as 1t enters into combination,
the total quantity absorbed may be con-
siderable. Organic matters and lower
oxides are thereby oxidized. Carbon is
converted into carbonie acid, hydrogen
into water, protoxide of iron into per-
oxide. The upper portions of the soil
are constantly suffering change by the
action of free oxygen, so long as any ow-
idizable matters exist in them,”

Schubler says:* “The carths possess
the remarkable property of absorbing
oxygen gas from the atmospherie air, a
phenomenon pointed out many years
ago, by A. von Humboldt . . .. This
property of the carths is confirmed al-
most without an exception, provided
they be employed for this purpose in a
moist state.”  In the experiments which
he instituted, exposing one thousand
grains of different earths for thirty days
in vessels of fitteen inches eubie contents
(15 inches of air containing 3.15 inches
of oxygen) he found that sandy loam

“Journal Royal Agrienltural Society. vol. i., p. 197,

12
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absorbed 1.39 inches of oxygen, clay
loam absorbed 1.65 inches and garden
mould absorbed 2.60 inches.

This looks very much like concentra-
tion.  All authorities agree in ascribing
this power of condensing oxygen (and
other gases) to all materials very much in
proportion to their porosity. As charcoal
Is very porous, this is usually taken as an
lustration,  Voceleker says o ¢ It [char-
coal| possesses the power, not only of ab-
sorbing certain smelling gases, sulphur-
ctted hydrogen and ammonia, but also
of destroying the gases thus absorbed
for otherwise its purifying action would
soon be greatly impaived. It is very
porous, and.its pores are filled with coi-
densed oxygen to the extent of eight
times its bulk,

“\We have, therefore, in charcoal oxy-
cen gas (which supports combustion or
lehts fives) in a condensed or more ac-
tive condition than in the conmon air
which we breathe.  Ilence it is that or-
canic matter in contact with charcoal
is 80 rapidly destroyed.  The beauty of

* Lathaw's Sanitary Eogincering, . 236.
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charcoal is that the destruction takes
place imperceptibly, and that its power
of burning orcanic matter is continnally
renewed by the strrounding atmospbere
so that it 1s a constant carrier ot atmos-
pherie oxygen in a condensed state in
its pores, The oxygen that acts on or-
ganic matter and burns it up is speedily
replaced, and the process goes on con-
tinually. IHence it 1s that a compara-
tively small quantity of wood or peat
charcoal is capable of destroying a very
large quantity of organie matter.”
Johnson, after deseribing and illus-
trating this action of porous substances,
says * 4 The soil absorbs putrid and
other disagreeable effluvia, and undoubt-
edly oxidizes them like charcoal, thougl
perhaps with less energy than the last-
named substance, as would be anticipa-
ted fromits inferior porosity.” Jamieson
says,t ¢ All porous bodies which offer a
considerable surface to gases aet like
charcoal.” Saussure says that charcoal
absorbs nine and a quarter times its

* How Crops Feed, pp. 170, 171.
P Journal Royal Agricultural 8'y, vol. xvii., p. 448,
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bulk of oxygen. Prof. Way says:* « The
reason that the sand accelerates the fer-
mentation of the urine is no doubt this:
all bodies possess a surface attraction
for gases, and of course therefore for
common air. This attraction, w/lich en-
ables them to condense a certain quantity
of «ir on their surfuces, is in direct rela-
tion to those swrfaces.” Way filtered
sewer-water through six inches of soil.,
In two and ahalf houwrs he colleeted half
a gallon, which he analyzed. It contain-
ed no potash, “no ammonia or nitrogen
in any form.” The original liquid con-
tained over three hundred erains to the
eallon of *organic matter and salts of
ammona.” Ile found the absorption to
extend to a weight of sewage-water miore
than equal to the weight of' the soil.  This,
be it remembered, was an instantancous
mixture, with no opportunity for a con-
stantly renewed oxidixing action.

That the soil absorbs the produets of
the decomposition of organic matter,

* Journal Royal Agricultural Seciety, vol. Xi., p.
366 ef tnfra.
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and ecarries the decomposition to com-
pleteness, no chemist would question.
This action is the basis of the efliciency
of the earth-closet. In my own experi-
ment, an analysis of the earth and ashes
used in earth-closets for six years (prob-
ably ten times over) showed that prac-
tically all of the eight hundred pounds
of solid dry matter estimated to have
been deposited during the six years was
destroyed by oxidation as completely as
it would have been by actual burning in
a furnace.

The investigations of Way and
Thompson fully determine the refention
of impurities by the soill—an action
which they ascribe largely to the double
silicates.

The porous condition of the soil does
not favor the escape of gases. On the
contrary, m the case of the earth-closet,
dry and porous earth completely arrests
the escape of gases, as is demonstrated
bhoth by the absence of smell, and by the
absence of chemical reaction. If the quan-
tity of decomposing matter is large and

]1,1
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concentrated, gas may be formed in such
volume as to force its way through, but
exhaelation does not occeur. It is not
claimed that the gases which are most
productive of disease are appropriated
by vegetation, but that they are destroy-
ed by chemical action—by oxidation.

The report of Dr. Mouat, on the effect
of the use of the earth-closet in the gov-
ernment mstitutions of India in time of
cholera, is conclusive, at least so far as
this disease is concerned.® All recorded
evidence as to the use of the earth-closet
in stopping the spread of disease is to
the same effect.

I believe that I only ¢ seem?” to con-
tradict myself, Loose soils are more
freely permeated by atmospherie air and
heavy clays are more retentive of organ-
1¢ impurities presented in solution.  The
air in the loose soil oxidizes, and the
double silicates in the clay have other
chemieal action.  There is air in all soils
sufficient to eare for the small amount of
impurities discharged by a single house-

* Twelfth Report of the Medical Oflicer of the
Privy Couneil, pp. 104, 105.
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hold throughout the mass, underlying
twenty-five hundred feet of surface ; and
there is clay enough to have an impor-
tant effect even in what is called sandy
loam.

The absorptive powers of clay are
manifest to chemical tests even when
solid ITnmps of it are penetrated by solu-
tions of nitrogenous matter. I think my
statement, that * organic matter once
seized upon by the soil is never again
given up in an unchanged condition,” is
the statement of an established fact—
with the limitation that after the soil is
saturated, it cannot * seize upon” new
supplies until the first supply has become
chemically changed. On the Mapes’
Farm in New Jersey—where, by the
way, 1 was a pupil in 1853—the manure
was ploughed down, and the deposition
of organic matter in the subsoil was
mainly due to the decomposition of the
roots of erops, which (like clover) have
the power of deep penetration. In the
clay subsoil of the richest and oldest gar-
den, we find no evidence that organie
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matter has ever “ worked down ” intoit;
on the contrary, we know that, as “ or-
ganic” matter, it does not do so even in
nearly pure sand or gravel.

Of course “there is a limit to the
absorptive powers of everything” —a
limit to everything, in fact,-—but that
Iimit in the soil is, in my opinion very
far beyond the needs of the case in hand.
S0, too, the “some extent” of the renew-
al of absorptive power is more than
enough for the purpose. 1 believe that
wells are polluted by filth Hlowing through
porous strata and rock-fissures, not by
filth that has once been fairly absorbed
by the =oil.

The quotation from Lissauer applies
to cwcessive flooding, not to the limited
discharge of sub-irrigation drains. Par-
agraph (1) seems not opposed to my
theory ; (2) applies obviously to much
greater flooding than is contemplated,
as the effluent water at Merthyr Tydvil
(less than one-tenth as much land— loose
and gravelly at that — as I have recom-
mended being used per head) remains
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pure after the filter-bed has been used
for several years. (3) All soils can be
irrigated (with sewage?), but heavy soils
may not be so profitably irrigated be-
cause they part with their water so large-
Iy by evaporation, and thus lose heat.
(4) We do not propose to tax the one-hun-
dredth part of the “maximum power of
absorption.” (5) The limitation of our
volume makes this inapplicable to the
discussion.  Of course the system of sub-
irrigation has its limitations, but it is a
vast step ahead of any cesspool system.

If the experience of the world is of
any value, it is proven that the tight
cesspool, which Mr. Bayles advocates,
conserves filth under the conditions
which are the most “favorable to the ex-
ercise of its power for mischief.” Even
eternal vigilance will not stop the putre-
faction of its contents. With some ex-
perience and observation in such mat-
ters, I do not hesitate to express the
opinion that the sub-irrigation system
may be more nearly left to itself than
any other I know about.
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I can only answer Mr. Towne’s (ques-
tion by repeating the opinion before
given— that the sub-irrigation system
15 mueh the simplest, the safest, and the
best; and that its cost is really trifling,
even where the water from the kitchen
sink, and laundry traysin the cellar, has

to be lifted with a pump to the level of

the drains. He accepts, apparently,
without question, the wrongly based ob-
jections of Mr. Bayles, and says, “1
think it must be conceded that this sys-
tem eannot be extensively relied on for
use on private grounds, of small extent,
particnlarly in our Northern States.”
To oftfset this, I can point to instances
- of success on such grounds in such locali-
ties, especially to my own, which has
worked wmerfectly, winter and summer,

for seven vears. I have never heard of

a case of failure. Theselexamples, sup-
ported by the arguments given above,
must sustain the claims of the sub-irriga-
tion disposal of liquid house wastes, or
those claims cannot be sustained by my
advocacy.
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Since writing the above I have found
in an editorial of the Agricultural
(fazette (Liondon), of March 19, the fol-
lowmg :

“The astonishing power of an aera-
ted and porous soil and sub-soil (our
knowledge of which we owe to Dr,
I'rankland) may be trusted a great deal
more than engineers appear to trust it.
Mr. Norman DBazalgette labored hard
the other evening to prove that Merthyr
filter-beds had done nothing like the
work which Dr. Frankland had declared
them capable of doing.  But the answer
to his criticism, which was given in the
subsequent discussion, seemed to us
complete; and as upon 1t rests the
safety of the cheaper method which in
the agricultural interest we recom.
mend, we reproduce it here.

“ At the close of his clear and con-
clusive argument on this subject, Dr,
[Frankland puat the matter thus: ‘I have
analyzed the effluent water from the
Merthyr filter-beds when only 230 people

radined on to them per acre, and again
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when 500, and when 1,250 people were
draining on to them per acre; and, de-
ducting and discounting the dilution by
the subsoll water, in the first case it
was thirty times as c¢lean and as pure
as it needed to be; in the second cases it
was purified seventeen times more than
enough ; and in the last case, it was still
three or four times purer than was
necessary. Is 1t unreasonable, then, to
believe that those filter-beds could have
cleansed sufficiently or even more than
enough the sewage of three or four
times as many as the greatest of these
numbers, if only the work had been
given them to do ?’

¢ Now we contend that the work was
given them to do, and that they did it.”
Then follows an explanation of the irreg-
ular distribution of the sewage over dit-
ferent parts of the ground, showing
that although each area of about one
acre received its due proportion of sew-
ace, ¢ the quarter of the plat which was
next to the carrier had its full work to
do from the first and till the last of 1ts
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six howrs’ period ; but it often was not
till two or three hours had elapsed, that
the quarter farthest {rom the feeder was
even fairly wetted. And thus it was
that while 1t may be true enough, that
it was only the sewage of 20,000 people
that was dealt with by the twenty acres
of filter-bed at Troedyrhiew—Dbeing at
the rate of 1,000 people per acre —yet
at least one-half, probably much more
than one-half, of that beautifully puriiied
effluent water must have come from areas
of the filter-bed, which were being wa-
tered at the rate of 2,000, 3,000, or 4,000
people per acre.”

My recommendation for the use of
soil for the purification of houschold
sewage was based on a caleulation of
only 175 people per acre. 1t 1s proper
to explain that when Dr. I'rankland
says, that the water was made “thirty
times as clean and pure as it needed to
be,” he means thirty times purer than
the Rivers’ Pollution Commissioners’
standard of fair potable water.

L7
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four engravings ou steel.  IFourth edition.
410, cloth, ’ . 2 : "

COLLINS. Tne PrrvaTE Boor OF USEFUL AL-
LOYS, and Mmuul.lmm for Goldsmiths,
Jewellers, ete. 3y James IE. Collins.
15mo, [luxlhlu cloth, = ;

TUNNER. A TREATISE ON ROLL- TUR\I'\G FOR
THE MANUFACTURE OF IRON. By Peter Tun-
ner Translated by John B. Pearse.
With mnumerous wood-cuts, 8vo, and a
folio Atlas of 10 lltim“’mphui plates of
Rolls, Measurements, &e. Cloth, MR

GRUNER. THE MANUFACTURE OF STEEL. By
M. L. Gruner. Translated from the
French, by Lenox Smith, AM., EM.:
with an 't.ppf-mht on tho Bmwumer Pro-
cess in the United States, by the transla-
tor. Illustrated by lithographed drawings
and wood-cuts. 8vwo, cloth, . . . .

BARBA. THE USEOTF STEEL 15 CONSTRUCTION.
Methods of Working, Applying, and Test-
ing Plates and Bars. By J. Barba. Trans-

tm-ﬂ from the French, with a Preface by
A. L. Holley, P.B. Illustrated. 12mo, cloth,

BELL. CHnemicar PHENOMENA oOF IRON
SMELTING. An Experimental and Practi-
cal Examination of the Circuwmstances
which Determine the Capacity of the Blast
Furuace, the Temperature of the Air, and
the Proper Condition of the Materials to
be operated upon. Dy 1. Lowthian Bell.
8vo, cloth, 2 . . ’

$1 00

6 00

10 00

3 50

G 00




. VAN NOSTRAND'S PUBLICATIONS.

WARD. EBTeEAM FORR THE MILLION. A Popular
Treatise on Steam awd its Application to
the Useful Arts, especially to Navigation.
By J. II. Ward, Commauder U. 8. Navy.
8vo, cloth, . . . " .

CLARK, A MANUAL orF RULES, TABLES AND
DaTA  FOR MECHANICAL LENGINEERS.
Based on the most recent investigations.
By Dan. Kinnear Clark.,  Tllustrated with
numerois  diagrams, 1012 pages. 8vo.
Cloth, $7 50; bLalf morocco, . . . :

JOYNSON. Tur MeTALS UsSED 1IN CONSTRUC-
TiIoN: Iron, Steel, Bessemer Metals, ete,
By . H. Joynson. Illustrated. 12mo,
cloth, . : a " . . . ;

DODD. DICTIONARY OF MANUFACTURES, MIN-
ING, MACHINERY, AND THE INDUSTRIAL
Anrts. By George Dodd. 12mo, cloth,

VON COTTA. TREATISE ON OrRE DEPOsITS. By
Bernhard Von Cotta, FPreiburg, Saxony.
Translated from the second German ed.,
by Frederick Priwe, Jr., and revised by
the author. With numerous illustrations.
8vo, cloth, . . . g X .

PLATTNER. MANUAL OF QUALITATIVE AND
QUANTITATIVE ANALYSIS WITH THE BLow-
Pire. From the last Gemnnman edition. Re-
vised anil enlarged. By Prof. Th. Richter,
0 the Royal Saxon Mining Academy.
Translated by Professor H. B. Cornwall.
With cichty-seven woond-cuts and lithoeora-
JPphic plate. Third edition, revised. 565 pp.
Evo, cloth, . ; 2 . . : .

PLYMPTON. THE BLow-Pirr: A Guide to its
Use in the Determination of Salts and
Minerals. Compiled trom various sources,
by George W. Plvmpton, C. E., A. M., Pro-
fersor of Physical Science in the Polyvtech-
nic lustitute, anhl_}'u&bl. Y. 12mo, cloth,
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JANNETTAZ. A GUIDE TO THE DETERMINATION
OF ROCKS; being an Introduction to Lith-
ology. By Edward.Jannettaz, Docteur des
Scicnees, Translated trom the Freneh b
G, W. Plympton, Professor of Phygical
Scicnee at Brooklyn Polytechuic ITustitute,
12w, cloth., In press.

MOTT. A PRACTICAL TREATISE ON CHEMISTRY
(Qualitative and Quantitative Analysis),
Stoichiometry, Blowpipe Analysis, Min-
eralogy, Assaying, Pharmacentical Prepa-
rations Human Secretions, Specitic Gravi-
ties, Welghts and Measares, ete., cte., ete.
By Henry A, Molt, Jr., I M., Ph. D, 630 pp.
8vo, cloth, ’ : ’ 3 : ;

PYNCHON. TINTRODUCTION TO CHEMICAL PHY-
S1CS 3 Designed for the Use of Academies,
Colleges, and High Schools. Hinstrated
with nnerous engravings, and containing
copious experiwents, with directions for
preparving them. By Thowas Ruggles Pyn-
chon, D. ID., M. A., President of Trinity Col-
lege, Hartford. New cdition, revised and
enlarged. Crownsvo, cloth, .

PRESCOTT. CHEMICAL EXAMINATION OF ALCO-
HoLle Liguors. A Manual of the Constit-
uents of the Distilled Spivits and Fernoent-
old Lignors of Comnuerce, and their Quali-
tative and Quantitative Determinations.
By Alb. B. Prescott, Prof. of Chemistry,
University of Michigan, 12wo, cloth, ‘

ELIOT AND STORER. A ComreENDIOUS MANTAL
OF QUALITATIVE CHEMICAL ANALYSIS. By
Charles W. Eliot and IFrank H. Storer. Re-
vised, with the co-operation of the Authors,
by Willine Riploy Nichols, Professor of
Chemistry in the Massachusetis Institute
of Technology., New edition, revised. 1l-
lustrated, 12mo, Ulﬂt-]l.s . . . e

$6 00

3 00

150
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NAQUET. LrEGAL CHEMISTRY. A Guide to the
Detection of PPoisons, Falsification of Writ-
ings, Adulteration of Alimentary and Phar-
maceutical substances; Analysls of Ashes,
and Examination of Hair, Coins, Fire-arms
and Staius, as Applied to Chemical Juris-
prudence. For the Use of Chemists, Phy-
Bicians, Lawyers, Pharmacists, and Ex-

erts. Translated, with additions, inelnd-
ng a Last of Huulﬁ and Memoirs on Toxi-
chnrrr ete., from the French of A. Naquet,
by J. P. Battershall, Ph. D.; with a Preface
by C. F. Chandler, Ph. D. o M.D., LL. D.
Iilustrated. 12umo, r.IuLh, ; i .

PRESCOTT. OUTLINES OF PROXIMATE D:m ANIC
ANALYSIS for the Identification, Separi-
tion, and Quantitative Determination of
the more counnonly occeurring Organic
Compounds. By Albert B. Prescott, Pro-
fessor of Chemistry, Uui!.-'{zl‘riity of Michi-
gan. 12mo, cloth,

DOUGLAS AND PRESCOTT. QUALITATIVE Cur\r-
ICAL ANALYSIS. A Guide in the Practical
Btudy of Chewmistry, and in the work of
Analysis. By 8. H. Douglas and A. B.
Prescott; Professors in the University of
I'lllu,llumm Secoud cdition, revised. 8vo,
cloth,

RAMMELSBERG. Gmm, TO A COURSE oOr
QUANTITATIVE CHEMICAL ANALYSIS, Espe-
CIALLY OF MINERALS AND FURNACE PRro-
pucrs. Illust ated by Examples. By C.
F. Rammelsberg. Translated b:f J. Tow-
ler, M. D. 8vo, lllltl'l. :

BEILSTEIN. AN INTRODUCTION TO Qh ALITATIVE
CHEMICAL ANALYSIS, By I, Beilstein.
Thiu"l edition. Trauslated 1}} | & J Osbun.

2mo. cloth, ;

POPE. A Hand-hook for ElF{*h icians n,nd Dpen
ators. By Frank L. Pope. Ninth edition.

$2 00
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SABINE. ITISTORY AND PROGRESS OF T111 ELEC-
TRIC TELEGRAFH, with Deseriptions of
SOIme of the Apparatus. By RabertSabine,
C. E. Second edition.  12mw, cloth,

DAVIS AND RAE. ITAND BOOK OF ELECTRICAL
DIAGRAMS AND CONNECTIONS, By Charles
H. Davis and Frank B. Rae. Ilnstrated
with 32 full-page illustrations. Second edi-
tion. Oblong 8vo, cloth extra, . :

HASKINS. THE GALVANOMETER, AND I1TS USES,
A Mannal for Electricians anid Students,
DBy C. . Haskins. Ilustrated. Pocliet
form, morocco tucks, ; ; H

LARRABEE. CIPHER AND SECRET LETTER AND
TELEGRAPAIC COLE, with Hogz's Tnprove-
ments. By C. 8. Larrabee. 18mo, flexi-
ble cloth, ; - . : . 4 g

GILLMORE PRACTICAL TREATISE ON LIMES,
HYDRAULIC CEMENT, AND MORTARS. By
Q. A, Gillmore, Lt.-Col. U. 8. Engineers,
Brevet Major-General U. 8. Army. Fifth
edition, revised and enlarged. 8vo, cloth,
GILLMORE. COIGNET BETON AND OTHER ARTIFI-
CIAL STONE. DBy Q. A. Gillinore, Lt. Col.
U. 8. Engineers, Brevet Major-General U.
8. Army. Nine plates, views, etc. 8vo,
cloth, : : . : ; : ; :

GILLMORE. A PRACTICAL TREATISE ON THE
CONSTRUCTION OF ROADS, STREETS, AND
PAVEMENRTS. By Q. A. Gillmore, Lt.-Col.
U. 8. Engineers, Brevet Major-General U,
S. Armuy. Seventy illustrations. 12mo, clo.,

GILLMORE. REPORT ON STRENGTIH OF THE BUILD-

ING BTONES IN THE UNITED STATES, étc.
E‘-“r ﬂlut-h,. - - . . - L] -

HOLLEY. AMERICAN AND EUROPEAN RAILWAY
PRACTICE, in the Econowical Generation
of Bteamn. By Alexander L. Holley. B. P.
With 77 lithograpled ]ihl.tﬂﬂ. Foliv, ¢loth,

U
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HAMILTON. USEFUL INFORMATION FOR RATIL-
way MeN. Cowmpiled by W. G. Hamilton,
Enginever. Sey enth edition, revised and en-
larged. 577 pages. Pocliet form, morocco,

gi.].[.' s - - . . - L] r

STUART. TiE CIviL AND MILITARY ENGINEERS
orF AMerica. By General Charles B.
Stuart, Author of “Naval Dry Docks of
the United States,” ete., ete. With nine
finely-executed Cortraits on steel, of emi-
nent Engineers, and illustrated by En-
gravings of some of the most 1mportant
and original works constructed in Aweri-
ca. 8vo, cloth, " . . . "

ERNST. A MANUAL OF PRACTICAL MILITARY
ExGINEERING. Prepared for the usoof the
Cadets of the U. 5. Military Academy,
and for Engineer Troops. By Capt. O. H.
Ervst, Corps of Engineers, Instructor in
Practical Military LI.I"'IIIH*H‘U.‘: U. 8.
Military Academy. 193 wood-cuts and 3
lithographed plates. 12mo, clotl, . ’

SIMMS. A TREATISE ON THE PRINCIPLES AND
PRACTICE vF LEVELLING, showing its ap-
plication to purpo-es of Railway Ln;..lm-er»
ing amd the Construction of Roads, ete.
By Frederick W. S8imms, C. E. From the
tifth London edition, revised and correct-
e, with the addition of Mr. Law's Prac-
tical Exminples for Setting-out Railway
Curves. Ilustrated with three lithograph-
i{i, pliu,tus, and nuwerous wood-cuts. 8vo,
cloth, ‘ 5 . . . . . .

JEFFERS. NAUTICAL SURVEYING. By William
N. Jetlers, Captain U. B. Navy. Illustrat-
ed with 9 copperplates, and 31 wood-cut
illustrations. &vo, cloth, . ‘ . "

THE PLANE TABLE. Its UsgEs 1N TOPOGRAPHI-

CAL SURVEYING. From the papers uf the

U. 8. Coust Survey. 8vo, cloth, . .
1l

$2 00

o 00
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A TEXT-BOOK ON SURVEYING, PROJECTIONS,

AND POrrARLE INSTRUMENTS, for the use
of the Cadet Midshipinen, at the U. S,
Naval Academy. 9 lithographed plates,
and several wood-culs. 8vo, cloth,

CHAUVENET. New METHOD OoF CORRECTING
LuNar Disrances. By Wm. Chauveuet,
LL.D. 8vo,cloth, . , .

BURT. KEY TOoTneE Soran Covmrass, and Snr-
veyor's Companion; comprising all the
Rules necessary for use in the Field. By
W. A. Buit, U. 8. Deputy Surveyor. Bec-
ond edition. Pocket-book form, tuck,

HOWARD, LARTHWORK MENSURATION ON THE
Basis oF THE PRISMOIDAL FormMuLa.
Containing simple and labor-savinge meth-
l'][lt’}fﬂ“[-.‘li!liﬂ_:{ Prismoidal Contents direct-
1y froin End Areas. Illustrated by Exam-
ples, and accompanied by Plain Rules for
practical uses. By Conway R. Howard,
Civil Eungineer, Richmond, Va. Illustrat-
¢d. 8wy, cloth, . g r . 5

MORRIS. IXAsY RULES FOR THE MEASUREMENT
OF EARTHWORKS, by means of the Pris-
moidal IFormulie. By Elwood DMorris,
Civil Engineer. 78 illustrations. 8vo, cloth,

CLEVENGER. A TREATISE ON THE METHOD OF
GOVERNMENT SURVEYING, as prescribed
by the U. S. Concress and Commissioner of
the General Land Oflice. With complete
Mathematical, Astrovnomical, and Practi-
cil Instruetions for the use of the U. 8.
gurveyors in the Field., DBy 8. V. Cleven-
ger, U. 8. Deputy Surveyor. Illustrated.
Pocket forw, morocceo, gilt, : :

HEWSON. PRINCIPLES AND PRACTICE OF IEM-
BANKING LaNDS from River IMloods, as
applied to the Levees of the DMississipl.
By William Hewson, Civil Eugineer. 8vo,
C'Il-uthl b L L] ¥ " L] . ] L]
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MINIFIE. A TeEXT-BOoOK OF GEOMETRICAL
DRAWING, lor the use of Mechanics and
Schools. With Illastrations for Drawing
Pluns, Elevations of Buildings and Ma-
chinery, With over 200 diagrams on steel.,
By William Minitie, Arvehitect, Ninth edi-
tion. Royaui 8vo, cloth, . . . ‘ .

MINIFIE. GEOMETRICAL DRAWING. Abridged
from the octavo edition, for the use of
Schools, Tllustrated with 48 steel plates,
New edition, enlarged. 12mo, cloth,

FREE HAND DRAWING. A GUIDE TO ORNAMEN-
TAL, Figure, and Landscape Drawing. By
an Art Student., Profusely illustrated.
1810, boards, . i ; . :

AXON. Tue MECHANIE'S FRIEND. A Collec-
tion of Recelpts aud Praciical suggestions,
relating to Aquarin—Brouzing—~Cements
—Drawing — Dyes—Electricity—Gilding—
Glass-working — Glues — Horology — Lae-
quers—Locomotives —Magnetisin — Metal-
working — Modelling — Photography—Py-
rotechny—Railways—Solders—Steam - En-
gine—Telegraphy— Taxidermy—Varnishes
—Waterproofing—-and Miscellaneous Tools,
Instrmments, Machines, and Processes
eonnected with the Chemical and Mechan-
ical Arts. By Willinm E. Axon, M.R.S.L.
120, clof. 300 illustrations, . ' .

HARRISON. Mecnaxics' Toor, Boox, with
Practical Rules and Suggeestions, for the
use of Machinists, Iron Workers, and oth-
ers. DBy W. . Harrison. 44 illustrations.
12mo, cloth . . . . § : .

JOYNSON. Tue MECIIANIC'S AND STUDENT'S
GUIDE in the designing and Construetion
of General Machine Gearing, Edited by
Francisa [I1. Joynson, With 18 folded
nlates. 8vo, cloth . . .
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RANDALL. QUARTZ OPERATOR'S TTAND-BOOK.
By P. 1I"-1. Randall. New LEdition. Revised
u]nrl1 Enlarged. IPully illustrated. 12mo,
‘.: 1-JI. 1. - L] L] L] - Ll L]

SILVERSMITH. A TRACTICAL IIAND-BOOK ORI
MiNeErs, METALLURGISTS, il ABSUVers,

By Juling Silversmith. Fourth Edition.
Ilustrated. 12mo, ¢loth, .

BARNES. SUBMARINE WARFARE, DEFENSIVE
AND OFFENSIVE. Deseriptions of the vi-
rious fors of Torpedoes, Submarine Bat-
teries and Torpedo Boats actually used in
War. Methods of Ignition by Machinery,
Contact Fuzes, and Eleetrieity, and a full
account of experients muude to deter-
mine the Explosive Foree of Gunpowder
under Water. Also adiscussion of the Of-
fensive Torpedo system; its effect upon
Iron-clad Ship systems, andinflucnee upon
future Naval Wars., By Lieut.-Com. John
8. Barnes, U. 8. N. With 20 lithograplio
plates and many wood-cuts. 8vo, cloth,

FOSTER. SUBMARINE BLASTING, in DBoston
Harbor, DMass. Removal of Tower
and Corwin Rocks. By John G. Foster,
U. 8. Eng. and Bvt. Major General U. 8.
Army. With seven Plates. 4to, cluth,

MOWBRAY. TrR1I-NITRO-GLYCERINE, as ap-
plied in the Hoosae Tunnel, amnd to Suab-
marine Llasting, Torpedoes, Quarryinge,
ete. Illustrated. 8vo, cloth, . ‘ .

WILLIAMSON. O~ TnE USE OF THE DAROME-
TELR ON SURVEYS AND BECONNAISSANCES.
Part [.-Metcorology inits Connection with
Hypsomerry., Part TL—Barometrie Hyp-
sometry, By R. 8. Williamson, Bvt. Lt.-
Conl. U.S.A., Major Corps of Iingineers.
With illustrative tables and engravings.
H’.-IJ, ulULI.L, M " . 14 . . . . .

$2 00

3 00
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WILLIAMSON. PRACTICAT TABLES IN METE-
OROLOGY AND HYPSOMETRY, Incouneetlon
with the use ol the Barometer By Col, K.
S. Willimusen, U. 8. A.  4to, Hexible cloth,

BUTLER. PROJECTILES AND RIFLED CANNON
A Critical Discussion of the Principal Sys
tems of Ritfling and Projectiles, with Prac-
tical Suggestions for their Improvement.
By Capt. John 5. Butler, Ordnauce L‘mp':..
U. 8. A. 36 Plates. 4to, cloth, y

BENET. LELECTRO-BALLISTIC MaciiNegs, and
the Schnltz Chronoscope. By Lt.-Col S,
V. Benet, Chiet of Ordnance U. 8. A,
Becond cdition, illustrated. 4to, cloth, .

MICHAELIS. Tne Le DBovuLexcr CIHRONO-
Glrart. With three lithographed folding
plates of illustrations. By Dyvt. Captian
0. E. Michuelis, Ordnance Corpse, Ul S, A,
4to, cloth, : - . . : > .

NUGENT. TrTrEaTISE ON OPTICS; or Light and
sight, theoretically and practically treat-
ed ; with the application to Fine Art and
Industimal Pursuits. By LK. Nugeut. With
103 illustrations. 12mo, cloth, . : :

PEIRCE. SYSTEM OF ANALYTIC MECHANICS, By
Benjamin Peiree, Professor of Astronomwy
and Mathematies in Harvard University.
ito cloth, : . d . ‘ ‘ .

CRAIG. WEIGHTS AND MEASURES. An Account
of the Decimal Sy stem, with Tables of € on-
version for Commercial and scieutitie
Uses. By B. F. L‘:.u,-j, M. I.} Square J2iuo,
Lt L'Iulu, : : 5 5 .

ALEXANDER. TUNIVERSAL DICTIONARY OF
WEIGHTS AND MEASURES, Ancient and
Modern, reduced to the stand:ud=s of the
United States of Awerien. By J. H. Alex-
ander. New edition. ;1‘1;. cloth, ) :
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ELLIOT. Tunroreas Licur-ITouss SysTEMS,
Being o Leport of a Toar nl ln <pieel on
e in 1879, By Muajor George 1. Elliot,
U. 8. Engincers. sl l‘ll;.f,l‘ii'tlll,'_".‘s and 21
wood-cuts. 8va, cloth, . A ; ‘ .

SWEET. SreciatReronrt ox Coan. DBy 8. I,
Sweet. With Maps, 8vo, cloth,

COLBURN. Gas WoRKSs ar LUHIHH By Zerah
Colburn. 120, boards, . PR

WALKER. NoOTES ON ScrREW PrRopuLstos, its
Kiseand History., By Capt. W, 1. Walker,
U. 8. Navy. 8vo, cloth, ; : : :

POOK. MuTHOD OF PREPARINGTHE LINLS AND
DRAUGHTING VESSELS PROVELLED 1Y SAIL
O STEAM, inehuding a Chapler on Laying-
off on the Mould-loft Floor, I'y Sannel
M. Pook, Naval Coustructor. Illustrated.
qSvo, cloth, g g : ‘ :

SAELTZIER. TREATISE ON ACOUSTICS in eonnec-
tion with Ventilation. By Alexander
Sacltzer. 120, cloth, 3 ;

EASLIE A ITAND-ROOK ron THE Usk or Cox-
TACTORS, Bnilders, Architects, Enzineers,
Tiinber :'rI{'i'{‘U:iII[H.I‘I{'..,, with intoration
for drawing up Designsg and LEstimates.
250 ill: strations. svo, cloth, . . e

SCHUMANN. A MANUAL OF HEATING AND VEN=-
TILATION IN ITS PRACTICAL APPLICATION
for the use of Engincers and Arvchitects,
embracing a series of Tables amd Formulis
for dimensions ol neating, flow aud return
Pipes for steam and hot w ater hmln rs, thies,
¢ele. ete By B Sehumann, K. 1. 8.
Treasnry Department. 120, llllhtl-lit‘il
I press

TONER. DICTIONARY OF ELEVATIONS AND

CLIMATIC REGISTER OF THE UNITED STATES,

By J. M. Toner, M. D. 8vo. Paper, $3.00;
clﬂthil L} L] E.l. L] L]
: !

$5 00
3 00

€60

75

5 00

2 00

150

375




D. VAN NOSTRAND'S PUBLICATIONS.

WANKLYN. MIiLK ANALYSIS. A Practical
Treatise on thoe Exmuination of Millk, and
its Derivatives, Cream, Buatter, and
(licese. By J. Allred Wanklyn, M.R.C,
8. 120, cloth, ; . : . %1 00

RICE & JOHNSON. O~ A NEw MEeETHOD OF OB-
TAINING THE DIFFERENTIALS OF IPUNC-
TIONS, with especial reference to the New-
touian Conception ol Rates or Velocities.
By J. Minot Rice, Prof. of Mathematies, U.
B Navy, and W. 'ﬂnulhu Johuson, 1‘11.'-1’ OF
Mathemathices, St. Joln's l'..ullu-*u. Aunnap-
olis. 12wmo0, paper. ; , : 50

COFFIN. NAVIGATION AND NAUTICAL AS-
TrRONOMY. Prepared for the use of the U.
8 Navul Academy. By J H. € Cotlin,
Professor of Astronomy, Navigation and
Surveying; with 52 wood-cut 1lustrations.
Fifih edition. 12wmo, cloth, : . 390

CLARK. THEORETICAL NAVIGATION AND NAU-
TICAL ASTRONOMY. DBy Lewis Clark,
Licut.-Commmander, U & Navy Ilinstra-
ted with 41 wood-cuts, including the Ver-
nier. svo, cloth, . . ’ . 300

ROGERS. THE GROLOGY OF PENNSYLVANIA.
By IMenry Darwin Rogers. late State Ge-
ologist of Peynsylvania. 3 vols 4to, with
Porttolio of Maps. Cloth, 4 g « « 3000

IN PREPARATION.

WEISBACH. MECIIANICS OF ENGINEERING. APPLIED
MeEctaNIcs: containing Arches. Bridgees, Foun
dations, Hydraulies, Steamm Engine. and other
Prime Movers, &e., &c. Trapslated 1row the
latest Geruwan Edition, 2 vols, 8vo.
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Yan Nostrand’s Science Series.

I'tis the intention of the Publisher of this Beries to
fssue them atiutervals of about a month. They will
be put up ina uniform, neat, and attraetive form,
18mo, fancy boards. The subjects will be of an emi-
nently scientifie nature, and emhrace as wide a
range of topics as possible,—all of the highest charac-
ter.

Prize, 50 Cents Each.

I. CAnMYEYS FOR FURNACES, FIRE-PLACES, AND
STEAM BoiLEnrs. Dy R, Armstrong, C. I

II. STEAM BOILER EXrLOsIONS. By Zerah Colburn.

III. PRACTICAL DESIGNING OF BETAINING WALLS.
By Arthur Jacob, A. B. Tllustrated.

IV. PrororTioxs oF PiNs Usep 1IN BRIDGES. By
Charles E. Bender, C. E. Illustrated.

Y. VENTILATION OF BUILDINGS. By W. F. Buatler.
Illustrated.

VI. ON THE DESIGNING AND CONSTRUCTION OTF BTOR-
AGE REsERvoOirs. DBy Arthar Jacob. [llustrated.

YII. SURCHARGED AND DIFFERENT Forums OF RE-
TAINING WALLS., By James 3. Tate, C. L.

VIIT. A TREATISE ON THE COMPOUND ENGINE. By
John Turnbull. Illustrated.

IX. FuerL. By C. William Siemens. To which is ap-
pended the value of ARTIFICIAL FUELS A8 COM-
PARED WITH CoaL. By John Wormald, C. E.

X. CosMrouoxn Excinies, Translated from the French
of A. Malet. Illustrated.

XI. THEORY OF Ancues. By Prof. W. Allan, of the
Washington and Lee l;.‘g'llugu. Illustrated.
1
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XII. A PrACTICAL THEORY OF VOUSSOIR ARCHES.
By Willinm Cain, C.E. Illustrated.

XIIT. A PrACTICAL TREATISE ON THE GASES MET
wiITILIN Coal MINES., By the late J. J. Atkinson,
Government Inspector of Mines for the County of
Durham, England,.

XIV. TRICTION OF AIR IN MINES., DBy J. J. Atkinson,
author of “A Practical Treatise on the Gases et
with in Coal Mines.”

XV. BRKEW ARCHES. DBy Prof. E. W.Hyde,C. E. II°
lustrated with numerous engraviungs, and three
folded Plates.

XVI. A GRrRarurc METHOD FOR BOLVING CLERTAIN
ALGERRAIC EQUATIONS. Dy I'rof. George L. Vose.
Iliustrated.

XVII. WATER AND WATER SurrLy. By Prof. W. H.
Corfleld, M. A, of the Ubniversity College, Londou.

XYIII. BEWERAGE AND SEWAGE UTILIZATION. By
Prof. W. 1I. Corfield, M. A., of the University Col-
lege, London.

X1IX. BTRENGTIH OF DEAMS USNDER TRANSVERSE
Loaps, By Prof. W. Allan, author of ** Theory of
Arches." Illustrated.

XX. BringeE AND TuNNEL CENTRES. DBy John B.
MeMasters, C. I, IHlustrated.

XXI. BAFETY YaLvESs. By Richard H. Buel, C. E.
Ilustrated.

XXIIL ITigu MasoNrY DAMS. Dy John B, MelMas-
ters, C. 12, 1llustrated. :

XXIIL. Tue FaTicUue oF METALS, under Repeated
Strifins ; with various Tables of Resultsof Experi-
ments.  From the German of Prof. Ladwig
Bpangenberg. With a Preface by 8. . Shreve,
A. M. Illustrated.

AXIV. A TRACTICAL TREATISE ON THE TEETIT OF
WneerLs, with the theory of the nse of Robinson's
Odontograph. By S W. Robinson, Prof. of Me-
chanical Eugineering, Illinois Industrial Univer-
Eit':[rn
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XXV, THEORY AND CALCULATIONS OF CONTINTOTA
lilrtlnl;t:s. By Mansticld Merrvinan, C. L. Ilus-
trated.

XXVI. PRACTICAL TREATISE ON THE PROTERTIES OF
CONTINUOUS BRIDGES. By Charles Deuder, C. E.

XXVIL ON BorLEr INCRUSTATION AND CORROSIUN.
By F. 8. Rowan.

XXVIIL ON TRANSMISSION OF POWER BY WIRE ROIE.
Ly Albert W. Stabll.

XXIX. INJECTORS ; their Theory and Use. Trans-
lated frow the French of M. Leon Pouchet,

KXXX.TERRESTRIAL MAGNETISM AND THE MAGNETISM
OF IRON YESSELS. By Prof. Fairman Rogers.

XXXI. THE SANITARY CONDITION OF DWELLING
HOUSES IN TOWN AND COUNTRY. By George E.
Waring, Jr., Consulting Engincer for Sa nitary arcd
Agricultural Works., Illustrated.

XXXITIIL Canre MARING FOR SUSPENSION BRIDGES,
as exemplificd in the Construction of the LEasg
River Bridge. By Wihelw Ilildenbrand, C. E.
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*,* Other Works in Preparalion for this Series.
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THE UNIVERSITY SERIES.

No. 1.—ON THE PHYSICAL Basis oF LIFE. By Prof.
T. H. Huxley, LL. D., F. R. 8. With an introdue-
tion by a Professor in Yale College. 12mo, 36 pp.
Taper covers, 25 cents.

No. 2.—THE CORELATION OF VITAL AND PHYRICAL
Forces. By Prof. George I. Barker, M. D., of
Yale College. 36 pp. Paper covers, 25 cents.

No. 3.—AS REGARDS PROTOPLASM, in relation to Prof.
Huxley's Physical Basisof Life. By J. Hutchin-
gon Stirling, F. R. C. 8. 72 pp., 25 cents.

No. 4,—0~N THE HYPOTHESIS OF EVOLUTION, Physical
and Metaphysical. By Prof. Edward D. Cope.
12110, 72 pp. IPaper covers, 25 cents.

No. 5.—8CIESTIFIC ADDRESSES :—1, On the Methods
and Tendencies of Physical Investigation., 2. On
Haze and IDust. 3. On the Beientific Use of the
Imagrination. By Prof. John Tyndall, F. R. 8.
12mo, 74 pp.  Paper covers, 25 cents, Flex. cloth,
60 cents.

No. 6.—NATURAL BELECTION AS APPLIED TO MAaW.
By Alfred Ruossel Wallace. This pamphlet treats
(1) of the Development of Human Races under
the Law of Selection ; (2) the Limits of Natural
Belectiom as applied to Man. 64 pp., 25 cents.

No. 7.—BrECTRUM ANALYSIS. Three Lectures hy
Profs. Roscoe, Huggins and Lockyer. Finely
illustrated. 88 pp. Paper covers, 25 cents,

No. 8.—Tne Bux. A sketch of the present state of
geientific opinion as regards this body. By Prof,
C. A. Young, Ph. D., of Dartmouth College. &8 pp.
Paper covers, 25 cents. -

No. 9.—THE EARTH A GREAT MAGNET. By A. M,
Mayer, Ph. D., of Btephens’ Institute. 72 pages.
Paper covers, 25 cents. Flexible cloth, 50 cents.

No. 10.—MYSTERIES OF THE VOICE AND Eanr. By
Prof, 0. N. Rood, Columbia College, New York.
Beautitully illustrated. 36 pp. PYuaper covers, 25
ccuts,

21




YAN NOSTRAND'S
Eclectic Engineering Magazine,

LanrceE 8vo, MoNTHLY

Terms, $6.00 per annum, in advance,
Single Copres, 50 Cents

First Number was issued January 1, 1869,

Y&N NO-“'?'REND'S MAGAZINE consists of Articles,
Dng‘innl :rmd :'_‘I:L!E'CIE*{!. as also Matter condensed from ail the
Eugineering Serial Publications of Europe and America

SIXTEEN YVOLUMES NOW COMPLETE,.
NoTicr 10 Nrw Supscri~rrs —Persons commencing theil
snhscriptions with the Seventeenth Volume ( July, 1879), and
who are desirous of pnssessing the work from its commence-
ment, will be supplied with Volumes 1. to XVI., inclusive,
neatly bound in cloth, for 333 00. Half morocco, $66. 50, Sent
free by mail or express on receipt of price.

Notice To Cruss.—An extra copy will be supplied, gratis,
to every Club of five subscribers, at $5.00 each, sent in one re-
mittance.

This magazine is made up of copious reprints from the lead-
ing scientiflc periodicals of Furope, tozether with eriginal arti-
cles. It 1s extremely well edited and cannot fail to prove a
valuable adjunct in promoting the engineering skill of this coun-
try — New York Weorld.

No person intererested in ary of the various branches of the
engineering profession cap afford to be without this magazine.—
Telegruapher,

‘I'’he mo~t usetu! engineering periodical extant, at least for
American readers.—Chemicul Newa

As an abstract and condensation of current engineering lite-
rature this magazine will be of great value, and asit is the first
enterprise of the kind in this country. it eught to have the cor-
dial support of the engineering profession and all juteresied 1o
wechanical or scientific progress.—Jron dge
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