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PREFACE.

Since the purpose of this
course is to treat of the best
and simplest method of obtain-
ing healthy homes and to show
by what means the utmost con-
venience in plumbing work may
be obtained with safety and
economy, no attempt will be
made to describe in catalog form
all the interesting appliances
manufactured to-day. Indeed, it
would be impossible in a small
volume to do even partial justice
to their almost countless numbers. Each enterprising manu-
facturer requires for the cataloging of his sole individual
productions, a ponderous volume, sumptuous and costly
enough to pay for a small king's ransom. Be-
fore long, of course, in accordance with a law of econ-
omics which allows of no exception, a very big Trust will
take charge of the whole business and place the goods before
the public in a simplified form. Then the consumers will
constitute the stockholders and price lists will become less
mysterious and more satisfactory.

But in the meantime the work of combining the descrip-
tions of all the myriads of artistic and tempting creations
in a single volume or set of volumes for ready reference
must be left to some specialist in business cataloging like
“Sweet’s” Indexed Catalog of Building Construction which

To the Reader.
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PRrEFACE.

will place them all before the architect and his client in such
a form that they can actually be found when they are
wanted. But “Sweet’s” will not be able to discriminate
against some of these goods in favor of others, even in the
interest of the public, because the same individual cannot
to-day serve both as business agent and critic at the same
time. An old and reliable authority assures us that a man
cannot at one time serve two masters.

The business cataloging, therefore, being provided for
elsewhere, the public will now only require a knowledge of
the scientific principles which should guide them in their
selection and use of these goods. It will be found that all
the plumbing appliances and methods of construction in use
to-day may be grouped under certain classes or types, and
that by means of such classification any one may, without
laborious technical training, be enabled to discriminate in-
dependently between the good and the bad, even though the
bad may possess in some cases the most pleasing external
appearance.

Accordingly we have arranged in this volume a classifica-
tion and explanation not of appliances but of types and
methods of construction which will enable the reader to
judge for himself independently, and acquire all the modern
plumbing conveniences and sanitary advantages with the
greatest safety and at the same time with the least expense.

The reader is warned that he will find in these pages
many ideas and conclusions which are not considered ortho-
dox among many plumbers and framers of plumbing legis-
lation.* The existing state of things has been freely criti-

*Some practitioners, very properly estimating highly the “prac-
tical” side of the plumber’s work, have questioned the ability of a
non-practitioner in plumbing or a “theoretical” man to fully com-
prehend an art which is so technical in its nature. While an archi-
tect does not deny that he must be something of a theorist in the
interest of progress, he nevertheless contends that the nature of
his work requires him to be essentially and first of all practical
Although he may be unable to wipe a joint or set a fixture with
skill, he is nevertheless trained to fully comprehend the philosophy
and purpose of these proceedings. The very first thing he discov-

ers in the practice of his profession is that there is no sound
theory which is not based on ract32 and on facts alone.
1



DEerFeEcTs IN PLUMBING Laws.

cized whenever it has appeared, after exhaustive experi-
mentation and investigation, that simpler and better methods
are possible. It is now possible for anyone to demonstrate
for himself with little expense whether or not the conten-
tions made herein are correct, without going through all
the tedious and costly experiments which have led up to
them, and if the writer wished to lay claim to having per-
formed some slight service in his several years of effort
along these lines, perhaps an item might be in his having
called attention to and in a measure having developed the
means and implements needed for such demonstration.

His chief claim, however, is in having labored for many
years to show to legislators and to the public in general
(with definite, favorable results on plumbing legislation in
more than one city), the importance of very greatly simplify-
ing our plumbing ; in having first pointed out the significance
of recent bacteriological discoveries in providing further
justification for these simplifications, such, for instance, as
the omission of the main house trap, whereby an exceedingly
important purification and dust and germ filtration of the
air of cities through the agency of the moist surfaces of the
sewers and individual house drains, is effected; and finally
in having devised certain practical means for obtaining
these simplifications hitherto considered impossible.

It is hoped that Boards of Health will avail themselves of
some simple standard form of apparatus and methods of
demonstration which any plumber can construct of ordinary
piping, with cistern, vacuum gauge, and ordinary quick-
closing valves, and relieve a long-suffering public of a bur-
den in plumbing construction, still required in the majority
of cities and towns of the United States, which is, to ex-
press it in the mildest terms, a most gigantic blunder. The
cost of such apparatus would be more than paid for by the
saving in the plumbing of a single building.

13



PREFACE.

It is quite as important and useful a part of the work of
an investigator to build up as it is to tear down. It is in-
deed, in a certain sense, useless to criticize an existing state
of things unless some practical remedy can be offered to
take its place. No apology seems, therefore, required for
the presentation here of certain new methods and appliances
which have been developed in the course of these studies
to meet the new conditions advocated, nor for the protecting
of some of them by patents. Yet the writer recognizes
that however much the public may desire to see an inventor
share with it a small part of any benefit which may be
derived from his efforts, he is nevertheless, and, so long as
a destructive form of competition continues to form the
basis of the business relations between men, must be, re-
garded rather in the light of an “innovator” to be opposed
and punished by all who are financially interested in the
existing order of things.* Therefore, it is the industrial
system and not the individuals affected which is responsible
for the long continuation of abuses from which the public
might otherwise be quickly freed, and for the tardy recogni-
tion the inventor receives. Any return at all should really
be regarded by him as more than he ought to expect under
such conditions, and the writer should feel really much
gratified that he has so far been able to escape from this
unequal contest with some of his bones unbroken.}

*Pipe dealers are financially interested in maintaining the elab-
orate system of piping required by back venting and main house
trap installation, while plumbers have nothing to gain by it, but
rather much to lose, since what money goes into unnecessary pi
ing 1s lost for better fixtures and more of them, and the public,
alarmed by all the complication, becomes distrustful of all plumb-
ing and tends to do a.wai' with its benefits as far as possible.

tIn spite of these discouragements, some words of recognition
have now and then been received from disinterested parties which
have given renewed courage and perseverance at times when they
seemed most needed. Among them are the following from no less of
an authority than William E. Hoyt, C. E,, S. B., Chief Engineer of the
Bufralo, Rochester & Pittsburg Railroad Company and at one time
chief engineer of the Massachusetts State Board of Health: “Not
long after the adoption of the fallacious device of back venting, ft
became evident that more efficlent means of guarding against the

14



ORIGINAL INVESTIGATIONS.

It should be added that these investigations and innova-
tions have been made in the course of regular professional
practice, and have, therefore, been conducted in the un-
prejudiced spirit of an architect working for the interest of
his clients, and in some cases with their substantial aid and
co-operation. The improvements and their protection, are
the result and not the cause or original purpose of the

dangers of sewer-air were necessary and persistent effort was
directed toward devising better methods of house drainage. The
result has been the attainment of a new order of things by the
recognition of scientific principles previously ignored. ithout re-
ferring now directly to the experiments and investigations, we may
consider briefly certain principles which have been established by
them. The first and cardinal principle of science as applied to
house-drainage is simplicity. In the place of a wilderness of pipes
tangled in hopeless confusion about every fixture, modern science
demands that there shall be only a slmrle and positive system
which shall act with directness and certainty in every case. The
old air pipes from traps are discarded. There are fewer joints and
the danger from leakage is lessened. Instead of traps that easily lose
their seal, notwithstanding the rellef pipes attached, traps are
now used that in themselves will resist the hostile influences of
evaporation and siphonage. The new system demands that basins,
sinks, baths and water closets shall be so constructed as to act
after the manner of flush tanks, and scour the whole system of
waste pipes at each discharge. It requires that there shall be no
hidden and Inaccessible recesses in plumbing fixtures, where filth
may collect and putrefy so as to become offensive and dangerous.
The absolute prevention of serious evils is considered of far greater
importance than means to palliate them.

For the development of this science credit must be given
mainly to_an accomplished sanitarist of Massachusetts, Mr. J.
Pickering Putnam, whose experiments and investigations on sub-
jects relating to household sanitation are unquestionably the most
thorough and complete that have ever been put on record. The
first of this series of experiments was made for the Board of
Health of Boston in 1883. Subsequently, special demonstrations
were shown before the Suffolk District Medical Soclety of Massa-
chusetts, the Boston Society of Architects, and others. The results
have been published in the ‘“Boston Medical and Surgical Journal,”
the “American Architect,” the “Sanitary Record” of London, and
other perfodicals.” Wm. E. Hoyt, C.E. S. B, in an article on
~Safety in House-Drainage,” published in ‘“The Popular Science
Monthly,” for July, 1888.

If Mr. Hoyt has been a little over generous in his words of
encouragement, it will not be allowed to have a permanently
injurfous effect upon the writer’'s character, but be considered as in
a measure offsetting the rebuffs received from others not so
favorable to progress as Mr. Hoyt. .

The late Col. Georke E. Waring, in an article published in the
Century Magazine for December. 1884. on the “Principles and Prac-
tice of House Dralnage” wrote of the writer's investigations and
writings equally pleasantly. saying of them that “they certainly
mark a very important step forward in sanitary literature.”

In another place equally encouraging words by other well known
apthorities will be quoted, only enough here being needed to reassure
the reader and cheer him forward in the study of this somewhat dry
subject, if & treatise on hydraulics may be so designated.

15



PREFACE.

investigations. If they are actually improvements on what
existed before (the need of improvement being clearly
recognized) then they are the best in the particular class to
which they belong up to the date of their presentation, and
as the purpose of this writing is to advocate the best, they
will necessarily have to be described as such irrespective
of their authorship, and even in some cases to the exclusion
of other things in the same class, which are believed to be
not so good. It must be left to the common sense of the
reader to judge of the soundness of the reasoning in each
case, and of the just motive and sincerity of the author.
The quotations in the foot-note are only given for the pur-
pose of placing the reader, who might naturally be preju-
diced by these circumstances, in a more impartial and
receptive frame of mind for judgment. '

An apology should be made for the name “plumbing,”
which has curiously enough been taken from the very metal,
lead (Latin, plumbum). which we are learning should rarely
be used in its unalloved form in plumbing at all. Brass and
iron are rapidly taking its place. Lead is inelastic, inert,
feeble, treacherous, unreliable for plumbing and dangerous
on account of the fire it requires in the house for its manipu-
lation. The ancient alchemists called it Saturn. The mod-
ern plumber should modify this name to Satan, and debar
his entrance and his fire altogether from the house.

To sanitary engineers one of the most important works
which have been published in the last decade is the record’
and critical exaniination of the researches of bacteriologists
entitled “Sewer Gas and Its Influence Upon Health,” by
H. Alfred Roechling, C. E., which the writer has freely
quoted in these lectures, and for which he desires here to
express his obligation. More recent and equally valuable
are the researches in the same field of our own Professor
Charles Edward A. Winslow, of the Massachusetts Insti-

16
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INTRODUCTION.

At the time
when these lec-
tures were first
delivered, in the
winter of 1899-
1900, the plumb-
ing laws of Bos-
ton and of
nearly every
other city of the
United States

enforced a sys-

Fig. 2. Complexity and Fig. 3. Simplicity and [
Danger. Type of system Safety. Type of systein tem of piping
of extreme complication recommended as a sub- and trappmg

to which we are tend- stitute.

ing. which almost
doubled the cost

of the work in new buildings and more than doubled it in

repair work over what was necessary, besides greatly lessen-

ing its convenience and safety.

Every fixture was required to have a separate trap, and
every trap had to be independently revented by a special
“back vent” pipe extending up to the highest fixture in the
building. A disconnecting trap was required between every
building and the public sewer, which prevented the best and
only known really effective method of ventilating the sew-
ers; and no better method of jointing cast iron pipes was
allowed than the unscientific, unreliable and very costly lead
calked bell and spigot joint.

These worse than useless and very burdensome require-
ments have held the people like a vise for the last quarter

18



S1MPLIFICATION OF PLUMBING.

of a century in spite of the protests during all that time of
many of the leading sanitary engineers and plumbers.

Within a very few years, however, some of the more wide
awake and progressive cities have seen the folly of this
course and have given their citizens the benefits which the
modern simpler and more scientific methods and discoveries
have provided, and every year is adding to their number.
But as the plumbing laws of the majority of places are based
upon the ideas of more than a decade back, the only possible
way to present anything of the least value in this important
department of architecture is to break entirely away from
the conventions of ordinary practice and base all our conclu-

sions upon direct personal investigations and absolute dem-
onstration. Our treatment must therefore necessarily be-
come largely critical and argumentative throughout, and,
although this method of handling the subject is certain to
arouse from many quarters adverse criticism and possibly
some bitterness, it is nevertheless evidently unavoidable, and
will also have the great advantage of making the matter
vastly more interesting and we hope much more intelligible
to the reader.

The arguments used by the writer as early as 1884 in
behalf of this simpler plumbing system have been of late
greatly reinforced by the discoveries of the bacteriologists.
The data they have furnished and their significance from a
sanitary standpoint have been summarized by him in his
publications before 1909, as follows:

(1) A sound water seal affords a reliable barrier against
the entrance of sewer air and all kinds of germs.

(2) Dust and germs falling into water or against the wet
surfaces of sewers and drain pipes are, under normal condi-

tions in the drains, arrested and prevented from rising again
into the air so long as the surfaces remain wet.
(3) Abnormal conditions prevail in the drains when

19



INTRODUCTION.

splashing or bubbling occurs in the sewage under the influ-
ence of which fine droplets may be projected into the sur-
rounding air. If these droplets contain germs and are
minute enough to be wafted in the air currents passing
through the pipes the germs therein may remain in the air
until they again fall against the wet surfaces. Even germs
have a definite weight and the speed of their descent under
the influence of gravity has been calculated, which gives
also the speed of an air current necessa/ry to support or move
them.

(4) It is possible that small particles of sewage which
have dried against the upper parts of the walls of the sewers
may be detached therefrom by air currents and in this man-
ner under rare instances allow of the escape of germs into
the sewer air.” The probability of this action is denied by
some investigators, but affirmed by others. It may be ad-
mitted as a possibility.

(5) Disease germs seem to be unable to survive long in
sewage, the non-pathogenic germs therein far outnumbering
them and destroying them by their products.

(6) Fewer germs are found in the air of sewers than in
the outer air above the sewers, and those which are found
in the sewer air are dissimilar in kind from those in the
sewage but similar to those in the outer air.

(7) The numbes of germs present in the air of well venti-
lated sewers exceeds that in less well ventilated sewers, and
varies with variations in the content of the street air, imply-
ing that their origin is from without and not from within the
sewer.

(8) The majority of investigators have failed to isolate
specific disease germs from the air of sewers, and it may be
stated in general terms that they are not to be found there
under normal conditions. Yet a few well known investi-
gators have obtained cultures in the air of sewers of germs

20



RecENT D:SCOVERIES IN BACTERIOLOGY.

apparently coming from the sewage under normal conditions,
and 1t is generally admitted that the splashing, bubbling or
drying of the sewage may release them under rare conditions
in good practice. Their numbers in sewer air must, how-
cver, in properly constructed sewers be so small in the whole
volume of the sewer air, that their effect regarded from a
sanitary standpoint may be considered as negligible.

From the above data and from his own experiments the
writer has derived the following general conclusions af-
fecting Sanitary Engineering.

(1) It is known that disease germs, especially those of
consumption, may be disseminated in the air above the
sewers, and may, especially in times of epidemic, abound
there in large numbers, and unquestionably i larger num-
bers than in the air of the sewers themselves.

Under such circumstances street air passing through
the sewers and house drains becomes filtered by them and
emerges from the pipes freer from its dust and germs than
when it entered, and must in fact before reaching the tops
of the stacks above the roof be entirely freed therefrom.

(2) Air currents rising through the soil pipes in build-
ings act like smoke in chimney stacks, taking a spiral course
as they ascend. In so doing, as well as in passing around
bends and angles, every particle of air tends to strike against
the inner surfaces of the pipes more or less often before
reaching the roof. The result of this phenomenon is that
any dust and germs which might enter the house drainage
system from the public sewer is bound to be arrested some-
where along the wet surfaces of these pipes, and be ulti-
mately destroyed. Hence with good plumbing the possi-
bility of the entrance of a disease germ-into the house from
plumbing pipes becomes practically nil. If there is any
danger whatever of contracting disease from air‘in the sewer
itself so ventilated, all such danger is thus eliminated for
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residents in the houses connected therewith. More question-
able germs are consumed every twenty-four hours in the
ordinary food and drink or inhaled from the outer air than
would probably be obtained from the soil pipe air in a life-
time.

(3) The omission of the disconnecting or main house
trap converts every house drain into a sewer vent and in-
sures the destruction of any dust and germs, pathogenic or
otherwise, which may under normal or abnormal conditions
be found in the sewer.

The rate of purification of the air of cities by this method
of filtering it through the sewers and house drains is very
great, amounting, by my calculation, to over a million and
a half cubic feet per minute for every square mile of the
city’s area, or to the ventilation produced by a ventilating
chimney 68 feet in diameter conducting air at a speed of
419 feet a minute,

(4) The use of the main house trap obstructs sewer ven-
tilation, and results in forcing any foul and dangerous odors
it may contain as well as any possible disease germs into the
street through the sewer gratings.*

(5) The use of the “‘back vent” pipe with traps tends to
destroy their water seal by evaporation, where unvented
anti-siphon traps are capable of retaining their seals under
all conditions encountered in plumbing practice, and for
many months without refilling.

(6) Drain piping may now be installed in such a manner
as to be permanently sound and reliable.

(7) Splashing and bubbling in sewers may be avoided
by their proper construction and regulation.

(8) If there be any danger whatever from the pos-

*The money saving alone from omitting the main house trap and
its necessary connections and the extra piping it involves In a city of the
size, say, of Boston, would amount to a sum sufficlent to build and equip

ten handsome public school houses, or in general, two for every square
mlle of a clty’s area. 9
2



BEARING OF BACTERIOLOGICAL DiscovERIES ON PLUMBING.

sible presence in rare and isolated cases of disease germs
in the air of the sewer, that danger may be practically elim-
inated by ventilating the sewer through the house drains
and using sound piping and unvented anti-siphon traps.
Under such conditions there is indeed a possible danger of
contracting disease from dust and germs coming in through
open windows, but none from the plumbing system, because
the former may and the latter cannot transmit the germs.

In my suggestions for improvements and modifications
founded on the above deductions hereafter to be described
in detail in these pages, I have been guided by the fol-
lowing ten rules or principles:

(1) The Law of Simplicity. The tendency at present is
toward undue complication. The plumbing work has been
growing each year more elaborate and costly, more difficult
to set correctly and more difficult to comprehend and repair
when correctly set, so that the public have become alarmed
and confused. They despair of being able to understand the
intricate system of piping and machinery for the supply and
waste fixtures. The result is a general feeling of insecurity
and a tendency to forego plumbing fixtures wherever their
presence is not an absolute necessity. Our watchword should
be “simplicity.” Rather than reduce the number of our con-
veniences, let us reduce the amount of machinery connected
with them, provided we can do so without reducing the
security they are intended to afford.

(2) The Law of Accessibility. Another leading principle
is that all plumbing work in a house should be everywhere,
without exception, accessible, and as far as possible visible
and ornamental. Pipes should never run behind plaster
when it is possible to expose them on walls and ceilings.
There is nothing in a neatly arranged line of metal piping
that one needs be ashamed of. On the contrary, when skill-
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fully placed and neatly jointed, in a workmanlike manner,
as would be the case when a good plumber knew they were
to be forever exposed to view, these bright metal pipes,
polished or white enameled, become quite ornamental when
mounted with handsome clamps and symmetrically arranged
with taste and judgment.

(3) The Law of Avoidance of Mechanical Obstructions.
A third principle is to avoid all mechanical obstructions, such
as balls, valves, gates and all other impediments to the water-
way, and in a system of water carriage to do all trapping by
means of a water seal alone.

Mechanical devices form no reliable security against the
passage of sewer gas. These valves and balls cannot be
made to fit their seats with such accuracy as to exclude
liquids and gases, or microscopic germs, even when new.
They soon become more or less fouled with dirt and corro-
sion and then their inefficiency becomes evident even to the
eye. A sound water seal, however, properly protected, is
found to be entirely reliable in excluding noxious matters
of all kinds. Moreover, we are obliged to rely upon a simple
water seal whether we desire to or not, because our water
closet traps are and must be constructed without mechan-
ical obstructions. It is useless to apply mechanical closures
to our smaller traps if we leave the large water closet traps
without them.

(4) The Law of Tightness and Flexibility of Jointing.
A fourth principle is that all joints should be permanently
tight, and to secure this evident desideratum no material
should be used in jointing which is injuriously affected by
any of the substances brought in contact with them, or by
changes in temperature, concussion or shrinkage.

(5) The Law of Soundness of Material. A fifth principle
is that all material used be sound, and all pipes of even thick-
ness and capable of resisting a suitable pressure test.
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(6) The Law of Thorough Ventilation. A sixth principle
is that all main lines of soil and drain pipes should be thor-
oughly ventilated from end to end.

(7) The Law of Adequate Flushing. A seventh principle
is that all parts of the waste receptacles and pipes be thor-
oughly flushed with water from end to end in such a manner
as to remove all foul matter instantly from the house as
soon as it is generated.

(8) The Law of Automatic Operation. An eighth prin-
ciple is that the working of all parts of the plumbing system
should be as far as possible autematic.

(9) The Law of Noiseless Operation. A ninth principle
is that the operation of all parts of the work should be
noiseless.

(10) The Law of Economy and Prevention of Water
Waste. Finally, all parts of the work should be economical
in construction and designed in such a manner as to avoid
the chances of waste of water and damage of property
through leakage. ,

These ten broad principles must be accepted by all sani-
tarians. I designate them as the ten laws or commandments
of plumbing. They are self-evident, and may be at once
adopted as axioms without discussion. It is to be regretted
that in the manner of applying them in practice, however,
we do not find the same universal harmony.

'535 Beacon St., Boston.
Jan. 1st, 1911

25






CHAPTER L

SCIENCE AND ART IN PLUMBING.

“It is held as a fundamental principle in science that eve
opinion, before it is admitted as true and taught to otrers, shall
first be established by proper proofs, which must not in any way
run counter to established truths, such as, for instance, that twice
two are four and not five. Inferences and conclusions which are
opposed to such truths are rejected by science.”—Liebig.

Fig. 4. Lavatory of the Monks in the Abbey of Fontenay, France.
From Viollet le Duc.

O EXECUTE the plumbing of a modern
building after the methods now prescribed
by the laws of many cities in such a manner
as to provide perfect security and conveni-
ence would involve so great an expense as
to be beyond the means of the ordinary
house owner. A very general impression
prevails that complete safety in this domain
is unattainable and that all the plumbing

should be relegated to some detached building or at least to
a room especially devoted to it and ventilated by a window
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of ample size opening directly upon the outer air. This is,
however, a popular fallacy. It is possible to enjoy the ad-
vantages of plumbing fixtures with safety and economy
‘wherever convenience dictates, and to present the grounds
for this assertion and show the manner in which the work
may be done is one of the objects of these papers.

It is no very flattering commentary upon our methods
" of self government today that both legislation and common
practice in one of the most important domains of house-
hold sanitation have, for a long time, been directly opposed
to the actual demonstrations of science, and to the teach-
ings of acknowledged authorities.

Yet such is the fact. The public has preferred to suffer
very serious dangers and submit to a very burdensome
form of taxation rather than, by independent experiment
on suitable apparatus, to establish the truth for itself by
proper proofs where conflicting opinions as to facts origi-
nally existed. It has assumed the right to legislate, but
not always to investigate, and this even in a case where
- direct investigation was clearly essential to serviceable leg-
islation. '

Since, however, no attempt at exhaustive or satisfactory
public investigation and experiment had been made, so far
as I could ascertain, to establish a sound basis for plumb-
ing legislation, and since the public records of private in-
vestigations were both incomplete and fundamentally con-
flicting, I decided, in 1883, to make an attempt myself to
obtain sufficient data for independent judgment by careful
original experiment.

These investigations were made originally in behalf of a
medical client, who, like myself, considered sanitation a fea-
ture of primary importance in the construction of his house,
and soon resulted in a conviction that the complications of
the system of plumbing in vogue were worse than useless.
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They led subsequently to a more elaborate series of ex-
periments, with the aid of Major L. F. Rice, C. E,, for the
Boston City Board of Health in 1884 and still later in 1885
to others at the Massachusetts Institute of Technology,
where the simpler system of plumbing, including the aban-
donment of back-venting and of unnecessary trapping was
advocated before the Suffolk District Medical Society of
Massachusetts, the Boston Society of Architects, and
others; to a series in the city of Worcester and elsewhere;
and to a critical study of the subject of household sanita-
tion extending up to the present time.

They have, I think, established certain facts which had
previously been in dispute, and suggested certain improve-
ments in methods and in details which will be referred to in
their proper place.

Suffice it to say, for the present, that in accordance with
the precept of Liebig, quoted as our heading, nothing has
been accepted, or will here be presented as a fact unless it
has been established as such by positive demonstration;
and with the aid of the excellent apparatus which Mr. Hub-
bard* has here erected for us, we shall be enabled to present
to you some of these demonstrations in an attractive as well
as instructive form. In order to make our meetings as sat-
isfactory and fruitful as possible, it is hoped that every one
present will make a note of any points which may not be
perfectly clear to him, or of any deductions with which he
may not be fully in accord, and mention them in the dis-
cussions following the lectures, so that the reasoning lead-
ing to these deductions may be re-examined or more clearly
stated. '

Just as a healthy mind and body are the first requisites
for the enjoyment and usefulness of life, so the items of

. el Hubbard, Director of the North End Union, under
'M;eM:usS:l'geus these lectures were originally given,
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house construction which affect its healthfulness should be
the first concern of those in charge. They require and jus-
tify the attention and decorative treatment of the architect
as much as do lighting, ventilating, warming, roofing, fire-
proofing, painting, floor or wall construction; for architec-
ture consists in nothing but the proper assemblage of all
these parts, and style in architectural design is nothing but
a graceful expression of the truth in treating them and in
combining them into “one harmonious whole.

It is sometimes objected that the architect cannot be ex-
pected to have the equipment of civil and sanitary engineer
as well as that of architect; that to permit of this he must
first be relieved of half his present cares and responsibili-
ties. It is certainly true that he should be relieved of many
burdens, legal and commercial, which have no bearing
whatever upon the art and science of architecture. Co-
operation and system will ultimately afford him this relief.*
But architecture can no more stand as a living art without
its engineering base controlling everywhere the outward
form than can an animal stand without its muscles and
skeleton. The arrangement of the plumbing pipes and fix-
tures influences the entire plan from foundation to roof.
Some of the rooms are designed almost exclusively for the
plumbing, and all are more or less dependent upon its ar-
rangement. The walls and beams must be slotted and
framed for its reception, and differently for each different
kind of fixture or system of piping, as well as for the light-
ing and heating apparatus. Hence the architect may feel
that upon him will ultimately lie the responsibility not only
for the healthfulness, convenience, attractiveness and cost
of the particular work over which he may have immediate

*A further consideration of this subject is given in my pamphlet

entitled “The Outlook for the Artisan and His Art,” published b
C. H. Kerr & Co., Chicago, Ill. P . ¥
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PLuMBING AND HOUSEHOLD SANITATION.

charge, but also, in a great measure, for the general status
of plumbing art and legislation throughout the country.

A few illustrations from the architectural monuments of
the past will show in what manner and with what loving
care the architect of former days was permitted to dignify
the simple plumbing work of his time.

\(///

—
Fig. 6. Early Carved Basins.

Our initial cut, Fig. 4, shows a most interesting fountain
lavatory in the Abbey of FFontenay, France, which was for
the use of the monks, fifteen of whom at a time could wash
their hands in the spacious basin. They were accustomed
to come to their ablutions in a most orderly manner, march-
ing in single file along the arcade, and entering the basin
court through one arch, and after the ceremony, filing out
again through another.
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Fig. 7. Early Carved Basin.

Unfortunately these beautiful communal basins, so deco-
rative from an architectural point of view, were every-
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where destroyed in France by the monks themselves when
they abandoned the custom of washing at the same time
and together.

Here, Fig. 5, is a picture of a 14th century cistern and
basin in Battle Hall, Sussex, England,* and Figs. 6 and
7 are other highly decorated basins in Gothic design of the

13th and 15th centuries.{
Fig. 8 is a design of a
fountain executed by Viol-
let le Duc in mediaeval
stvle. It is constructed of
copper engraved and
stamped in high relief.
The cistern is filled by lift-
ing the roof. Below is a
lavatory for the hands,
and towel racks are built
into the cormer towers.
Figures 9, 10, 11, 12
and 14 show the artistic
manner in  which the
mediaeval architects de-
signed their exterior lead
and stone water leaders,
and how skilfully ‘the
plumbers, who were then,
Fig. 8. Drinking Fountain  as the name implies, work-

and Lavatory. . . .

ers in lead in all its forms,
executed these designs. Figures g to 14 show water spouts,
gutter connections, and roofing details. The last two show
how the edges of the sheets of lead were bent up -and

‘F‘rom “Domestic_ Architecture of the Middle Ages,” published
by J. H. Parker, London, Vol. 2, p. 46

tFrom Viollet le Duc. Diulonnnlr( de 1'Architecture, Vol. VII,
pp. 196-197. Figs. 9 to 19 are all from Viollet le Duc.

34



ScCIENCE AND ART 1IN PLUMBING.

covered so as to make expansion  joints without the use
of solder. The section D shows the manner in which the
sheets were rolled together.

Figure 15 shows us the
great beauty of plumbers’
lead scroll work in the grand
epoch of mediaeval art.

Figs. 16 and 17 are two
French mediaeval baptismal
fonts. Fig. 9.

Figure 18 shows one of the
richly carved and beautiful
lavatories which  adorned
some of the monastaries and
Fig. 10. palaces in the middle ages.
They were often placed in the

Fig. 12. Fig. 11.

grand hall itself, and consisted of great basins of marble,
copper or lead, intended for the daily use of the host and
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for his guests before a repast. They were provided with
quite a number of little gargoyles or jets to throw the water
upon the hands of the users. All these ornamental lava-

Figs. 13 and 14.

Fig. 16. Baptismal Font in the Fig. 17. French Baptismal
Church of Saint Peter at Mont- Font of the 13t
didier, France. 12th Century. Century.
tories have disappeared from the monastaries since the
revolution of 1793. They usually had the form of a large
tank, long and deep, with an open trough or sink in front
to receive the water. This lavatory adorned the abbey of
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Saint Armand of Rouen and contained the coats of arms
of the various abbesses. It was cast in bronze in the 13th
or 14th century and was made in three compartments, each -
devoted to a particular order in the convent.

Figure 19 shows one end of this lavatory in detail.

Figs. 20 and 21 are compositions by Bouchet** and rep-
resent public baths in Pompeian style, the pictures being,

Fig. 18. Lavatory In the Abbey of Saint Amand at Rouen.*

however, rather designed in the spirit of Pompeian archi-
tecture than taken from actual restorations. You see how
the architects, hydraulic engineers and plumbers have co-
operated to produce resorts so charming as to constantly
tempt the citizens to habits of cleanliness.

Fig. 22 is a Nymphee or beautiful bathing “Grotto” of a
wealthy Roman patrician. This involved a somewhat more
complicated system of hot and cold water supply. Self-
closing faucets had not been specified, and so the five fix-
tures on the right and left of the tub had to be left run-
ning “full bore” at all hours of the day and night. Fig. 23
is an illustration of the splendid art of India applied to
water works. It represents the waste weir outlet of Kangra
tank, Ahmedabad, India.

Finally, our frontispiece shows the magnificent Baths of

——

*From *“Dictionnaire du Mobilier Francals, Vol. I. By Viollet le
Duc. Published by A. Morel, Parls.

**From “Compositions Antiques,” by Jules Bouchet, Paris.
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Fig. 19.

Diocletian, the beautiful drawing being the production of
Edmond Paulin, winner of the Grand Prize of Rome, of
the French School of Fine Arts.

Figs. 1 to 19 are from Viollet le Duc’s “Dictlonaire de 1'Archi-
tecture.” 38
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CHAPTER 1L

INFLUENCE oN THE COMMUNITY OF SANITARY
ENGINEEING.

A  mastery of
the principles of
household sanita-
tion is essential
not only for the
welfare of the in-
dividual owner
and  occupants,
but also to a
greater or less ex-
tent for that of all
neighboring prop-
erty owners. Dis-
ease originating in
one locality may
“dispatch invisible
messengers
of death to poison
the air” miles
away, and both
science and phil-
anthropy now
unite in" teaching
us that every man
is in large meas-
ure responsible for
the well being of
his fellow men,
and no where

wL bhe XT¥ Cenbury, Fig. 24, More clearly than
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in the domain of household sanitation is it shown
that man is in reality his brother’s keeper. Nowhere is

the doctrine that society is an organism in which the in-
dividual members correspond to the separate cells of the
animal organism in being mutually dependent for their
complete health and development more clearly illustrated
than here. Nowhere is it made more evident that sanita-
tion should become the subject of wise legislation to the
end that the health of the community may not be prejudiced
either by ignorance or poverty.

In the middle ages cities even as magnificent as Paris and
London were very dirty places, the streets being described
as more foul than the most abominable sewers, the horse
manure standing in them, according to one writer, some-
times as much as “a yard deep.” It is recorded by the
royal physician Rigord that one day while King Philip Au-
gustus was looking for recreation from his audience cham-
ber window, he saw some citizens’ carriages passing below
“when the substance forming the street, being stirred up by
the revolution of the wheels, emitted a stench so powerful
as to overpower Philip. This so disgusted the king that he
urged the citizens to pave the streets; and to assist in effect-
ing the purification of the city, he built a wall around the
cathedral to prevent it from remaining longt:.ba common
corner of convenience.”

Fig. 24 shows the common manner in which house refuse
was disposed of in these beautiful cities. The people seemed
ignorant in those days of the first principles of household
sanitation and hygiene and the result of their ignorance was
the spread of the cruel plagues and pestilences everywhere
in the populous districts, mowing down both rich and poor
alike in their relentless path.

The floors of their dwellings in those ungodly times were
not drained, but as refuse collected upon them, straw was
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spread over the matter to cover it, and this was so rarely
removed “that the lower part remained sometimes for
twenty years together!” Mr, Bayles* quotes the old chron-
iclers as saying of the ladies of that day, that “they wore
clean garments on the outside, but the dirty ones were often
worn underneath until they fell away piecemeal from their
unwashed bodies.” ‘“The people prayed,” says Bayles, “for
deliverance from sickness and death, but forgot their gar-
bage heaps, their foul streets, dirty houses and personal
uncleanliness.”

Much as we are shocked at hearing these stories of the
old chroniclers, we have, after all, much less reason to con-
gratulate ourselves on our progress since those dark ages
than is generally supposed because we have been criminallv
slow in applying for the general good knowledge which we
have since acquired. Mediaeval conditions still exist in the
tenements of the poor, a rebuke and a menace to modern
society, because we have not yet learned that the real and
only perfect welfare of each lies in the perfect welfare of
all. Our ground for congratulation is proportional only to
our progress in the acceptance of this truth. To this is
due our sanitary legislation and the aid society gives in the
execution of these laws to those too poor to make applica-
tion of them themselves. Mr. Simon of the English Local
Government Board, writes: “It seems certain that the
deaths which occur in this country are fully a third more
numerous than they would be if our existing knowledge of
the chief causes of disease were reasonably well applied
throughout the country; that of deaths which in this sense
may be called preventable, the average yearly number in
England and Wales is about 120,000; and that of the
120,000 cases of preventable suffering which thus in every
year attain their final place in the death register, each unit

*“House Drainage and Water Service,” by James C. Bayles.
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represents a larger or smaller group of other cases in which
preventable disease not ending in death, though often far-
reaching ill effects on life has been suffered.f Then there
is the fact that this terrible continuing tax on human life
and welfare falls with immense overproportion upon the
most helpless classes of the community: upon the poor, the
ignorant, the subordinate, the immature; upon classes
which, in great part through want of knowledge, and in
great part because of their dependent position, cannot ef-
fectually remonstrate for themselves against the miseries
thus brought upon them, and have in this circumstance the
strongest of all claims on a legislature which can justly
measure, and can abate their sufferings.”

The next picture, Fig. 25, shows a tenement house of
New York described by Leeds* in the ‘“Technologist” for
February, 1870. It illustrates a dwelling quite as wretched
and unsanitary as anything to be found in the dark ages,
and infinitely more disgraceful as existing under the full
light of modern science. It recalls to us the lines of Burns,
quoted by Baldwin Latham in this connection:

“Man’s inhumanity to man
Makes countless thousands mourn.”

But Mr. Latham in his inaugural address as President of
the Society of Engineers of London, shows that in addition
to the injustice and cruelty of permitting these unsanitary
conditions to exist, there is also great economic folly in it.
He took for illustration the town of Croydon showing an
expenditure in sewerage and general sanitary improvements
of $975,000. He then showed figures which made a saving
of over $1,200,000 in the short space of thirteen vears in the
increased effectiveness of labor due to these sanitary meas-

tDr. Lyon Playfair calculates that for every unnecessary death
we have twenty-eight cases of sickness.

*A Treatise on Ventilation, by Lewis W. Leeds. Wiley & Sons,
New York. P. 166.
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ures, and concludes in these words: “Although it has here
been attempted to put a money value on life we individually
feel that life is priceless, and that we may look to the 2,439
persons saved from the jaws of death in this single town
(of Croydon), as the living testimony of the great value of
sanitary work. To allow to perish by sanitary neglect is

E Liying
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&
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Fig. 26. Plan of New York Tenement House.

just the same as to take so many persons out of their homes,
and forcibly put them to death; and yet if this were done
the whole nation would revolt at the crime. Yet in how
many instances do our local authorities calmly look on while
poor and innocent victims are condemned to breathe
poisoned atmosphere, or drink poisoned water which is a.
great crime in the eyes of humanity.”

Some of the worst of these dens are being removed to
give place to better. But the question is, how the former
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£1g. 2b. Section of a New York Tenement House,

inmates will be able to pay the higher rents the improved
quarters command until the public recognizes its full duty
and true self-interest in the matter.
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CHAPTER IIL

BACTERIA.

Before we can properly judge of the relative merits of
different systems of sewerage and plumbing, or of different
kinds of appliances

used in them, or of

the effect of sewage

decomposition  upon

our health, we must

study the nature of

the substances with

which we have to

deal. The discov-

eries of the last few

years have radically

Fig. 27. Medieval Metal Worker altered our methods

Froptd, Plumper. of treatment' of sew-

age, both within and

without the building. We have through these discoveries,

learned why it is that sewage must be quickly removed from

our neighborhood instead of being allowed to remain in

cesspools long enough to undergo putrefactive decomposi-

tion, and why and how oxidation should be accomplished,

and it is chiefly through the revelations of the microscope

in the mighty world of microorganisms that this all im-
portant knowledge has been given to us.

The science of bacteriology has become to the sanitary
engineer, in a certain sense, the most interesting and im-
portant of all sciences, though dealing with the most infinit-
esimal of all known living organisms. Without its aid he
has been groping about in darkness. With it he proceeds
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boldly forward on firm ground to the goal of perfect sani-
tation.

Let us, therefore, go with the biologist into his laboratory
for a while and view with him the marvels of the micro-
scopic world, the little beings upon whose activity all life
on our planet depends, the agency through which new life
returns from death; the silent, untiring builder, infinitesimal
and impotent as a single individual, but gigantic and irre-
sistible as a collective force.

The word “bacterum” or “microbe” means to most people,
even today, something terrible and destructive, because only
within the last few years have we learned the vastly greater
importance of these organisms for good than for evil, and
see in them our indispensable friends. There are black
sheep among them, but they are as few, comparatively, as
the criminals in human society who constitute the “rogues’
gallery.” There is no family of visible plants which begins
to compare with these microscopic ones in importance.

Although there are now known to be several hundreds or
perhaps even thousands, of different species of bacteria,
they have only a few general forms which correspond
respectively to spheres, rods, and spirals. Our Fig. 28* il-
lustrates all of these forms. At the top we see in Figs. 1 to-.
5 of the plate, the spherical bacteria, called micrococci. Al-
though they all look alike, they are nevertheless all of en-
tirely different species, those in Fig. 2 being disease germs,
and the remainder being germs of fermentation. Fig. 6
is a yeast bacterium which forms the beautiful rose-
colored patches on cooked potatoes. Next below come the
rod formed bacteria, Figs. 8 to 16, some of which are in
process of division into shorter pieces, the usual method of
multiplication of bacteria. Those in Fig. 10 come from the

*From “The Bacteria,” by Dr.. Antoine Magnin, translated by
Dr. G. M. Sternberg.
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surface of sour beer. The remaining figures show the spiral
bacteria. Fig. 17 is named in this plate as the *vibrio ser-
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pens,” and Fig. 21 the “spirillum volutans.” Fig. 19 the
“spirillum tenui,” single and felted into “swarms.”

All these organisms are far too minute to be visible to
the naked eye. The spheres vary from one to six one-hun-
dred-thousandths of an inch in diameter, and the rods and
spirals have a thickness about the same as the diameter of
the spheres, and a length varying all the way from a little
more than their thickness up to long threads of a thousandth
of an inch or more.

Frankland,} speaking. of the size of bacteria, says we
could have a population of them one hundred times as great
as that of London settled on a single square inch, without
any complaint of overcrowding, but giving each individual
organism one four-hundred-millionth of a square inch of
space, which is quite adequate for a citizen in the common-
wealth of these Liliputians.

It is in their enormous and almost incredible power and
rapidity of multiplication that their importance lies, some
species having been observed under the microscope to di-
vide every half hour or less. They infest all our surround-
ings, entering our nostrils with every breath we take, swim-
ming in every draught of water, and are in full possession
of every inch of ground we stand upon.

They do not, however, descend to very great depths in
the soil, few existing, according to Prof. Conn,} below four
feet. At the surface they are very abundant, and if the
ground is moist and full of organic material the number
may range here from a few hundred to several millions per
grain. In the ocean they are found at all depths within a
hundred miles from the shore, as well as in the sediment at
its bed. At the rate of reproduction observed, each bac-
terium would have over sixteen million descendants in a

?"Our Secret Friends and Foes'” by P. F. Frankland.
1H. W. Conn, “The Story of Germ Llfe D. Appleton & Co,,

"
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day, and over 281 billion in two days, aggregating in weight
about a pound. At the end of the third day, if the process
were uninterrupted, the descendants would weigh about 16
million pounds, and in five days they could, if properly
nourished, fill the entire Atlantic ocean solid full. Fortu-
nately, however, Nature supplies the bacteria with a num-
ber of enemies most wonderfully adjusted to keep them
within proper bounds.

Now this marvelous power of growth is chiefly due to a
fact which gives the bacteria their extreme importance in
Nature, especially to the sanitary engineer. Other plants
require simple substances like carbon dioxid (CO,) and
water for their nourishment, but the bacteria are able to
feed upon the complex organic material of animal and plant
structure. They tear this structure after death to pieces,
chemically speaking, and prepare it for new forms of life.
The discovery of the conditions under which this is done is
revolutionizing the science of sewage disposal.*

Some species of bacteria have, in addition to the power
of reproduction by simple fissure, a second method by
means of spores which develop within them, and the man-
ner in which the spores grow serves as one of the points by
which the different species of bacteria are distinguished
from one another. The spore serves the purpose of keeping
the species alive under conditions of adversity, through its
wonderful power of resisting extreme heat (in some cases
for a short time, even above that of boiling water), severe
cold, desiccation, and all sorts of rough usage, which would
speedily destroy the parent germ. Indeed they are, says
Frankland, “the hardiest forms of living matter which
science has yet revealed.”

*See Frankland and Conn, from whom the facts in some of
these passages relative to bacteria have been taken, and even in
part, in a few cases, the wording itself, to some extent interspersed
with my own.
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Some, but by no means all, species of bacteria have the
power of active movement, the study of which forms one of
the most fascinating microscopic spectacles which exist.
“The varied motion,” says Frankland, “of the countless
swarms of individuals following their sinuous paths across
the field of the microscope, in all directions, and in the three
dimensions of space, much after the fashion of a cloud of
midges piaying in the sunshine, produces an irresistible im-
pression upon the observer, that each individual microbe
is assisting in and conscientiously performing its part in a
highly complex and thoroughly organized Scotch reel, con-
ducted at express speed.” This motion is supposed to be
produced by flagella, which lash the liquid with great activ-
ity and give the plants so strongly the effect of animals that
it is almost impossible to believe what the authorities tell
us of their being among the lowest forms of simple vege-
table life similar to the oscillaria or green thread-like plants
known to the botanists.

Before studying the action of bacteria in their role as
sanitarians and fertilizers of the soil, it is important to say
a word as to their use in the arts. Many important indus-
tries are now known to be absolutely dependent upon them
as agents of fermentation and decomposition. Sometimes
they split up the molecules of the substances upon which
they act into simpler molecules and sometimes they build
them up into more complex ones, in all cases changing their
chemical natures, and thereby forming numerous useful
products which could not exist without them. The world
is only beginning to realize their tremendous usefulness in
these ways.

There are, in the first place, many industries which may
be classified as maceration industries, or based on the de-
composition powers of bacteria. Hardly any organic sub-
stance is able to resist their softening influence, and man
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has taken advantage of this power in many arts. Thus
linen, jute, hemp, and other vegetable fibrous growths re-
quire fermentation to free the valuable fibers from the
woody parts with which they are associated in nature.
Aided by moisture and the proper temperature the bac-
teria soften the fibers and thereby permit of the separation
of the useful from the useless parts. This so-called
“retting’’ process is not allowed to continue long enough
for the bacteria to injure materially the valuable fibers, but
only long enough to facilitate their dissolution from the
rest.

The preparation of sponges for use is also accomplished
by bacteria. They decompose the soft tissues constituting
the body of this marine animal so that it can be removed
by washing from the skeleton, which forms the sponge of
commerce. Leather is prepared for the tannery by bac-
teria. The hide with the hair on it is steeped in warm
water until partial decomposition enables the hair to be
easily removed with a knife. The manufacture of citric,
lactic, butyric acid, vinegars, indigo,” tobacco, opium and
many other substances is accomplished by the aid of bac-
teria in producing fermentation. In all of these processes
a different species of bacterium does the work, the proper
kind appearing, by some wonderful provision of nature,
immediately when the proper conditions ‘are provided for
it They seem to be ever on the alert to serve us, and
hasten to the spot where needed and there multiply with
marvelous rapidity until the number of workers required
to accomplish the desired result in the best manner and
shortest time possible has appeared. .

Butter and cheese making can only be accomplished by

the aid of bacteria of various kinds, and it is probable that
any desired flavor will be produced by the scientific dairy-
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man of the future by cultivating and introducing the spe-
cial kinds of bacteria which experience teaches will yield
the desired result.

We come now to the species of bacteria most interesting
to the sanitary engineer, to those which provide plants and
animals with food during life and take care of them after
death. Upon these all life on the globe is dependent and
would cease if their labors were suspended for any consid-
erable length of time.

Plants and animals both require food, but while animals
can live upon plants, plants are unable to obtain their en-
tire nourishment directly from animals or other plants.
Their elements must first be taken apart in order to pro-
vide food simple enough for continuing their life, and
these simple products must be restored to the earth, which
would otherwise soon be exhausted of its plant food in-
stead of remaining year after year for untold ages as fertil-
izers. All this is done by bacteria. Moisture alone is not
able to disintegrate the hard trunks of trees and the bodies
of animals when they die. It could not soften their tissues
and convert them to gases and elements suitable for plant
food. Were it not for bacteria, which alone possess this
power, the earth would soon be completely covered with
dead bodies, leaving no possible room for further growth
of plants and animals. This bacterial action is what is
known as decay, and it is called “decomposition” when it
takes place in the presence of oxygen, and “putrefaction”
when oxygen is debarred. Sanitary engineers have just
begun to learn the vast difference between these two forms
of decay and to put their knowledge to practical use in
their systems of sewerage and plumbing. They have learned
that entirely different species of bacteria are employed in
these two processes, and that upon their success in cultivating
the one or the other depends the value of their efforts.
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Fig. 29 shows the cycle of life and the part played therein
by the different kinds of bacteria.

At the bottom of the circle is mother earth. It contains
some of the principal ingredients which form the food of
plants, and above all compounds of nitrogen called nitrates.
Carbon dioxid and water are also required by plants and
these are obtained partly from air. Other compounds in
the soil which plants use are salts of potassium, phosphorus
and some other elements, but these are here omitted for
simplicity as of less importance in this connection.

The roots of the plants shown on the earth at the left
take up the nitrates from the soil, and their leaves absorb
the gases from the air, and with the energy furnished by
the ‘sun’s rays build these simple compounds into more
complex ones shown in the circle above the plants as the
second step. They are sugar, starches and fats, forming
the complex food required by the animal kingdom, indi-
cated by the figures of a man and a horse at the top of the
cycle. Some parts of these foods are at once decomposed by
the animals and given back to the air from their lungs and
pores in the form of carbonic acid and water, and we have
shown these in our picture by dotted lines returning at
once again to the plants at the bottom. But this quick
return does not occur with the nitrogenous foods. These
require further treatment and must continue around the
circle of changes, forever repeated in nature’s great labor-
atory. Animals build these nitrogenous foods into new
albumens, reducing part directly into urea, which is ex-
creted. But a plant can neither feed directly either upon
the nitrogen compounds stored in the bodies of the animals
nor upon those which are thrown off by them during life.
It cannot feed upon the flesh, fat, bones nor excreta which

*I am indebted to Prof. Conn for the idea of representing
Nature's food cycle graphically, but the special design is my own.

57



PLuMBING AND HOUSEHOLD SANITATION.

constitute the products of animal life as shown in our pic-
ture at the right of the animals. They must be reduced to
simpler forms, and the third step in the food cycle is taken
by the decomposition bacteria. The animals have died,
as we see, and the bacteria are already engaged in their
work as scavengers. Our drawing shows, at each step, the
particular form of bacterium actually found at work at that
stage, and copied from life, as revealed by the microscope.
and in the four outer corners we have reproduced photo-
graphs of the four principal types of bacteria most inter-
esting to us in this connection as sanitary engineers. You
see, therefore, thrown upon the screen, individual mem-
bers of this valuable community as they actually appeared
while engaged in their great work of food preparation and
sanitation. Only they are here magnified by the electric
.rays to several hundred thousand times their real dimen-
sions. They are our great little co-workers, the faithful
engineer’s assistants, the patient, industrious, eager, non-
complaining plumber’s helpers. We may take a lesson from
these helpers in their unceasing, ever-cheerful toil.

“Ever at toil.” they bring “to lovliness
All ancient wrath and wreck.”

These organisms exist in the air, soil and water, always
on the alert for any organic substance requiring their pres-
ence, and no sooner is it provided, instantly, as if by magic
they appear and begin to break it up for plant food! A
portion of these cleavage products takes the form of car-
bonic acid gas and water, which are dissipated in the air
and return at once, as shown by the dotted lines, to the
plant. But the other portion, containing nitrogen, is broken
up into ammonia, N H,, or into compounds called nitrites.
But these are too simple for plant food. The chemical
destruction by this particular detachment of helpers has
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too thorough, and another gang of workmen must be em-
ployed to complete the process begun by the first before the
food is quite ready for the plants.

We come now to the species of microdrganisms which,
for us sanitarians, is perhaps the most interesting and im-
portant of all—the bacteria of nitrification. They exist
everywhere, especially in fertile soil, and they are so very
valuable and commendable that I have induced a few of
them to sit for their photographs for this occasion. They
appear at the right of the circle and are nearly spherical in
shape. These bacteria, by further oxidizing the nitrites and
ammonia, prepare the food finally for the plants, and form
the last link in the chain that binds the animal to the vege-
table kingdom, for the nitrates and nitric acid which they
form are left in the soil where they can be seized upon by
the roots of the plants and then begin again their journey
around the food cycle.

Thus the nitrifying bacteria perform the great final func-
tion of waste disposal and sewage purification by both re-
moving the matters in decomposition without offense or
danger and providing the means for new life at the same
time. They differ therefore entirely from the bacteria of
putrefaction, which create products not only dangerous and
offensive but incapable of supporting new life.

In our food cycle some of the processes of decomposition
throw off a portion of the nitrogenous matter into the air in
the form of free nitrogen, and this is out of the reach of
plants, because plants do not possess the power alone of ex-
tracting free nitrogen from the air. Hence unless the plants
can obtain some external aid in reaching this nitrogen it will
be gradually exhausted by dissipation in the atmosphere.
and life upon the earth become gradually extinct. But here
again we have found, within the last few years, that we can
again count upon our busy friends, the bacteria, only in this
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case there are two distinct species operating in concert in
our service. They act in at least two different ways in re-
claiming from the atmosphere more or less of this dissipated
nitrogen; first by cooperating with each other, one kind
turning the ammonia into nitrous acid, and the other kind
the nitrous acid produced by the first into nitric acid, and
second, by coOperating with some of the higher plants be-
longing to the great family of legumes, including the pea,
bean and clover plants. The bacteria which thus combine
with these legumes in collecting the nitrogen are shown in
the lower right hand corner of our circle, and the legumes
themselves are seen growing in the earth below them. The
bacteria form in colonies or nodules on the roots of the le-
gumes as shown, and here in this humble position, perform
unseen the marvelous and all-important function we have
described.

The explosion of gunpowder, nitroglycerine, dynamite
and other compounds of saltpetre also dissipates free nitro-
gen in the air, though saltpetre itself is a good food for
plants.

So while hostile armies of human beings meet on the field
of battle and waste nitrogen by blowing one another to
pieces with gunpowder in the service of Mammon, the more
humane and thrifty armies of bacteria run to the field to
take care of the dead and gather up again the valuable nitro-
gen squandered by men, and the poor farmers spend their
meager earnings buying nitrogenous fertilizers to take its
place.

Thus our food cycle is complete. Beginning with the ni-
trates in the soil, the food matter circulates from soil to
plant, from plant to animal, from animal to bacterium, and
from bacterium through other bacteria back to the soil, and
so on again in a never ceasing circulation.

Disease germs play a comparatively unimportant part
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among the bacteria, and might be stamped out altogether
were men only half as alive to their own best interests as are
the bacteria themselves. Nevertheless I have shown them in
the cycle in the upper left hand corner as one of the agents
of the death of animals. The germs in the circle showing
flagella are the bacilli of typhoid fever. Those in the photo-
graph at this corner were found in the blood of a yellow-
fever patient. * Disease germs secrete, during their growth,
poisons which have been separated and studied, some of
them being the most virulent of which we have any knowl-
edge. These poisons produce the violent symptoms of the
disease.

The bacteria shown in the circle under the typhoid bacilli
are the kind which produce pleasant flavors4n butter and are
used commercially for the ripening of cream, but they
closely resemble many species active with the products of
plant life. The other three corner photographs were chosen
simply because they represent germs having forms similar
to those in our circle, the two lower coming from potatoes
in different stages of decomposition. ’

Even in the first formation of the <oil we are dependent
upon bacteria. Soil is partly produced l;\ the weathering or
crumbling of rocks into powder, which J: partly a physical
action, but which appears also to be partly due to acid secre-
tions of bacteria which soften the rocks so that the physical
agencies work upon them more rapidly. The soil also con-
tains certain sulphates, phosphates and silicates which are
deposited by the aid of bacterial action. But the more im-
portant element of soil fertility lies in its nitrogen com-
pounds which are supplied partly as already explained by
bacteria acting together or with legumes, and partly by the
action of bacteria on fertilizers applied to the soil. The
manure is not suitable as plant food until its Lighly com-
plex compounds of nitrogen are reduced by bacteria to its
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simpler forms. This is done with the aid of oxygen. Science
is teaching us how to avoid waste of sewage material as fer-
tilizers, by aiding the bacteria through special chemicals in
their work of restoring nitrates and salts of ammoma to the
soil. These chemicals reduce to useful salts the free am-
monia, nitrogen and nitrites the bacteria produce and thus
aid in preventing their dissipation in the air. Hence it is
that the problem of the sanitary engineer, so far as it con-
cerns the fertilization of the soil, appears to resolve itself
into a proper handling of bacteria.

In the early periods of the world’s history and in thinly
populated districts, waste matters could be simply spread
over the ground with comparatively little danger to the
health. Air and bacteria had plenty of room in which to do
their work unaided by art. Where it was spread about fa-
vorite trees or over the lawn intermittently and in modest
quantity the result was entirely satisfactory, so much so in-
deed, that this method is the one modified only by being car-
ried out on a larger scale, which modern science is leading
“us back to, as the best for entire cities. But as people began
to crowd together in towns and cities, and land surface be-
came more and more limited, refuse began to be buried un-
derground in cesspools, and the dangers coming from putre-
faction developed and increased with the growth of the com-
munities until the need of scientific treatment was realized
and the sanitary engineer and plumber were born. Unfor-
tunately the leaching cesspool with all its noisome horrors
is still the favorite monstrosity of many towns and villages,
their most approved location being within friendly reach of
the family well. The ground between becoming more and
more charged with filth until the “old oaken bucket” draws
disease and the doctor as well as sparkling water into the
house. Col. Waring gives these two rules as the cardinal
principles of modern sewerage. ‘““Organic wastes must be
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discharged at the sewer outlet in their fresh condition—be-
fore putrefaction has set in;” and (2) “They must be re-
duced to a state of complete oxidation without the interven-
tion of dangerous or offensive decomposition.”

Sewage consists of all the water-borne refuse of a com-
munity, its most important elements from the sanitarian’s
standpoint consisting of the wastes of the kitchen and pan-
try sinks and water closets. These matters once in the sew-
ers become after a very short time substantially the same in
appearance, odor and composition, and must receive sub-
stantially the same care, precautions and treatment. Both
consist mainly of organic food matter, only in one case it
has been eaten and digested and in the other case it has not.
It averages in proper sewerage systems about one part in a
thousand of water, and the object of sewage purification is
to detach and render harmless that one part of organic ma-
terial as economically as possible and leave the effluent wa-
ter pure. The contents of water closets, may, it is true, have
the distinction of containing at times certain specific disease
germs, but these germs canonly live for a time and may be
found in any household waste water. The Liernur system
of sewerage is based on separating water closet from other
wastes by means of a separate pipe system, but nothing is
gained by attempting this. Infected refuse should, if pos-
sible, be burned or all pathogenic germs in it destroyed by
disinfection in the sick room, where they are produced,
before being discharged into other sewage. But the main
thing which the science of biology has taught us as sanitary
engineers, is that the bacteria of putrefaction are to be
everywhere avoided as producing offensive products in-
jurious to the health both of man and animals on land and
of fish in the sea, and that the bacteria of quick decomposi-
tion and nitrification are to be cultivated as reducing sewage
to useful' materials absolutely without danger or offense of
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any kind. It is found that the latter bacteria and the en-
vironment of fresh air, in which they flourish, are the ene-
mies of those of putrefaction and disease and that they will
destroy them when arrayed against them in sufficient force.

A consideration of the different methods of sewage dis-
posal which are the result of modern sanitary science will
form the subject of another lecture, our purpose for the
present merely being to show why it is essential to avoid
everywhere seats of putrefaction, cesspools and fermenting
chambers of every description large or small and hurry the
sewage away as rapidly as possible in order that it may be
delivered in a fresh state to places where the friendly bac-
teria may dispose of it to the best advantage.:

It may seem, at first thought, a trifling matter to insist
upon the abandonment of such small cesspools as pan closet
receivers, grease traps, pot traps and small unscoured dead
ends of every kind in our sewerage and plumbing systems,
but when we remember that in large cities and towns these
little cesspools must be multiplied by thousands or hun-
dreds of thousands, we see that the aggregate of putrefaction
generated in them all when emptied into the sewers, gives
to our enemies, the dangerous class of bacteria, a very con-
siderable equipment for harm, and enables them to resist
far longer the friendly battalions of our allies.
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CHAPTER IV.

SEWER AIR.

EFORE taking up my
subject where we left
off at our last lecture
we will look at a
picture illustrating
two systems of plumb-
ing as radically dif-
ferent from each
other as any two
things can be (Figs.
32 and 33.) The
first, Fig. 32, repre-
sents the waste sys-
tem of a small apart-
ment house of three
flats and gives, in ad-
dition, to two sepa-
rate stacks of soil
pipes, also a set of

; “back-vent” pipes as

Fig. 51. Simplicity with Security. generally recom-

mended by many

plumbers today. There is also a separate rain-water stack,

a main house trap with its special ventilating stack, similar-

ly approved. Besides these many advise a special stack for

local vent, as well as a drip pipe from the principal fix-
tures. Finally in some localities an exterior sewer vent pipe
is called for by the sewer department.
All of these except the sewer vent I have introduced in
66
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the same figure in order to present what many would con-
sider an absolutely perfect outfit. It is copied from a draw-
ing presented as a “model” by one of the leading plumbers
in the country, except that I have added, as a finishing
touch, the drip pipe frequently recommended for extra fine

Fig. 32.
Complicated plambing, showing the modern tendency.

work. An exterior sewer vent to the roof should also be
added where the disconnecting trap is used.

In Fig. 33 I have treated precisely the same fixtures in a
somewhat simpler manner.

Now I have no doubt many of you have wondered
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why it was necessary to administer quite so powerful a dose
of bacteria in a modest course on house plumbing. But if I
show you presently that it is precisely the discoveries made
upon these very marvelous organisms within the last two or

Mg. 38.
Simpler and better plumbing which should Le substituted
for the complicated system.

three years which have justified our declaring the simpler of
these systems to be by far the safer and better of the two,
vou will not, I am sure, regret the time we have spent upon:

them. _
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If it has been shown that the air of sewers does not swarm
with disease germs, as has hitherto been supposed, and is
freer from all forms of bacteria than the outer air above
them, and that, in well ventilated sewers, this air is en- e
tirely innocuous, then, clearly, the disconnecting trap and
its vent become useless, and should be omitted, so that the
soil pipe may serve as an additional means of ventilating
the sewers.

If, finally, it has been proven that, in connection with such
a sewer, a sound and permanent water seal is a reliable bar-
rier to the passage of odors and miicro-organisms of any
kind through the traps of fixtures, and that such a seal can
now practically be obtained by a correct form of the seal
alone, then, clearly, back venting becomes a back number,
and the soil pipe can also be used as a rain water conductor,
flushing itself.

I am perfectly aware that to sustain this very heretica}
position to vour satisfaction, the proofs 1 bring forward
must be unanswerable and very clearly presented.* The
claim is a very vital and important one destroying, as it
does, with a single sweep, a vast network of piping, which
has been for a long time regarded as a necessity beyond all
question. Therefore I shall make no excuse for treating the
matter somewhat methodically and thorough)y, and shall
endeavor to array the proofs in such order és will render
them most easily intelligible. It is for this reason that we
have in our first lecture investigated to some little extent the
habits of some of the microscopic world of bacteria.

The next thing we must do is to become scientifically ac-
quainted with sewer air; and in the next illustration I shall

*This position was considered more heretical in 1899—at the
time these lectures were dellvered, a time when trap venting was
almost universal, and even defended by a few engineers of some
repute—than today, when cities and towns are rather rapidly aban-
doning the back-ventlng of traps, the use of the main or disconnect-
ing trap and other old superstitions.
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show you pictures of two kinds of sewer air, one the kind
you find in well-constructed and thoroughly ventilated sew-
ers, the other, however, residing chiefly in the imagination
of the public and supposed to contain deadly poisons and all
sorts of disease germs. The last is the kind plumbers seem
to have in their minds when they erect in the houses of their
wretchedly abused clients those formidable barncades of
pipes shown in Fig. 2.

The first drawing, Fig. 34, illustrates a well built stone
sewer of a modern city, and is very similar to one of the

Fig. 35. Samples of disease germs
supposed to exist in an
Fig. 34. Paris sewer. unventilated sewer.

large sewers of Paris which I inspected in 1871. This sewer
was so clean and well ventilated that it was not only much
freer from germs than the street above it, but it was even
without any offensive odor, so much so indeed that hundreds
of people, both ladies and gentlemen visit them annually, as
one of the particularly attractive sights of the metropolis.
Compared with some of the filthy ones in our great cities,
this sewer is a veritable health resort,

I made the trip just as you see presented in the picture.
The truck in which we rode was propelled by the water it-
self, containing in this case, perhaps, one part of sewage to
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2,000 parts of water. It had a sliding gate descending from
the rear of the car into the sewage against which the stream
pressed, the car wheels running on the sidewalks on each
side. We found the place quite as sweet and clean, quite as
light, and quite as quiet as our famous Boston *‘Subway”
and we were not once “held up” during the entire trip by
pathogenic bacilli, either singly or in gangs, as some of the
ladies evidently expected to be. I have drawn more “win-
dows” in the sewer than there really were, because they
should have been there, and in the future undoubtedly will
be. The walls should be lined with white enameled bricks or
tiles. Properly ventilated it would be the best place to carry
gas, light, water and other pipes and wires.

The other picture, Fig. 35. is a correct drawing of a sewer
built in an uncomfortable place described by Bunyan in his
“Pilgrim’s Progress,” and contains a great many germs of
an exceedingly ferocious disposition, and is described by
Bunyan as the place to which all those plumbers are con-
signed who have, during their lifetimes, imposed upon a
confiding public a larger number of waste pipes (called by
Bunyan “wasted” pipes) than the conditions actually re-
quire.

By sewer air is meant the air of drainage systems, and
consists in a mixture of air with vapor and a number of
gases of the decomposition of sewage in varying proportions
according to the system of waste disposal employed, to-
gether with floating solid matters, and a small number of
bacteria.

The most important of these gases of decomposition are
carbon. dioxid, carbon monoxid, ammonia, sulphuretted hy-
drogen, carbonate of ammonia, ammonium sulphide, methyl
sulphide, and a number of volatile organic compounds,
which, though they give sewer-air its peculiar odor, are
present in too small quantities for accui ate chemical deter-
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mination. Average sewer air in properly constructed sew-
erage systems contiins a less number of micro-organisms
than the external air of cities, and far less than the air of
crowded rooms, because these organisms, being “particu-
late” are retained by the water and damp surfaces of the
sewers when they come in contact with them. According
to the careful and elaborate experiments on the comparative
bacteria of sewer air and sewage itself in the sewers of’
Laws and Andrewes* made for the London County Coun-
cil, and of numerous other investigators whose testimony
we shall quote, it has been found that the microérganisms
in the air are totally unlike those in the liquid below it,
whereas they do correspond with the organisms in the air
outside of the sewers.

The air of sewers contains less oxygen than exterior.air,
because some of it combines with carbon in convertmg the
sewage into carbon dioxid.

I shall use the term “sewer gas” to designate the air of
cesspools and foul sewers, as distinguished from the air of
modern well-constructed and well ventilated sewers. More
correctly speaking it should designate the actual gases of de-
composition before it is mixed with pure air at all.

Of the chemical constituents of the air of sewers, more or
less diluted with normal air, carbon dioxidt is the gas
usually found in the largest volume, and is the invariable
product of all organic decomposition. It is the “choke
damp” of coal mines, and is fatal when inhaled in a highly
concentrated form. Being heavier than air, it tends to fall to
the ground and remain in the sewers rather than rise from
them into the house, unless a strong current induced by
heat or other agency raises it. In well-ventilated sewers this

*J. Parry laws and F. W. Andrewes, London County Council
Reports, No. 216, 1895.
tCarbonic acid of the older chemistry.
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gas is incapable of producing the ordinary phenomena of
so-called *“‘sewer-gas” poisoning.

The weight of this carbon dioxid is clearly shown by
the simple experiment of blowing cigarette smoke into a
glass tube and observing the manner in which it settles to
the bottom of the tube, the exhaled air being largely com-
posed of this gas.

Carbon monoxid* is present in sewers only in exceedingly
minute quantities, and even then it is generally due to. the
leakage of illuminating gas into them.

Nitrogen, found in sewer air, is incapable of supporting
life when uncombined with oxygen, but it is not known to
possess any poisonous properties, and in fact its amount in
sewers varies little from that in ordinary air.

Sulphuretted hydrogen is a poison when imbibed in no
stronger mixture with air than one part in 250, but its odor
is so powerful and disgusting that its presence in very small
quantities would be insufferable, and it is not found in well
ventilated sewers in quantity as great as in an ordinary lab-
oratory where the gas is generated without injury to the
operators. Indeed, as Baylies says, a laboratory would not
smell natural without it, and yet chemists constantly
breathing it, have not been found to suffer any more from
typhoid and gastric fevers, cholera, diarrahea, general de-
bility or any other of the derangements supposed to be due
to the inhalation of sewer air, than those who never enter a
laboratory.

“Students of analytical chemistry have been made sick by
inhaling sulphuretted hydrogen, but not seriously, and yet a
house in which the smell of this gas was as strong as it
usually is in many laboratories at any hour of the day or
night, would be considered untenable.”

As for 'ammonia, it may be inhaled in doses far stronger

*Carbonic or carbonous oxid according to the older terminology.
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than it ever occurs in properly constructed and ventilated
sewers, not only without injury, but if we may judge from
the fondness shown by ladies for the smelling salts bottle,
with very positive benefit.

Therefore the dangerous element in sewer air must be

sought in what is called organic vapor, which is an indefinite
name for something of which no definite knowledge has so
far been attained. The very recent researches of Dr. Alessit
corroborate this conclusion.
*In spite of the very general testimony of modern author-
ities as to the reality of the dangers of breathing certain
kinds of sewer-air in confined places, there have been mis-
believers who have characterized the wide-spread fear of
sewer-gas as groundless panic, and the records of the great
epidemics as mere sensational stories. Therefore it is nec-
essary to follow and fully understand the recent very im-
portant investigations and discoveries of scientists in this
domain, not only as an aid to personal security, but also
because they have a very important bearing upon the
methods of sewerage and plumbing, which should be adopt-
ed to conform to the new light they have shed.

It was very natural that, before the science of bacteriology
had enlightened us, sewer-gas should be regarded with a
very great and vague terror as of an unknown enemy await-
ing us in the dark.

So we find exaggerated fears on the one hand and a
false sense of security on the other, both based on an ignor-
ance of the nature of sewer-gas, and of the proper method
of dealing with it.

. On the part of the terrorists it was common to hear the
air ‘of evéh’well ventilated sewers described as a form of
concentrated pestilence laid on our houses with the soil pipe

1G. Alessi “Onh_Putrid: Gases.as Predisposing Causes of Typhoid
Fever Infection,” Journal of the Sanitary Institute, London, 1895
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connections as one would connect a fuse to explode a
mine. Doctors and sanitarians seemed to vie with one an-
other in arousing the greatest possible amount of alarm. A
physician quotes a professor of hygiene as saying, “Sewer-
gas is so subtle that its presence is many times not de-
tected, and yet so laden with the germs of disease that
diphtheria, scarlet fever, typhoid fever, and other fatal
maladies are the sure event to those who dwell in such air-
poisoned houses.” Indeed, it might almost be said that about
every disease or indisposition to be found in the medical
calendar has been at one time or another attributed to
sewer-gas poisoning.

On the other hand, the scoffers pointed to the experi-

ments of Carmichael, Wernich, Miquel and others, and de-
clared that disease germs could no more escape from sew-
age than a sausage could jump out of akettle of water, and
that the fear of sewer-air was altogether irrational. The
plumber, they said, is a sufficient refutation of “their
notions,” for he works at the very jaws of the sewers and
flourishes on their breath. They seemed to ignore the fact
that plumbers do suffer, when exposed to foul gases, and
that the most prudent of them take the precaution to keep
the “jaws of the sewers” well gagged while they are at work
upon them. It is their custom to complete the plumbing
work before the sewer connection is made, so that sewer-gas
is not allowed to play about the building with such unre-
strained license as many seem to imagine. But, as com-
pared with workers in other trades and professions, plumb-
ers lead an out-of-door life largely in buildings but partly
completed or closed in, and must be in the full vigor of
youth to carry on to the best advantage their somewhat
arduous calling, and the experiments of Alessi show that
the system undoubtedly becomes inured to some extent to
inhaling the products of decomposition.
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These factors enable them to withstand the enervating
effects of exposure to sewer-air better than others, and so
far as the pathogenic bacteria are concerned, it is in the
feeble body, debilitated by confinement and impure air that
they make most headway when once they gain entrance,
against the armies of the white corpuscles or *“Leuco-
phytes” with which nature has so wonderfully provided us
as a body guard.

But Dr. F. L. Dibble,* of Philadelphia, has made the
most vigorous protest against the reign of sewer-gas terror
in his “Vagaries of Sanitary Science.” His writings, how-
ever, ‘like those of his more violent adversaries, were pub-
lished more than fifteen years ago when his peculiar deduc-
tions were more excusable than they would be today. He
writes as follows: “It was soon after 1850 when the gases
of the sewers first began to be talked about; but it was
not until about the year 1857 that it was decided, not by
chemical experiment or by any other investigation, but by

"*a whim of the sanitarians, that there should be a distinct
substance known as sewer-gas.

“The most discordant and contradictory properties were
at once imputed to it. Sometimes its gravity caused it to
descend into the bowels of the earth; again, by its surpass-
ing levity, is ascended to heaven. Its powers of lateral dif-
fusion were illimitable; it would permeate masonary eight
feet thick; its backward pressure was enormous; then, un-
like other gases, instead of finding vent at the manholes and
large openings of the sewers, it had such affinity for the
human system, to poison and destroy it, that it remained
pent up until it could find egress through some crack or
pin-hole, and escape into our dwellings. Sometimes it
had a vile odor; again it had a faint, mawkish smell
but the climax of danger was reached when it was odorless,

.

*“Vagaries of Sanitary Science.”
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‘Poisoning by sewer-gas,’ says the London Lancet of 1882,
in condemnation of the water carriage system, ‘which has
no smell, is the cause of many maladies. We take the
rattle off the tail of the snake that he may better bite us
with impunity. Better let the atmosphere of a house be
nauseating from the fumes of recent faeces or pestilential
from the fumes of a cesspool than poison its inhabitants
with the demon sewer-gas skilfully laid on by a system of
closed drains.” Ventilating them by gratings in the street
‘is Machiavelian in its refinement of folly and wicked-
ness.””’

The doctor has also a kind word for the plumber of that
day, of whom he wrote: “This guide, philosopher and
friend proceeded without delay to fabricate and set traps
for us, which he said would shield us from the deadly vapor.
He had no sooner put one in than it was shown that the
gas was generated in such quantities in the sewer that it
was forced past the trap. The next one he placed went
through that inscrutable process of ‘siphoning out, and
we were worse off than if we had no traps at all. We must
now ventilate them; when this was done, the joints began
to leak, and he said the materials of the pipes were so weak
that it could not stand the peppermint test; and in some
way that future improvisation alone would explain, it was
proclaimed that sewer-gas escaping from a pin-hole would
cause disease much more surely than if it were passing
out in volumes a foot in diameter. There was no safety but
tearing out all of the old fixtures and replacing them with
new ones. After their renewal we were no better off, for
not a day passed that the sanitary dervishes did not relate
the poisoning of whole families by sewer-gas.”

This makes entertaining reading, but we know now that
the mistake the doctor made was in failing to distinguish
between what was dangerous and what was not. His dia-
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tribes, however, were useful in instigating more careful
study of the facts, though he was entirely justified in his
strictures on the increasing complication of plumbing and
on the back venting of traps.

These disputes among the sanitarians might have been
avoided if they had defined the kind of sewer-air they were
discussing. If one side had reference to the air of such
sewers as the underground sanitariums of Paris, I have
shown you, with their aquatic pleasure parties, and the
other had in mind the mephitic gases of horribly foul cess-
pools, their discussions must necessarily be interminable.

The very discussions, however, gave rise to eager in-
quiries for statistics and closer observations on the part
of scientists, so that now we have a long record of observed
cases of injury to the health of persons exposed to sewer-
gas of various kinds.

These statistics can be read by the layman as well as
by the physician, and one of the best and most interesting
reviews of them has been made by a civil engineer, Mr.
Roechling.* Indeed the physicians and scientists lack often
the time to master the applications of their own researches
and discoveries to sanitary engineering and plumbing. Thus
one of the most recent works on sanitation and hygiene
written by a physician devotes a chapter to plumbing and
sewerage which contains many errors in design and prin-
ciple. His instruction, for instance, that every soil pipe
branch serving two or more water closets should be ex-
tended up above the highest fixture in the house or above
the roof, would please the pipe dealer, but tend to bankrupt
the average owner, besides adding immeasurably to the
complication and leakage possibilities, especially in large
houses and hotels. His rule should have been worded

*“Sewer Gas and Its Influence Upon Health,” by H. Alfred
Roechling, C. E. Biggs & Co., London, 1899.
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“every stack of soil pipe should be extended up through
the roof.” To extend also every branch to the roof
would add complication even the most rugged pipe
dealer would hardly dare to advocate. In a cut intro-
duced to illustrate good plumbing, many undesirable things
are shown; some merely slight errors in drawing, as where
a trap is shown without any seal, and other errors in prin-
ciple, as where fixtures discharge into vent pipes, where
branch pipes enter the soil pipe with T instead of Y joints,
and where very small vent pipes are carried up great lengths

Fig. 36. D Trap set on its side. Fig. 37. Vented S Trap.

above the highest fixture and through the roof, instead of
joining the soil pipe just above the highest fixture whereby
both unnecessary expense and complication, as well as
danger from closure by frost and snow would have been
partially avoided.

Another drawing shows a D trap, Fig. 36, placed in a
manner quite novel in plumbing practice. But the most
important inaccuracy is that, whereas in the D trap, accu-
mulations of grease and dirt are shown in ample quantity
in the unscoured parts, the vent opening of the S trap
adjoining the D is shown entirely free from deposit.

Now this vent opening, being entirely outside of the
waterway of the trap, must receive even less scour than the
comparatively innocent corner of the D trap. By what

miraculous intervention of Providence then, has this vent
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mouth cavity escaped contamination when the D trap cor-
ner has been packed solid full? What friendly influence,
too, has protected the cavity at the right side of the D and
neglected the left side? As a matter of fact the mouth
of the vent pipe will clog even easier than the unscoured
portions of the D or pot trap because as long’ as warm,
fatty vapors rise in the vent pipe, they will deposit and
congeal more or less grease along its cool sides at varying
distances above the mouth, thus adding to the desposits
caused by splashing and liquid contact. In short the mouth
of the vent pipe forms an unscoured “pocket” quite as
dangerous as any of those other pockets, now universally
condemned, which constitute the one great characteristic
defective feature of all “cesspool” traps.

If the D or any other form of cesspool
trap actually clogs at times as the doctor
j rightly says it does, and the passageway
through it gradually approximates the form
of the S trap, as shown in Fig. 37, then
evidently the vent pipe mouth at the top of
the cesspool trap will be shut off by this
same deposit, and whether the S trap be
Fig. 38. Ventea COnstructed of grease or of lead its vent
Ooveniea s % ap. mouth will be similarly (losed,

I think anyone making a full and careful study of the
records now obtainable of the effects of breathing sewer-
air must come to a conclusion somewhat as follows: The
danger from inhaling sewer-gas is in proportion to its con-
centration and poisonous composition. Where cesspools
or very foul and ill-ventilated sewers are used, as is fre-
quently the case in unprogressive, badly administered and
ignorant communities, and very frequently in small towns
and villages, the dangers may be very serious and con-

80

v



SEWER AIR.

stant, while where a well-ventilated and well-constructed
sewerage system has been provided, as in the best admin-
istered large cities, the danger is comparatively small.

Nevertheless decomposing organic matter accumulates
more or less along the soil and drain pipes of houses as
they are usually constructed, even in the best sewered cities,
and the products of such decomposition, if continuously
breathed, in somewhat concentrated form, tend to produce
a general impairment of the health predisposing the system
to typhoid fever, and probably also to other infection, and
lowering the vital forces of resistance to any form of
specific disease.

As a preliminary to a better understanding of the sub-
ject it should be borne in mind that normal atmospheric
air contains on an average, in 10,000 volumes, only about
three volumes of carbonic acid, the oxygen and nitrogen
standing in the relation of 2,090 to 7,910. If the carbonic
acid increases to the amount of 50 to 100 volumes in the
10,000, it becomes fatal to human life, and with sulphuretted
hydrogen 10 to 12 volumes in 10,000 becomes fatal. Yet
these amounts are constantly exceeded in unventilated cess-
pools and foul sewers.

A choked sewer of Paris was found by Clanbry to con-
tain 201 volumes of carbonic acid, and 299 volumes sul-
phuretted hydrogen in 10,000 volumes of air.

In another case he found 340 volumes of carbonic acid
and 125 of sulphuretted hydrogen in a Paris sewer, and an
average of 230 of carbonic acid and 81 of sulphuretted
hydrogen in 19 cases.

Letheby found 53.2 volumes of carbonic acid in a Lon-
don sewer; Miller an average of 10.6 in 18 cases and of
30.7 in 6 cases in London; Beetz an average of 31.4 in 8
Munich sewers; Laws an average of 69.2 in three London
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sewers, and 93.1 in another London sewer, even as late as
1892.

Cesspools are likely to be as bad or worse.

It goes without saying that the analysis of the air of
most sewers of more recent date does not show such alarm-
ing amounts of poisonous gases and they should not show
any dangerous amount at all, but instances of the kind do
still occur, and, in the case of cesspools, dangerous foulness
is very common.

Alessi says: “It is known that 18 cubic metres (yards
approximately) of excremental matter can give out in 24 -
hours about 18 cubic metres of gas, of which 10 cubic
metres are of fatty acids and hydro-carbons; from 5 to 6
cubic metres are carbonic acid; from 2 to 3 are of am-
monia; 20 litres (quarts) of sulphuretted hydrogen. These
gases, considered separately, constitute for man and ani-
mals the most poisonous substances, and their combination
produces very rapid deleterious effects.”

There is no excuse today, however, in the light of our
knowledge of sewer and plumbing ventilation, for allowing
these gases to accumulate in our sewers and drains in such
concentration as to be injurious. Nevertheless foul cess-
pools and sewers still exist in the less enlightened parts of
the country, and a few words are needed relative to the
danger of breathing the products of decomposition in con-
centrated form.

Dr. Hankel,* in recording cases of injury from breathing
cesspool air, has classified the effects into, (1), the mild
form; (2), the fairly severe form; (3), the severe form,
and (4), the chronic form. The first, he says, is well
known among sewer men, the symptoms being the feeling
of a heavy load upon the head and chest, and in worse

*Ern<t Hankel, “Ein Todesfall durch Einathmen von Cloaken-
gas,” 1895.
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cases, vomiting, severe pains in the abdomen, diarrohea,
giddiness and weakness, with disturbance in the action of
the heart and lungs.

In the second form the skin becomes cold and covered
with cold perspiration. Severe pains are felt in the stom-
ach, throat and muscles. “Delirium, convulsive twitchings
of the muscles, fainting fits, singing and talking, have fre-
quently been observed at this stage.” Then follow uncon-
sciousness, convulsions, and other serious symptoms.

In the third, or severe form, death occurs. The work-
man, on entering the very foul cesspool *“collapses all at
once as if he had been struck by a bullet,” the entrance
being accompanied sometimes by severe convulsive fits,
vomiting, foaming at the mouth, etc.

The chronic form has been observed in laborers in mines
and chemical works, and is not applicable to plumbing.

Many cases have been reported, on good authority, of
deaths through cesspool air poisoning of the severe form
from very foul cesspools. They have occurred in places
where the products of , decomposition and putrefaction
were in a highly concentrated state, and under circum-
stances admitting of no doubt whatever as to their cause.
They illustrate what may be termed the “direct” or
“mephitic” (probably chemical) action of sewer gas, as
distinguished from the “indirect” or “predisposing” action.

In addition to these practically demonstrated cases, we
have the records of a different class of accidents resulting
in death, which must be accepted as caused directly or in-
directly by cesspool air, not with the positive proof of the
first, but with sufficient evidence to leave no doubt in the
minds of the physicians reporting them, or of the courts in
several cases where they formed the subject of lawsuits.
They are, in a certain sense, more interesting than the
others, because they occurred under conditions more com-
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mon, that is, under conditions in which the public as a
whole are involved and not merely the comparatively small
number who are obliged to work in the sewers.

The accumulation from year to year of similar records
brings the evidence closer and closer to the value of pos-
itive demonstration, and at any rate it will be wise for the
public to accept them as such inasmuch as they constitute
the best proof to be obtained until individuals are found
public spirited enough to voluntarily surrender themselves
in the interest of science to such experimentation as has
been made by Dr. Alessi* on animals.

We come now to the other forms of sewer-gas poisoning
designated by Hankel as the “mild” and the “fairly severe”
forms. But before presenting a few of the recorded cases,
it is important as a preparation for properly understand-
ing them to review the recent researches of Dr. Alessi on
the effect of sewer-gas in predisposing the system to spe-
cial disease infection. His experiments were made upon
animals of different kinds, and resulted in showing that
after exposure to the influence of putrid gases, including
sewer-gas, inoculation with the germs of certain diseases
killed them, but that these germs failed to kill when the
animals had been kept under normal condition.

He took rats, guinea pigs and rabbits, and exposed some
of them to sewer and other putrid gases. The rest he kept
as a control experiment, under normal conditions, and after
a while inoculated all of them with the baccillus of typhoid
fever and the bacterium coli communis, and then he care-
fully observed and recorded the results produced on both
sets of animals, including microscopic examinations with
cultures of their organs and blood.

In a second set of experiments he studied “whether the

*G. Aless! “On Putrid Gases as Predisposlng Causes_of Typhold
Fever,” Journal of the Sanitary Institute,” 1895. Vol. XVI, p. 487.
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chemical substances which are commonly given out in a
state of gas from putrid fermentations can also exercise
separately a similar influence on the animal organism.”

The experiments were conducted with so much care,
thoroughness and precaution that they cannot fail to con-
vince the reader of the correctness of his conclusions, which
Dr. Alessi states as follows:

“From my researches, taken together, I think I am au
thorized to conclude as follpws:

“1. The inspiration of putrid gases predisposes the ani-
mals (rabbits, guinea pigs, rats) to the pathogenic action
of even attenuated typhoid bacilli, and of bacterium coli.

“2. This predisposition is due to the combination of
gases given out by putrid fermentations, and not to any ong
separately.

“3. It is probable that this experimental predisposition
is diminished by prolonged breathing of the said gases.

“These conclusions, then, serve to confirm what some
authors had epidemiologically foreseen, and social hygiene
had practically and painfully confirmed.”

The gases which, taken separately, were found not to
predispose the animals to typhoid infection, were retilindol
a very strong smelling product of putrefaction of al-
buminous substances, ammonia, sulphuretted hydrogen,
methyl sulphide, carbonic acid, carbonic oxide, and am-
monium sulphide. “Not only,” says Dr. Alessi, “did the
gases taken separately, have no predisposing effect, but
even some of them when mixed, for which reason I may
be allowed to suppose that both the exhalations arising
from faecal and the exhalations arising from organic mat-
ter in putrefaction, are not composed of simple mixtures,
but are much more complicated than might be believed.

And the predisposing cause might also have its seat in
those fetid substances of neutral character, which it is im-
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possible either to understand or determine, whether from
their small quantity, the insufficiency of analytical methods,
or from the imperfection of those which we have.”

Dr. Alessi experimented on 312 animals, of which 179
were exposed to the sewer-gas and 133 were kept in fresh
air. Of the exposed animals 143 died when inoculated with
the bacteria; whereas of the animals not exposed only three
died, all of which were rats.

He found that the animals -acquired the predisposition
to infection more easily during the first two weeks than
after that time, which may explain in a certain degree wly
individuals who habitually breathe sewer-air become
habituated to it and acquire a certain immunity from in-
testinal and other infections.

Sanitary engineers have frequently raised the question
for discussion whether it will be best to seek security by
perfecting our sewerage system to the extent of rendering
the air within it as innocuous as the outer air, or whether
we must, as it were, “bottle up” the sewers under the
assumption that sewer-air must always be dangerous under
any degree of dilution with pure air, or exposure to sun
light, and direct our energies to confining sewer-gases to
the sewers themselves, a course which must necessarily
tend to vastly increase the expense and danger of house
plumbing.

It seems to me that difference of opinion on this sub-
ject is unjustifiable in view of the data which scientists
have now prepared for us.

All sewers should be thoroughly ventilated and their air
rendered entirely innocuous. House drains should aid in
ventilating the sewers, the disconnecting or main house trap
and all “back venting” should be rigidly prohibited by
law, and the whole interior piping system be vastly sim-
plified.
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I base my position, in part, on the recent researches and
discoveries of a great many distinguished modern in-
vestigators who are in accord in concluding that the num-
ber of germs in sewer-air. is small and less than in outside
air; that the bacteria found in sewer-air are not the same in
kind as those found-in the sewage itself, but are the same
as those found in the air outside the sewers; that dis-
ease germs are and demonstfably must be rarely found
in sewer-air ,and.caff live but a very short time in sewage -
itself; that disease germs cannot detach themselves from
the surface of water at rest, nor from the damp surfaces
of sewers; that bacteria in sewer-air, whether reaching the

sewers from the external air or from the bursting of

bubbles or drying of the sewage, tend to fall by gravity into
the water of sewers or to*be driven by air currents against
moist surfaces in the sewers and drain-pip®s, from which
they cannot again arise spontaneously; that sewers can be and
frequently are so well constructed and ventilated that the
air within them becomes entirely innocuous; and in part
from my own investigations and conclusions. By taking
advantage of modern discoveries and progress a simple sys-
tem of house drainage without the disconnecting trap and
back venting can be made perfectly safe whereas the com-
plicated system now generally in vogue cannot be so inade.

Thus we find that plumbing has become a science based
upon some of the most profound and delicate researches,
in both the visible and the invisible world and that the
arrangement of our piping is governed by the habits of
the minutest living beings known to the microscope.

The following conclusions referred to in our intro-
ductory chapter have been practically accepted by all in-
vestigators as demonstrated:

-

(1) Dust and germs cannot rise from wet surfaces or
from water or sewage under normal conditions. Abnormal
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~ conditions in sewers producing splashing and bubbling may
in practice allow a few germs to escape into the air, but
these conditions may be obviated by proper construction
and regulation.

(2) A sound water seal forms a reliable barrier against
sewer-air and germs.

(3) It is possible that germs may be lifted by air cur-
rents in sewers from dried surfaces, but so strong a cur-
rent appears to be required for this that in practice the
number may be considered as negligible from the point of
view of the sanitarian.

(4) Disease germs do not live long in sewage in com-"
petition with other germs.

(5) Fewer germs of any kind are found in the air of
sewers than in the outer air above them.

(6) Disease germs may abound in the outer air, but in"
sewer-air their number is so small as to be negligible from
a sanitary standpoint.

From my own investigations and the above conceded
facts I feel justified in drawing the following deductions:

(1) The back venting of traps destroys their seal by
evaporation and renders them useless as barriers against
sewer-air.

(2) Splashing and bubbling in sewers may be prevented
by proper construction and regulation.

(3) The use of disconnecting traps shuts off the only
effective method of sewer ventilation and forces foul
sewer-air into the streets.

(4) The bestway to filter the air of ¢ities and towns of
dust and germs is to ventilate the sewers through the house
drains in which these impurities are caught and destroyed.

(5) Permanently reliable pipe jointing is obtainable.
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(6) Hence all danger from sewer-air may now be
avoided by such ventilation and the use of reliable traps
and piping. .

It remains now to review, in brief detail, the investiga-
tions of some of the highest authorities leading up to these
conclusions, and my own experiments and reasoning from

which they are deduced.
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CHAPTER V.

INVESTIGATIONS OF MODERN SCIENTISTS ON
THE QUESTION OF THE PAssaGE oF Gases aNp GERMS
THROUGH WATER TRAPS.

Dr. Carmichael’s experiments were made
to ascertain to what extent the contents of
the soil pipe, both gases and germs, are able
to pass through a sound water trap.

Dr. Andrew Fergus had shown that con-
centrated gases would pass through a water
4 trap, and had had glass tubes bent in the

Fig. 39. Appa- form of a trap to show this. Ammonia
T o aeiner Was detected on the other side of the trap
et htocan in 15 minutes, sulphuretted hydrogen in
water In trabs:  from 3 to 4 hours, and carbonic acid in 1%5

hours. DBut the gases were presented to the under surface of
the water in a very concentrated condition, probably not
under 50 per cent. Dr. Carmichael wished to sce what the
result would be with ordinary sewer gas from a very foul
soil pipe, both with gases and with germs, and he there-
fore experimented on the trap of a pan closet, the kind
generally used in Glasgow at the time. The conditions were
as shown in Fig. 40. Two other pan closets entered the soil
pipe, which was ventilated above the upper closet by a 2-in.
pipe up to and through the roof. The lower end of the
soil pipe passed untrapped and unventilated into the drain.
The mouth of the sewer was submerged at high tide so
that sewer gases tended to be pressed back toward the
houses, so that as trying conditions as possible were pre-
sented,
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Dr. Carmichael took off the basin and pan from the water-
closet and screwed a zinc plate air-tight over the receiver,
as shown. Through this plate passed two lead pipes with
stopcocks extending about eight inches above the plate.

Fig. J0. Ai)paratuw for determining if gases ard germs from a
foul soil pipe can pass through trap seals.

The sewer air from the receiver was drawn by an aspirator
through six glass vessels of water arranged in a row, as
shown. The air was introduced into the receiver from the
room after having been washed by passing through the
liquid in the single glass vessel at the left. The water in all
the vessels was charged with a strong solution of caustic
potash which is capable of absorbing carbonic acid, the first
substance to be sought for in the sewer air. The aspiration
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was continued for twenty-four hours in each of a large num-
ber of tests made for the gas. The average amount of car-
bonic acid which passed through the trap seal in twenty-
four hours was a little over 7 grains.

For the ammonia testings sulphuric acid was used in the
water of the seven vessels instead of potash. The amount
of this gas which passed through the trap in 24 hours was
1-400th to 1-2ooth of a grain. The amount of sulphuretted
hydrogen in the same time was about 1-100th of a grain.

“These are the quantities,” says Dr. Carmichael, “of the
only sewage gases existing in the soil pipe, in estimable
quantities, which pass through an ordinary water closet trap
in 24 hours.”

The doctor made another series of tests with a new lead
W. C. trap, as shown in Fig. 41, so as to make certain that
the gases found were in no way peculiar to the filth in the
old trap. Almost identically the same results were obtained,
but the amounts of ammonia and sulphuretted hydrogen
were very slightly less, which might show that the filth in
the receiver and old trap may have been responsible for a
small percentage of the gas produced.

He also made the experiments again with the soil pipe
2-inch vent closed at the top. This increased the amount
of gases passed through the water seal to 32 and 17 grains
in the case of the carbonic acid. The sulphuretted hydro-
gen was increased from 1-100th to 1-goth of a grain in the
24 hours. Diffused through the atmosphere of a house
these quantities are from a health point of view absolutely
harmless. “Thirty-two grains (the largest quantity) of car-
bonic acid is less than the quantity of the same gas given off
when a bottle of lemonade is drawn.” A man exhales in
the same time about 400 times the amount which passed
through the trap from an unventilated and very foul soil
pipe. The 1-100th of a grain of ammonia and the 1-60th of
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a grain of sulphuretted hydrogen would, of course, be ut-
terly unnoticeable. As for the foetid organic vapors, mere
traces of these exist in the sewer-air, and if they do pass
through the trap they would be in quantities too minute for
detection. “We are able, however, to state in more exact
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Fig. 41. Apparatus for determining if gases and germs from a
clean soil pipe can pass through water in trap.

terms something as to the quantity in which they may come
through. These vapors are organic; as already stated, they
are carbo-ammoniacal, they are therefore decomposed by
Wanklyn’s process for the estimation of nitrogenous matter,
as ammonia, and are, therefore (if they do pass through the
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trap), included in the ammonia; and consequently less
(probably very much less) than the 1-100th of a grain in
24 hours. This, I need scarcely say, must be harmless.”

CAN BACTERIA PASS THROUGH A TRAP.

We now come to the much more important question as
to whether organic particles, bacteria, can pass through
the trap. A simple but crude method of examining the
question consists of a microscopical comparison of water
through which soil pipe air has been drawn, with water
through which air over the trap has been drawn. No par-
ticles were found, by this method, to have passed through
the trap. The organic particles are rendered so heavy by
soaking with water that they are neither raised with the
aqueous vapor nor by wind blowing over the surface, as
.has been proved by Dr. Frankland and many others. But
“marshes and swamps, in a dry season, when the water is
low and the particles are drying on the muddy sides, and on
the vegetation on the banks, are frequently very pestilen-
tial.” Mr. Baldwin Latharh says: “One thing is certain,
with reference to malaria, that all authorities are agreed,
that it is never extricated from a water surface.” Dr. Car-
michael set to work to prove these matters conclusively. He
used a “culture” liquid capable ot cultivating any germs
added to it, and after sterilizing it in a temperature over
212° F. he introduced into it the air taken from the trap to
be tested. If after keeping the liquid at cultivation temper-
ature, say from 60 to 120 deg. Fahr., for several weeks, it
remains clear, then, no germs could have been in the air, and
the water seal must have prevented their passage. If, on
the other hand, the air had germs in it, they would multiply
enormously in the infusion, rendering it opaque and per-
haps producing growths of fungi.

The apparatus used is shown in Fig. 42." A glass flask
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containing the culture solution, a hay infusion, was con-
nected on the one side with a U-shaped glass trap contain-
ing water, and on the other with an aspirator as shown.
The hay infusion and the water in the U-shaped trap were
both sterilized by boiling. The U-shaped trap was con-
nected on its other side with the soil pipe side of the water-

Fig. 4:. Apparatus for determining whether bacteria can pass
through water {n a trap.

closet trap. It will be seen from this arrangement that any
germs coming from the soil pipe which passed through the
water trap would be carried in the air current over to the
infusion and would cause it to putrefy. But no such parti-
cles passed through the trap seal, for the hay infusion re-
mained perfectly clear though the experiments were con-
tinued for five months. The tests were made both with and
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without the aspirator, and various kinds of culture liquids
were used. Tests were also made with the U-shaped trap
omitted, and in these cases the infusions began to putrefy
in a few days, showing that the water trap really prevented
the germs from passing.

These experiments seemed conclusive ; but lest it might be
objected that germs might rise from the liquid of the trap
and fail to be carried over, or that an ordinary water-closet

-
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Fig. 43. Apparatun for determining more critically whether bacteria
an pass through water in traps.

trap might behave differently from the glass one employed,
Dr. Carmichael made a still more crucial series of tests as
follows: Nitrogen bulbs, Figs. 39 and 43, were charged
with a strong cultivating liquid called Pasteur’s solution,
and sterilized. The lead W. C. trap, connected with the
soil pipe, was also sterilized by heating it to 350 to 400
degrees Fahr., and the bulbs were connected with the house
side of the trap with an air-tight connection already de-
scribed in connection with the first experiments. The other
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end of the bulb vessel was connected with the aspirator.
In order to let air into the trap chamber above the water
seal a filtering tube was used so that no germs could come
to the bulbs unless they passed over the W. C. trap seal.
The whole apparatus was most carefully and thoroughly
sterilized. The filtered air was drawn by the aspirator into
the chamber over the trap seal and then bubbled continu-
ously through the liquid in the bulbs for from 24 to 36
hours, and the bulbs were then allowed to stand in a warm
room at 75 to 100 degrees Fahr. for several months, and
the experiments were repeated in the most rigorous and
careful manner. The liquids in all the tubes and flasks,
though kept for from two to five months at cultivation tem-
perature, remained perfectly clear, and even when examined
with a most powerful microscope used for germ studies and
multiplying goo diameters, exhibited no trace of life. Dr.
Carmichael concludes as follows:

“Water traps are, therefore, for the purpose for which
they are employed, that is, for the exclusion from houses
of injurious substances contained in the soil pipe, perfectly
trustworthy. They exclude the soil pipe atmosphere to such
an extent, that what escapes through the water is so little
in amount, and so purified by filtration, as to be perfectly
harmless; and they exclude entirely all germs and particles,
including, without doubt, the specific germs or contagia of
disease, which, we have afready seen, are, so far as known,
distinctly particulate.”

Dr. Carmichael, in describing the pan closet used in his
experiments, Fig. 43, says: “If you examine such a trunk
(receiver) as is found in almost every house in Glasgow,
you will find it coated over, to the thickness, frequently, of
an inch or more with filth.” He then recommended the
short hopper he showed in the picture above the pan closet.

The two glass vessels shown in the initial cut to

o7



PLuMBING AND HOUSEHOLD SANITATION.

this chapter, illustrate another experiment made by Dr.
Carmichael, to see if germs would rise from the surface
of water at rest. He placed cultivating liquid in each of the
tubes and connected them together at the top by a rubber

Fig. 44. Apparatus for deu rmining whether ba.cterla ca,n escape
from a liquid at rest.

tube. Into each tube had been placed a small capillary

tube filled with a putrid liquid and hermetically sealed at

both ends. The cultivating liquid was sterilized in both

large tubes. Then one of the small capillary tubes was
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broken by shaking and its putrid contents thus mixed with
the infusion in its enclosing vessel. The germs did not pass
over into the other vessel, even though the test was con-
tinued for five years uninterruptedly.

i
-

i

i
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Fig. 45. Apparatus for determining if a current of air can take up
germs from a liquid at rest.

STUDIES OF PUMPELLY AND SMYTH.

The experiments of Professors Pumpelly and Smyth for
the National Board of Health at Washington are extremely
interesting and fully corroborate those of Carmichael.
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In their first series made to determine whether bacteria
or other particulate matter can disentangle themselves from
a liquid, water, sewage and putrefied substances were sus-
pended, as shown in Fig. 44, in a bent tube over a sterilized
beef infusion in a room where the temperature ranged be-
tween 20 and 35 degrees Centr. The flask containing the
infusion was closed air tight by a rubber stopper, through
which the tube passed, which held the sewage in a small
bowl or trap-at its lower end. The stoppers contained also
a small asbestos filled filter tube. In this form of the experi-
ments the air around the sewage was in a state of rest.

CAN BACTERIA DISENTANGLE THEMSELVES FROM LIQUIDS,

In another form the apparatus shown in Fig. 45 was used
to investigate whether a current of air could take up germs
from a liquid at rest. The sewage was placed in a U-shaped
tube which formed the trap, and was connected with a flask
containing the culture liquid by means of narrow tubing, as
shown. This tube passed through rubber stoppers which
close the tops of the flask and one arm of the trap. An
aspirator tube packed with an asbestos filter was connected
with the flask through its rubber stopper, and air was drawn
at any desired rapidity through the apparatus, being filtered
before entering the trap by an asbestos filter in a small glass
tube connecting with the trap through its rubber stopper.

Finally a third form of apparatus, shown in Fig. 46, was
used to see if a liquid can part with germs when bubbling,
in consequence of the evolution of gases produced by its
own fermentation, or of the aspiration of air through its
mass. The sewage in this case was held in a small test tube,
the filtering tube supplying air descended nearly to the bot-
tom of the sewage so that, as it was drawn through it by the
aspirator, it created a bubbling or boiling of the liquid. The
aspiration was produced by connecting the aspirator tube
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with a large flask of water and then drawing off the water
through a stop cock connected with the bottom of the flask
at any desired speed. The results of these experiments were
given in the report as follows:

Fig. 46. Apparatus for determining if a liquid can part with
germs when bubbling.

“At normal summer temperatures no germs were given
off from the decomposing liquids whenever their surfaces
remained unbroken, even though in some of the experi-
ments the air was continuously conducted over them in a
slow current. When the surfaces of the liquids were broken,
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however, by the bursting of bubbles, germs were invariably
given off and the sterilized infusions infected, no matter how
slowly the aspiration was conducted.”

In order to be sure that germs were not conveyed along
the inner surface of the bent connecting tube between the
trap and the flask containing the infusions, by capillary
action, the bend in this tube was kept perfectly free from
moisture during the entire time of the experimentation by
means of a gentle heat,

“As the tubes,” says the report, “were constantly covered
with films of moisture from condensed vapors there was no
possibility of the bacterial growths drying around the sur-
face edges of the infusions in the inner arms; nor, were that
to happen, would it seem probable, judging from Wernich’s
experiments, that germs could become detached and taken
up by the air in the flasks.”

The experiments of Naegeli, Wernich, Miquel and others
clearly show, also, that under normal conditions germs are
not given off to the surrounding air through the evapora-

tion of a liquid containing them, nor from thoroughly
moistened sand or solid matter of any kind.

FURTHER STUDIES OF PUMPELLY AND SMYTH.

The studies of Pumpelly and Smyth on soils as filters of
different compositions and structures are very important and
were made to ascertain:

1. Their action as filters for air or gases, generally.

2. Their action as filters for water and other liquids.

When we consider that every foul and defective cesspool
is a center of pollution to the ground water which supplies
our wells, and to a certain extent also the reservoirs for
cities, we can understand the importance of determining to

what extent average soils can filter them. Our houses
become the ventilating chimneys for the surrounding ground,
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sucking in the air from its pores, and when this air is pol-
luted by sewage it is important to know if these impurities
can be removed from it by filtration. The experiments
showed that the filters, especially where wet, were able, as
might be expected from what we have learned about bac-
teria adhering to damp surfaces, to entangle and retain the
germs which had been floating in the air, whereas when the
germs were in water none of the filters tried could, for the
same reason, extricate them from it. The germs could not
escape from the water, but had to follow it between the
grains of the filters.

Our next two pictures show the apparatus used for mak-
ing these investigations (Figs. 47 and 48). Fig. 47 shows a
simple test tube slightly contracted at the center, having
an infusion of beef or some other easily putrescible sub-
stance at the bottom. A small piece of copper gauze rested
on the shoulder formed by the contraction in’ the tube above
the infusion, and upon this copper gauze as a support rested
the substance to be tested in each case as a filter. The height
of the filter column varied from about a sixteenth of an inch
to about six inches. Nearly ninety filters were tried of as-
bestos, sand, loess, charcoal, animal charcoal and coal ashes.
This apparatus and the others to be described showed that
dry soils, even in comparatively coarse grains form good fil-
ters for germ-laden air, and the wet filters are still more
efficacious than dry; and that putrid soils not only retain
the germs which they already possess, but also extract others
from air passing through them. The infusions under the
filters remained sound for months, though separated from
the bacteria floating in the surrounding air only by a very
small layer of the filter.

In the second series of experiments the apparatus shown
(Fig. 48) was used to show the effect of the filters upon a
current of -air passing through them. A flask provided with
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an air-tight rubber stopper was used. The filter was placed
in a tube passing through the stopper and rested on a copper
gauze within the tube. The aspirator tube also passed
through the stopper and its lower end was protected by a
filter in order to prevent microbes from entering the flask

through it while it was disconnected with the aspirating
mechanism which we have already described. The beef in-
fusion was put in the bottom of the flask. The filters were
subjected in this, and in another apparatus shown in the test
tube Fig. 48a, at intervals during five months to rapid cur-
rents of air beginning at the rate of 1 quart in from 4 to 7%
hours and increasing to 1 quart in 1%5 minutes. The two filter
columns in the bent tube apparatus were about 4 inches (10

centimeters) high each, and consisted of sand screened
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through 30 to 50 meshes per inch; in others fine sand, 100
grains to an inch, was used, and in still others asbestos

Fig. 48a. Apparatus for testing air filters.

packed rather tightly. All the filters stood these extremely
trying tests, the infusions remaining intact.
The experiments show that as long as the grains are
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small, all the substances tested, filter perfectly all orgahisms
from the air passing through them.

Very different were the results of the attempts to filter
germs from liquids.

In these experiments there were tried in the first apparatus
consisting of the simple test tube, three sets of filtrations,
the liquids being respectively (a) fresh infusions, (b) putrid
infusions, and (c) water.

In the first set the filters employed were sand, charcoal.
and animal charcoal, the finest of each being 100 grains to
the inch, and asbestos in columns of about 614 inches high.
All failed to filter out the germs except two filters out of
twelve of asbestos, and of the finest animal charcoal ; the re-
maining asbestos and the coarser animal charcoal 15 to an
inch and the vegetable charcoal in all grades failing equally
with the sand.

Similar filters were used in the second set of experiments
(with putrid infusions). In this set only tightly packed
asbestos stood the test; in all others the infusions passed
through turbid.

In the third set (filtration of water) the substances tested
were in columns 6% inches high, of tightly packed asbestos,
charcoal, some 25, others 50, and others 100 grains to the
inch; animal charcoal, some 15 and others 100 grains to an
inch; loess, kaolin, coal ashes, sand of 25, 30, 50 and 100
grains to the inch, respectively.

The experiments were conducted so that only a drop or
two of water should reach the infusion at first; more water
being passed after intervals of several days, where the in-
fusion remained uninfected.

Of these the tightly packed asbestos stood repeated filtra-
tions for ten days, after which the infusion putrefied. Of
the finest animal charcoal filters, one out of four filtered out
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the germs. The other three stood repeated filterings during
17 to 20 days, after which the infusion became infected.

The coal ashes were subjected to repeated filtrations dur-
ing 10 to 19 days, after which the infusions broke down.
With the loess the infusions were affected after six to eight
days.

With kaolin and sand they broke down in from one to
eight days, except two, which lasted 19 and 20 days respec-
tively. In all the others the first drop that passed through
infected the infusion.

The experimentors now made a bold jump from columns
of a half a foot to columns 22 and 100 feet in height, and
in them the filter used was sand mixed 18 and 100 grains to
the inch. The apparatus used is shown in the coiled pipes in
Fig. 49. To obtain sterilized columns of such a length the
sand was intensely heated and poured into a lead pipe,
which was then coiled. It was then placed. in a furnace and
heated to between 250 and 300 degrees Centr., and then
the lower end attached to the flask containing the infusion,
as shown on the floor by the table. The flask was venti-
lated through a tube protected by sterilized asbestos, as
shown.

The whole was then allowed to rest several weeks to be
sure that the infusion had been properly sterilized. The
pipe was then very slowly filled with water from the faucet.
The first water that passed through each of the 22 and 100
foot columns carried infection with it.

The following conclusions were drawn from these experi-
ments:

“I. All the substances operated on are excellent filters
in eliminating germs from infected air passed through them,
except when they are of a coarse grain—10 to 20 grains to
an inch—when the interstitial cavities become probably much
less labyrinthine. And all these filters withstood the tests
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of currents having many thousand times the maximum veloc-
ity attained in the soil.

“II. All natural substances tried thus far, except the finest
animal charcoal, and perhaps tightly packed asbestos, failed
to eliminate wholly the germs from liquids.”

Of the natural soils tried we find sands entirely without
power to filter germs from water, and probably in columns
10,000 feet long as well as 100 feet. The loess and kaolin
have more power, and in greater heights of columns it is
possible they would be effective. The filtering capacity
seems to be proportional to the smallness and intricacy of
the interstitial cavities; and in dry air filters there is a crit-
ical limiting point beyond which there is no filtering.

With liquids, far greater fineness and compactness of
grain and intricacy of passage is needed than with air.
While sand of even 20 grains to the inch is an excellent air
filter, it is worthless for water, even as fine as 100 grains to
an inch and in very long columns, and the critical limiting
point below which soils begin to exercise any filtering action
on water probably verges on the size of the particles of
an impalpable powder.

“From these results it appears very clearly,” says the re-

port, “that sand* interposes absolutely no barrier between
wells and the bacterial infection from cesspools, cemeteries,

etc., lying even at greater distances, in the lower wet stratum
of sand. And it appears probable that a dry gravel or pos-
sibly a dry very coarse sand interposes no barrier to the

*Successful water filtration through ordinary sand requires a sur-
face coating of some much finer substance than the sand itself. This
coating, In slow sand filtration, is automatically deposited partly by bac-
terial action, and in rapld mechanical flitration it Is chemically precipi-
tated. In both systems the amount of the coating must be perlodlcnrly
regulated In order to maintain the proper speed of flitration. This regu-
lation of the amount of coating, which i8 sometimes called the ‘‘dirt
covering’’ or ‘‘schmutzdecke,” forms the most costly part of the opera-
tion of a fliter. A number of plans for reducing this expense are now
being developed, of which one by the writer is outlined in a later
chapter on “Filtration.”
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free entrance into houses built upon them of these organ-
isms which smarm in the ground-air around leaching cess-
pools, leaky drains, etc., or in the filthy made-ground of
cities.

g. 49. Long coil of pipe fllled
with sand.

“And from the results obtained from the two series of
experiments, viz,, in filtering air and in filtering water, we
can now draw one very important practical conclusion which
cannot be too strongly emphasized. That a house may be
built on a thoroughly dry body of sand or gravel, and its
cellar may be far above the level of the ground-water at all
times, and it may yet be in danger of having the air of its
rooms contaminated by germs from leaching cesspools and
vaults ; for, if the drift of the leaching be toward the cellar,
very wet seasons may extend the polluted moisture to the
cellar walls, whence, after evaporation, the germs will pass
into the atmospheric circulation of the house.”

109



CHAPTER VL

Mi1CRO-ORGANISMS IN SEWER AIR.

The methods for the
study of micro-organic
life in air are of compar-
atively recent date and
are daily being improved.
According to Roechling
about six sets of investi-
gations into the bacte-
rial flora of sewer air
have within recent years
been made, and from
them in complete cor-
roboration of other re-
searches made before by
less perfect methods and
apparatus.

They show that sewer
air contains few germs as compared with outer air, sewer
air containing on the average from 2 to 9 germs where
outer air contained 15 per quart. These germs are related to
the germs of the outer air, but not to the sewage itself,
which contain an enormous number of germs, a quart con-
taining sometimes as many as § billion. Disease germs are
not found in sewers with the single exception of the germ of
suppuration (staphylococus pyogenes aureus) and up to
the present time* only one of the many observers (Uffel-
mann) has been able to discover even this pathogenic germ

*This was written before the experiments of Major Horrocks
had been made.
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in sewer air. Splashing of sewage, as when a branch sewer
enters another or a main sewer with a high fall, may cause
a fine state of division of sewage in virtue of which germs
may be carried some distance through the air, “even 50 or
60 yards” according to Laws, from which our remedy lies
in so arranging the connections as to avoid splashing,

1f the sewage falls against the inner curved surface of
the drain it may be arranged to do this without splashing
even from a considerable height. The experiments of Laws
showed that a branch drain emptying its sewage into an
egg-shaped sewer 11 ft. high by 9 ft. wide from about the
middle of its height produced practically no effect upon the
number of micro-organisms in the sewer air.

The experiments of Laws in London and Ficker in Bres-
lau seem to show that germs cannot be given off from the
slimy skin which forms on the inner surface of sewers on
account of the dampness of the air in them. Mr. Laws says
in regard to this: “It is really remarkable to find that no
organisms are given off from the walls of a sewer which has
been empty and open to the air at both ends for such a
lengthened period as 12 days. The sewage with which the
sewer had been kept full for several periods of 24 hours
would contain no less than three to four millions of organ-
isms per cubic centimeter (about 34 in. cube) and immense
numbers of these must of necessity have been clinging to the
walls of the sewer. . . . The velocity of the air current
used in the above experiments was 5 ft. and 15 ft. per sec-
ond, respectively, the latter being far in excess of any cur-
rent that would normally obtain in a sewer.”

Ficker found that a current of air of several yards a
second could not lift up germs from a half moist soil, nor
even germs which had dried on several substances and ad-
hered to them.

Hesse experimented to see how far germs could be car-
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ried in air currents in pipes and sewers before falling against
and adhering to their sides. In one experiment with a 2-in.
pipe a yard long, coated with nutritive gelatine, he found
that the air current deposited a large number of bacteria on
the first quarter, less on the second, still less on the third,
none at all on the last quarter. Ficker experimented in this
line with 4-inch pipes and found the germs were carried as
much as 23 feet.

Disease germs find the conditions in the sewers unfavor-
able to their life and propagation. They cannot survive
against the myriads of other germs that crowd the sewage
and in their slow death in fighting@gainst these they gradu-
ally lose their virulence or power for mischief long before
their actual death takes place.

Kirchner says: “We are entitled to say with a probability
bordering on certainty that presumably pathogenic germs
will never be found in sewer air.”

Messrs. Laws and Andrewes went so far as to classify
elaborately and comparatively the various kinds of gernus
found in the outer air, in sewer air and in the sewage itself,
and they found the same kinds in sewer air as in the outer
air, but a totally different kind in the sewage. They even
go so far as to say that so far as they are aware, not a
single colony of any of the many species which they found
predominate in sewage has been isolated from sewer air.

These investigators even assert that “moderate splashing
carried out so as to imitate the inflow of a lateral drain or
house sewer produces no variation in the sewer air even
within such a short radius as four feet from the disturb-
ance.” In view, however, of the absence, still, of accord on
this point among all investigators, it is well to avoid such
splashing as far as possible.

As for the typhoid fever germ, how very difficult it is to
catch it, even in sewage, is clear, says Mr. Roechling, from
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the report of Messrs. Laws and Andrewes. Although they
used the greatest care, they were nof able to find this germ
once, in ordinary London sewage. Even in the typhoid
fever hospital drain inside the hospital grounds, they were
able to find only two colonies, and in this drain a quarter of
a mile away not a single typhoid germ was found. They
probably were killed by other bacteria who were their ene-
mies and vastly exceeded them in numbers ; for many harm-
less germs thrive in sewage, as disease germs appear not to.

Accordingly from all these investigations we may con-
clude that the cases of typhoid fever and other diseases
to which we have alluded were not dué to disease germs
entering the houses in the air of the sewers, but to contami-
nation of the food or water supply by sewage polluted water,
or by insects, especially house flies, passing from infected
substances to the food or bodies of the inmates, the sewer
air simply predisposing the system to infection.

A few words now about different methods of sewage dis-
posal are necessary to enable us to treat intelligently the
house plumbing connecting with and dependent upon it.

Mr. Roechling** well defines “decomposition” as the
process of complete oxidation or mineralization, in which
the organic matter in the presence of an ample supply of
oxygen is converted into its new compounds of water, car-
bonic acid, nitrous and nitric acids without the creation of
foul smells; and “putrefaction” as the process of incom-
plete oxidation, in which, in the absence of oxidation, foul
smells are produced “which poison the atmosphere.”

Decomposition is conducted by the “aérobes,” bacteria
which can only exist in the presence of oxygen, but putre-
faction with its foul and injurious smells is accomplished by

segewer Gas and Its Influence Upon Health.” H. Alfred Roech-
ing. Bigss & Co.. London, 1899.
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hordes of ®naérobes who “finally perish in the ever increas-
ing carbonic acid or in other substances of their own mak-
ing.”

It is stated that the number of bacteria of decomposition
which are found in the average dejecta of an adult male
exceeds thirty thousand millions, and it is held that, where
disease germs exist among these, they succumb after a short
struggle for existence with the swarms of the aérobes.

A properly constructed system of sewers is one which
delivers all waste matters at the sewer outlet in a fresh con-
dition, that is in a condition in which they might flow
through a perfectly smooth and well washed street gutter
without attracting attention by their odor. The sewers must
be thus constructed and as free from odors as such a street
gutter. To accomplish this, all unscoured areas or chambers
in the drainage system and foul dead ends of every descrip-
tion in the house or out of it, must be avoided as centers of
putrefaction.

VIEWS OF OTHER AUTHORITIES.

Dr. A. Jacobi in a paper read before the Congress of
American Physicians and Surgeons at Washington as early
as 1894, sums up as follows:

“I may be finally permitted to add the oral testimony of
more than a dozen European medical men and dozens of
Americans. Every one was asked by me: What do you
know of the production of a specific germ disease out of,
or through, sewer air? The uniform answer was: There
is a general vague impression among the public, but I never
saw a case or could prove one. .

Some of the conclusions to be drawn from this paper
would be as follows:

The atmosphere contains some specific disease germs,
both living and dead.
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They are frequently found in places which were infected
with specific disease.

In sewer air fewer such germs have been found than in
the air of houses and school rooms.

Moist surfaces—that is, the contents of cesspools and
sewers, and the walls of sewers—while emitting odors do
not give off specific germs even in a moderate current of
wind. -

Splashing of the sewer contents may separate some germs,
and then the air of the sewer may become temporarily in-
fected, but the germ will sink to the ground again.

Choking of the sewer, introduction of hot factory refuse,
leaky house drains and absence of traps may be the causes
of sewer air ascending or forced back into the houses. Rut
the occurrence of this complication of circumstances is cer-
tain to be rare.

Whatever rises from the sewer under these circumstances
is offensive and irritating. A number of ailments, inclusive,
perhaps, of sore throats, may originate from these causes.
But no specific diseases will be generated by them except
in the rarest of conditions, for specific germs are destroyed
by the process of putrefaction in the sewers, and the worse
the odor the less the danger, particularly from diphtheria.

The causes of the latter disease are very numerous, and
the search for the origin of an individual case is often un-
successful.

Irritation of the throat and naso-pharynx is a frequent
source of local catarrh; this creates a resting place for
diphtheria germs, which are ubiquitous during an epidemic,
and thus an opportunity for diphtheria is furnished.

Of the specific germs, those of typhoid and dysentery
appear to be the least subject to destruction by cesspools
and sewers. These diseases appear to be sometimes refer-
able to direct exhalation from privies and cesspools. Very
few cases, if any, are attributable to sewer air.
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A single outlet from a sewer would be dangerous to gen-
eral health because of the density of odors (not germs) aris-
ing therefrom. Therefore a very thorough and multiple
ventilation is required.*

The impossibility or great improbability of specific dis-
eases rising from sewers into our houses, protected as they
are, or ought to be, by good drains and efficient traps, must,
however, not lull our citizens and authorities into indolence
and carelessness.

For the general health is suffering from chemical exhala-
tions, and the vitality of cell life and the powers of resist-
ance are undermined by them.”

Naegeli experimented by enclosing putrescent and putres-
cible liquids in sealed vessels together for over three years
without air infection taking place, and by drawing air
through sand wetted with putrescing liquid and then through
sterile infusion without infecting the latter.

Sir Edward Frankland of England found that “the mod-
erate agitation of a liquid does not cause the suspension of
liquid particles capable of transport by the circumambient
air,” but that “the breaking of minute gas bubbles on the
surface of a liquid consequent upon the generation of gas
within the body of the liquid is a potent cause” of such
suspension, and that therefore the stagnation of sewage or
constructive defects in sewers may form cesspools of putre-
faction in the sewers and generate gases which may form
these bubbles. Such defects in sewer construction are totally
unnecessary, and cesspool accumulations should, as I have
said, never be allowed.

In 1883 P. Miquel* published the results of his experi-
ments on the comparison between sewer and street air in

*“The Sidewalk Ventilators in New York City are almost all
obstructed.”

*“Les Organismes Vivants de 1'Atmosphere,” Paris.
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Paris, and from 1893 to 1899 he made periodical tests which
were given in the following table:
BACTERIA IN COUNTRY AIR, CITY AIR, AND SEWER AIR,
PER CUBIC METER.
Country Air. City Street.

Year. Montsouris. Hatel de Ville. Sewer Air.
1803....... e 285 8,435 5,015
184. ..ot 230 9,775 2,020
1895............. 330 7,615 2,590
1896......... ... e 6,205 3,965
1897. ... e 197 5,410 3,875
188...... ... cee 5,200 2,075
1899. ... ivtt cee 6,595 2,910

Uffelmann experimented with a house drain in 1386-7,
taking nine samples at intervals during a year. He found
an average of 3 bacteria per liter of sewer air. Petri found
1 bacterium and 3 molds in 100 liters of air in a Berlin sewer
on one occasion and no bacteria and 1 mold on another.

Carnelley and Haldane* made important studies on sewer
air in England in 1887. They found less bacteria in the
sewers than in the streets in almost all cases, averaging 9
per liter in the former and 16 in the latter. They conclud-
ed that “The micro-organisms in sewer air come entirely,
or nearly so, from the outside, and are not derived, or only
in relatively small numbers, from the sewer itself.” They
found a considerable increase, however, under violent splash-
ing. They found less bacteria in the air in contact with
quietly flowing sewage rather than more, on account of the
wet surface.

Robertson** found less bacteria in the air of the sewers

*T Carnelley and J. S. Haldane. ‘“The Air of Sewers,” proceed-
InEs, Of NG, iy “of Micrs-Organtame. in Airs Bspecially \ Thane ih
Sewer Afr, and a New Method of Demonstrating Them.” British
Med. Journal, Dec. 15, 1888.
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of Penrith than in the street air, averaging 4 to 6 respec-
tively. More bacilli were found in the former and more
cocci in the latter.

Laws found that even splashing in sewers was unlikely
to produce appreciable infection, and that sewage falling
into an egg-shaped sewer, 11 ft. x 9, from the middle of
its height, produced practically no effect on the number
of germs.

J. McG. Smith (Sixth Annual Report of the Metropolitan
Board of Water Supply and Sewerage, 1893) found as an
average of 20 tests 225 germs per liter in the sewers of
Sydney, the particular forms being without exception organ-
isms common in street air.

In 1894 Dr. A. C. Abbott of Philadelphia found germs
were transported on a current having a velocity of 16.5 cm.
per minute, but not by one of 8.6 per minute or less. Dr.
Abbott’s conclusions were that the danger of bacteria being
transmitted under natural conditions was practically negli-
gible.

Dr. Charles Harrington* says “The majority and the best
of German investigators, such as Fliigge, Rubner, Girtner,
Soyka, Prausnitz, and others maintain that sewer air and
sewer gases are quite incapable of conveying the germs of
typhoid fever and other infective diseases. It is true that
some of the gases given off in the putrefaction processes
which go on in sewers are more or less poisonous, but
whether they are capable of producing any injurious defects
depends very much on the amount inhaled and on the degree
of concentration. In any event they are certainly incapable
of producing any infective disease in the absence of the
specific germ.”

Mr. Allen Hazen writes that Col. Ruttan has “investigat-
ed the plumbing in a considerable series of houses in Win-

¢*A Manual of Practical Hygiene, Phila. and N. Y., 1901
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nepeg with the general result of finding that plumbing is
not associated with typhoid fever. In fact his statistics
show a somewhat larger proportion of cases of typhoid fever
in the houses where the plumbing is good, than in those
places where it is defective.”

Mr. Hazen sums up the best current American opinion
in the following sentence *“‘After many years of experience
and long continued investigation there is not the slightest
reason to believe that infectious diseases are carried by the
air of sewers.”"'*

G. C. Whipple** says “Typhoid germs do not readily
leave a moist surface. Sticky by nature they adhere until
desiccation loosens their dead cells. For this reason sewer
air is not to be looked upon as a direct means of infection.”

In 1907 Major W. H. Horrocks* of the Royal Army
Medical Corps of Great Britain in some analyses of sewer
air at Gibraltar found under certain conditions germs car-
ried from the sewage into the air. His principal deduction
from these tests was stated as follows: “Specific bacteria
Present in sewage may be ejected into the air of ventilation
Pipes, inspection chambers, drains and sewers by (a) the
bursting of bubbles at the surface of the sewage, (b) the
separation of dried particles from the walls of pipes, cham-
bers, and sewers, and probably by (c) the ejection of minute
droplets from flowing sewage.”

This paper created some excitement among sanitarians in
the world, and caused many to return almost to the old time
terror of “sewer gas.”

But closer examination of the experiments of Horrocks
and of his summary of conclusions does not appear to jus-

*Engineering News, LIII, 246.

**In the latest American Text Book on Typhoid Fever (Typhoid
Fever, New York, 1

*Proceedings of the Roya.l Soclety, Series B, Vol. LXXIX, No. B
831, p. 255. b. 7. 1907.
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tify any such alarm. These conclusions as stated by himself
were only such as had practically been admitted by previous
investigators we have already quoted.

In some of his experiments Major Horrocks used strongly
foaming soapy solutions and vigorous splashing resulting
in the ejection of a few germs (B. prodigiosus) from the
sewage in the same way with other investigators. In an-
other case he obtained a few germs from quietly flowing
sewage. But this again had been observed by others and
ascribed to the drying of sewage on the sides of the pipes,
or from the transmission through it of fine bubbles caused
by decomposition or chemical action in the sewage. Certain
germs are known to dart rapidly through the fluids in which
they exist under the action of flagella, celia or whips at-
tached to their bodies. Others have a slow serpentine, spiral
or creeping motion and it might, at first thought, seem pos-
sible for the swiftly darting kinds to leap out of the water
like a flying fish and thus escape into the air. A flying fish
can leap from the water and remain a few moments in the
air. But the germ has not the peculiar muscular, flexible,
and springy body, fins and tail of the flying fish. The long
flagella of the germ presents precisely the construction which
would prevent aerial flight especially when heavy with water
soaking. Cuttle and jelly fishes more nearly resemble the
flagellated bacteria and these do not fly about in the air. To
expect such action on the part of even the swiftest darting
germ would be as reasonable as to expect to see a devilfish
paddle himself with his long tentacles up to the surface of
the ocean and soar away above the clouds. Mariners have
not as yet recorded having seén this feat and microscopists
are as little likely to have to tell the tale about disease germs.
That germs do not progress by their own motive power
through air was indicated by Pasteur when he proved that
it was not necessary to insist upon hermetic sealing or cotton
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filters to keep them from gaining access to a flask of in-
fusion. It is now well known that if the neck of the flask
be drawn out into a long tube and turned downwards, and
then a little upwards, even though the end be left open, no
contamination will gain access. The force of gravity will
prevent them from ascending the long arm of the tube into
the neck of the flask and impregnating the infusion.

Moreover Major Horrock’s bacterium prodigiosus has a
very slow and sluggish motion. His conclusion that germs
may probably escape from minute droplets ejected from
flowing sewage seems perfectly natural and requires no
special explanation.

A repetition of Major Horrock’s experiments by another
well known bacteriologist* recorded in the following table
showed similar results, and in this case also the germs eject-
ed were so few as to be, from a sanitary point of view, con-
sidering the great volume of the air into which they were
transmitted, entirely negligible, as he showed in various
ways and from the following table.

BACTERIA IN AIR OVER FOAMING LIQUIDS.
B. prodigiosus per liter. :
Expenment. In liquid. In air.

...... ceeesessetean... 630000000 O O O O
2 i , 680,000000 0 0 O O
K SR 230,000,000 O I O O
4 i 5,000,000000 0 I 3 O
B e 1,000,000000 O O O O
Y 2,700,000000 I O O I
y 2 1,800,000000 O O O
8 4,400,000,000 O O O

He found that even under conditions of foaming and bub-
bling very favorable for ejecting bacteria into the air from

*See report of Prof. C. H. A. Winslow's experiments for the
National Association of Master Plumbers.
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liquids containing many millions and even billions of bac-
teria per liter,* the number so ejected was so very small as to
be practicaly negligible. Most accurate methods of detection
were employed, so that there should be no question of detec-
tion of any germ released from the liquids swarming with
them. Prof. Newman** gives a provisional list of
normal sewage bacteria as follows: (1) Coli com-
munis, (2) proteus vulgaris, (3) B. enteriditis sporogencs,
(4) liquefying bacteria, B. subtilis and B. mesentericus, (5)
non-liquefying bacteria, (6) sarcina, yeasts and moulds. No
pathogenic bacteria are included in this inventory. **Doubt-
less,” he says, “such species (¢. g., typhoid) not infrequently
find their way into sewage. But they are not normal hab-
itants, and though they struggle for survival, the keenness
of the competition among the dense crowds of saprophytes
makes existence almost impossible for them. * * *
There is no relationship between the microbes contained in
sewer air and those contained in sewage. Indeed, there is
a marked difference which forms a contrast as striking as
it is at first sight unexpected. The organisms isolated from
sewer air are those commonly present in the open air. Micro-
cocci and moulds predominate, whereas in sewage bacilli are
most numerous. * * * Pathogenic organisms and those
nearly allied to them are found in sewage, but absent in
sewer air. ** * * [Lastly, only when there is splashing
in the sewage, or when bubbles are bursting (Frankland)
is it possible for sewage to part with its contained bacteria
to the air of sewers. * * * The interior of the cavity
of the mouth and external respiratory tracts is a moist
perimeter from the walls of which no organisms can rise
except under molecular disturbance. The position is pre-
cisely analogous to the germ-free sewer air as established

*About a quart.

**Demonstrator of Bacteriology in King’s College, London, in
ﬁzswork entitled “Bacteria,” published by John Murray, London,
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by Messrs. Laws and Andrewes for the London City Coun-
cil. The popular idea that infection can be ‘given off by
the breath’ is contrary to the laws of organismal pollution
of air. The required conditions are not fulfilled, and such
breath infection must be of extremely rare occurrence. The
air can only be infective when filled with organisms arising
from dried surfaces. The other series of investigations were
conducted by Drs. Hewlett and St. Clair Thomson, and
dealt with the fate of micro-organisms in inspired air and
micro-organisms in the healthy nose. They estimated that
from 1,500 to 14,000 bacteria were inspired every hour.
Yet, as we have pointed out, expired air contains practically
none at all. * * * From the two series of experiments
which we have now considered we may gather the follow-
ing facts:

(a) That air may contain great numbers of bacteria which
may be readily inspired.

(b) That in health those inspired do not pass beyond the
moist surface of the nasal and buccal cavities.

(c) That here there are various influences of a bactericidal
nature at work in defense of the individual.

(d) That expired air contains, as a rule, no bacteria what-
ever.

* * * “Tt should be noted that the bacilli of diphtheria
are capable of lengthened survival outside the body, and are
readily disseminated by very feeble air currents.”

Miquel found during a six years’ investigation of the air
of Paris an average of 4,000 bacteria per cubic meter in
that of Montsouris Park. Fliigge, taking an average of
the middle of the city, but only about a tenth as many in
100 bacteria per meter, estimates that ‘‘a man during a life-
time of seventy years inspires about 25,000,000 bacteria, the

same number contained in a quarter of a liter of fresh milk.”
The number of bacteria in the air diminishes in cities rap-
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idly in proportion to the altitude, Miquel finding 750 per
cubic meter in the Rue de Rivoli, but only 28 at the summit
of the Pantheon. Whereas at the seashore there might
average a hundred per meter, the number diminishes as the
distance seaward increases, and the maximum distance sea-
ward, according to Dr. Fischer’s experiments, to which
germs can be transported lies between 70 and 120 miles,
beyond which they are almost invariably absent. ““Of par-
ticular interest in these experiments,” says Frankland, “is
the very distinct manner in which they show that the micro-
organisms which are present in sea-water are not commu-
nicated to the air, excepting in the closest proximity to the
surface, even when the ocean is much disturbed.”

All these facts co-operate to show that wet surfaces do
not give up their germs to the air under normal conditions.

124



CHAPTER VIL

THE DiscoNNECTING TrRAP AND THE Reasons WHY ITs Use
SHouLb BE PROHIBITED BY Law.

el HE fact that the air of sewers is
ki ||""! freer from all forms of micro-organisms

; ?,2/‘1 y than is the outer air above them ac-

| ,‘ counts for the immunity with which peo-

=2= ple may work in well ventilated sewers,

and explains the reason why the great

. Paris sewers, for instance, are so safe,

- P visited every year by thousands of travel-

~ / ers from all parts of the world, with no
case on record of resulting disease.

It has been related that the most re-
markably located hotel in the world was built in these Paris
sewers alinost immediately beneath the Madeline church to
accommodate the municipal scavengers. The interior was
described as being singularly neat and clean, and as serving
between sixty and seventy breakfasts and dinners to the
workmen therein, and these sewer laborers are as healthy
as are any other class of laborers in the city.

In view of all the facts, it becomes evident that the dis-
connecting trap and its vent are really worse than unneces-
sary. They are a positive injury as obstructing ventilation
and waste discharge, as complicating the plumbing, as forc-
ing odors generated in poorly ventilated sewers directly into
the crowded streets, sometimes greatly to the annoyance of
the people, and, above all, of depriving us of one of the
most effective means now known of filtering the air of
caties and towns of dust and disease germs. Their use
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should therefore be prohibited by law so that every soil
pipe may serve as an effective means of ventilating the
sewers and reducing the number of floating impurities in
the outer air. This latter advantage.I have not as yet seen
advanced, though it is of the utmost importance, especially
in times of epidemics.

So important is this matter and yet so little is it under-
stood by, the public that we ought to call a little further at-
tention to some of the more recent investigations which
have been made into the number and kind of bacteria found
in the air of the streets and as to their fate when they find
access into the sewers through the ventilating inlets.

Analyses of the air in the Paris sewers have been regu-
larly made at stated intervals and it is found that this air
contains on the average more carbonic acid and ammoniacal
nitrogen than the street air, but only half as many germs
of any kind, while most of the investigators have failed to
find any disease germs at all there. In these investigations
it has been found also that the humidity in the sewers is
great and practically constant.

In the air of the sewers of Berlin Petri found that there
were only a very small number of micro—organisms as com-
pared with that of the streets.

Similar results were obtained by other mvestlgators in
the sewers of London, Dundee, Westminster, Bristol and
Sydney in Great Britain, where classifications of the various
kinds of bacteria were made. In all these researches it was
found that sewer air is, as far as germs are concerned, very
much purer than outside air, and that these germs came not
from the sewer but from the outer air; that a decrease in
the number of germs in the outer air was followed by their
decrease in the sewer air; that the kind of germs in the
sewer air was the same as that in the outer air, but differ-
ent from those contained in the sewage itself. Laws and
Andrewes, who were commissioned by the county council
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to study the bacteria in the London sewers, state that the
number of micro-organisms existing in sewer air appears
to be entirely dependent upon the number existing in the
outer air at the same time and in the same vicinity. They
say that if the organisms existing in sewer air were derived
from those existing in sewage, then the flora of sewer air
should bear a very close resemblance to the flora of the
sewage, but that they in reality bear no resemblance what-
ever to one another. They say, indeed, “we may go even
further and state that, as far as we are aware, not a single
colony of any of those species which we have found pre-
dominant in sewage has been isolated from sewer air. We
consider, therefore, that the study of the sewage bacteria
on which we have been engaged fully confirms the conclu-
sions previously arrived at from the study of the micro-
organisms of sewer air, viz., that there is no relationship
between the orgamsms of sewer air and sewage.” * * *

*“In the conclusions to Part I of this report we endeav-
ored to show that sewer air has no power of taking up
bacteria from the sewage with which it is in contact . A
strong argument in favor of this view is the fact that the
very organisms which are most abundant in sewage are
precisely those which are absent from sewer air. In the
course of previous experiments on sewer air, the nature of
the organisms in some 1,200 liters of sewer air was care-
fully determined. Not once was the bacillus coli communis
or any of the predominant organisms of sewage found,
though we have shown above that the former is present in
sewage in numbers varying from 20,000 to 200,000 per cubic
centimeter. If this be so, how infinitely improbable becomes
the existence of the typhoid bacillus in the air of our sewers.
That sewage* is a common medium for the dissemination

*This is before the disease germs are destroved in the sewers
by coming in contact wtih the other bacteria which find in sewage
their natural element 8ud which are non-pathogenic
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of typhoid is certain; that sewage-polluted soil may give
up germs to subsoil air is possible ; but that the air of sewers
themselves should play any part in the conveyance of ty-
phoid fever appears to us, as the results of our investiga-
tions, in the highest degree unlikely.”

Now the house drains and soil pipes, being much smaller
and longer in proportion to their sectional area, and being
more uniformly moistened on their inner surfaces when in
use, and having more bends and angles in proportion to
their length than the public sewers, are correspondingly
more effective in removing any bacteria which may enter
them from the sewers. Hence the air of the house drains
will, as is quite evident, and as I shall endeavor to make
visible by experiments, be found to be still freer from
germs than even that of the sewers themselves.

As has already been pointed out, the danger from the
inspiration of sewer air is generally believed to lie in pre-
disposing the system to harm from disease germs coming
from other sources. This predisposition is probably due
to the gases given out by putrid fermentation, such as
carbonic acid, ammonia, sulphurated hydrogen, hydro car-
bons and volatile fatty acids, and the danger is in propor-
tion to the concentration of these poisonous matters. This
danger may be reduced to a minimum or altogether re-
moved by thorough ventilation. In order to provide a sim-
ple ocular demonstration of the manner in which sewage
and the moist surfaces of sewers arrest these fine particles
when they are brought in contact with them, gradually
clearing the air of them entirely, I constructed several ex-
perimental drain pipes of metal and glass tubing and of
different lengths, varying from ten to twenty-five feet, some
being straight and others bent.

These pipes were thoroughly moistened on the inside
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with water, and a specified quantity of dry fine dust was
placed at one end of each, and the attempt was made to
blow the dust through the pipes from end to end by means
of bellows. Before describing our experiments it is im-
portant to point out the relation which dust bears to disease
and how it serves to disseminate bacteria through the air.
Mrs. Frankland* says in her most valuable work, entitled
“Bacteria in Daily Life,” published in 1903: “That it is
no exaggeration to describe streets from the bacterial point
of view as slums is to be gathered from the fact that much
less than a thimbleful of that dust which is associated with
the blustering days of March and the scorching pavements
of summer may contain from nine hundred to one hundred
and sixty millions of bacteria. But investigators have not
been content to merely quantitatively examine street dust;
in addition to estimating the numerical strength of these
dust battalions, the individual characteristics of their units
have been exhaustively studied, and the capacity for work,
beneficent or otherwise, possessed by them has been care-
fully recorded. The qualitative discrimination of the bac-
teria present in dust has resulted in the discovery of, among
other disease germs, the consumption bacillus, the lockjaw
or tetanus bacilli, bacteria associated with diphtheria, ty-
phoid fever, pulmonary affections and various septic proc-
ess. Such is the appetizing menu which dust furnishes for
our delectation. There can be no doubt, therefore, that
dust forms a very important distributing agent for micro-
organisms, dust particles, aided by the wind, being to bac-
teria what the modern motor-car, with its benzine or elec-
tric current, is to the ambitious itinerant of the present
day. Attached to dust, bacteria get transmitted with the

sMrs. Percy Frankland. Fellow of the Royal Microscopical Sort-
ety, Honorarv Member of Bedford College, Unlversity of London,
and joint author with Professor Frankland of ‘“Micro-Organisms in
Water,” ‘“The Life of Pasteur,” etc.
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greatest facility from place to place, and hence the signifi-
cance of their presence in dust.”

It is also now believed that typhoid fever may be spread
by dust, the germs having been discovered in it. A typhoid
fever epidemic at Athens a few years ago was believed
on good evidence to have been spread by the wind on typhoid
dust particles, and epidemics of typhoid in other places have
recently been traced to the same cause, the dejecta of suf-
ferers from the disease having been thrown in places where
it became dried and afterward distributed by the wind.

“That the bacillus of consumption,” says Frankland,
“should have been very frequently found in dust by dif-
ferent investigators is hardly surprising when it is realized
that the sputum of phthisical persons may contain the
tubercle germ in large numbers, and that until recently no
efforts have been made in this country to suppress that
highly objectionable and most reprehensible practice of in-
discriminate expectoration. Considering that the certificd
deaths from phthisis in 1gor in England and Wales only
. reached the enormous tota! of 42,408, and bearing in mind
the hardy character of the bacillus tuberculosis when pres-
ent in sputum, it having been found alive in the latter even
when kept in a dry condition after ten months, it is not too
much to demand that vigorous measures should be taken
by the legislature to cope with what is now regarded as one
of the most fruitful means of spreading consumption.”

Boards of health and high authorities both here and
abroad have stated that tuberculous sputum is the main
agent for the conveyance of the virus of tuberculosis in the
air from man to man, and that indiscriminate expectoration
should therefore be suppressed.

Dr. E. Concornotti has recently made a very elaborate
study of the distribution of disease germs in air, with the
result that out of forty-six experiments in which the chz~-
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acter of the bacteria found was tested by inoculation into
animals, thirty-two yielded organisms which were patho-
genic.

Messrs. Valenti and Terrari-Lelli found similar results
in their systematic study of the bacterial contents of the
air in the city of Modena. In their report they state that
the narrower and more crowded the streets the greater
was the number of bacteria present in the air, and the more
frequently did they meet with varieties associated with septic
disease.

Schiffer has shown that leprosy bacilli may be dissemi-
nated in immense numbers by the coughing of leprosy pa-
tients, while it has been estimated that a tuberculous in-
valid may discharge a billion tubercle bacilli in the space
of twenty-four hours, and the dried sputum of consumptive
persons has actually engendered tuberculous- symptoms in
the lungs of animals which were made to inhale it. In as
many as 71 per cent of bovine tuberculosis cases the respira-
tory organs were the seat of the disease. A case is men-
tioned by the well known veterinary authority, M. Nocard,
of a whole stall of animals becoming infected through the
workman attending them being consumptive. He slept in a
loft over the cows, and his tuberculous sputum in the form
of dust was conveyed to the stalls beneath and so spread
the infection. The disease is known to have been spread,
on the other hand, from animals to men in the same way.*

It has been found by analysis of air containing large num-
bers of bacteria that showers greatly reduce their numbers,
as it reduces the amount of dust in the air, and that pro-
longed rains may clear the air of dust and bacteria entirely.
This accords with the action of the water and wet surfaces
of sewers in filtering the air of germs, and if the sewers
and house drains are long and wet enough in proportion to

*Prankland’s ‘“‘Bacteria in Daily Life.”
131



N

PLuMBING AND HOUSEHOLD SANITATION.

the amount of air passing through them, all dust and germs
may be filtered from this air entirely.

Laws says “It is really remarkable to find that no or-
ganisms are given off from the walls of a sewer which has
been empty and open to the air at both ends for such a
lengthened period as twelve days. The sewage with which
the sewer had been kept full for several periods of twenty-
four hours would contain no less than three to four million
organisms per cubic centimeter, and immense numbers of
these must of necessity have been clinging to the walls of
the sewer. * * * The velocity of the air current used
in the above experiments was five feet and fifteen feet per
second, respectively, the latter being far in excess of any
current that would normally obtain in a sewer.”

“Various experiments,” says Roechling, “have been made
with a view to ascertain how far germs can be carried away
by air currents in pipes and sewers. Hesse, who first investi-
gated this point, took a 2-inch glass tube about one yard long,
the inside of which he had covered with a layer of nutritive
gelatine, and sucked air through it at a slow rate. When
examining the tube afterwards he found that a large num-
ber of bacteria had settled in its first fourth, that the number
was somewhat less in the second fourth, and that it still
further decreased in the third fourth, and that no bacteria at
all had settled in the last fourth.”

Ficker remarks that in his experiments in the Hygienic
Institute at Breslau a current of air, with the velocity of
several meters per second, was not able to lift up specific
germs from half-moist soil, and that a current of the same
strength was not capable of carrying away germs which
had dried on several substances and adhered to them.

AUTHOR's EXPERIMENTS AND SUGGESTIONS FOR IMPROVING
THE AIR oF CITIES.

Various kinds of dust, from fine lint up to fine and coarse
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sawdust, were used successively in my own experiments.
Dry powdered substances of different kinds, such as whiting
cement and fine flour, were also used. Bacteria, being fine
particles of organic matter, resemble these fine dusts in the
manner in which they may be wafted about on air currents
and are retained by water.

In no case could any of the particles which came in con-
tact with the wet sides of the pipes be seen to be blown off
again. If any escaped they were too few and small to be
detected. The bellows were large and strong, capable of
producing at will either a powerful draught through the
pipes or a faint and almost imperceptible current. With the
short pipes it was possible to drive some of the particles
through in a strong draught because these did not have time
to come at all in contact with the moistened surfaces, but
with pipes twenty-five feet long and one and a half inch in
inside diameter none could be forced through even under a
pressure strong enough to put out the flame of a candle at
the further end. Where bends were introduced the same
result was obtained with shorter pipes. Fig. 51.

With gentler pressures still shorter pipes sufficed to en-
tirely filter the air of all particles, however dry and finely
powdered; and, in the very slowly moving air currents
found in the average sewer, a very short travel is sufficient
to arrest all dust or bacteria of every kind. -

The same experiments were then tried with the pipes
thoroughly dried on their inner surfaces. In these cases all
of the dust was easily blown through all the pipes after a
more or less prolonged application of the air pressure, the
surfaces of bends arresting for some time some of the par-
ticles by back eddies. hut all eventually passed through.

With jointed pipes, however, as might be expected. some
little of the dust and powder would be permanently retained
in the fine cracks of the joints.
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The interiors of the pipes were next coated with sewage
and moistened, and the experiments were repeated under
these conditions with the same results obtained in the first
experiments with pipes moistened with water alone. No
particles once coming in contact wita the moist surfaces
could ever be detached again, however strong the air cur-
rent, so far as could be observed.

Only the particles of dust which happened to travel from
end to end in the middle of the air blast escaped from the
pipes, and, as before said, this only occurred with short
pipes and in currents stronger than those which prevail in
ordinary sewers. As has been said, it is generally conceded
that bacteria may rise through water in the center of bub-
bles bursting on the surface, or in droplets caused by agita-
tion or spraying. But in well ventilated and properly con-
structed sewers such splashing and bubbling may be largely
avoided. But should they occur, the very few bacteria
thereby escaping into the air of the sewer could only travel
a short distance, as we have shown, before they would again
be caught and, if of the pathogenic kind, be quickly de-
stroyed. v

Finally, the pipes containing the particles of dust of vari-
ous kinds imprisoned in the moisture and organic refuse
along their inner surfaces were thoroughly dried by ex-
posure for several days to the dry air of the laboratory, and
then the air blasts were repeated to see whether the dried
particles of matter caked against the walls of the pipes
would give up the dust and bacteria blown against them
when they were wet. None of the dust escaped, so far as
could be seen. Under the most powerful blasts pieces of
caked refuse would occasionally be torn off the surfaces to
which they would normally adhere, but these were heavy
and fell directly to the ground as soon as they were blown
from the pipes. The dust particles still remained firmly
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imprisoned in these masses of scale and were therefore as
powerless to do injury as if they had never been detached
from the part of the pipe against which they originally fell.
The masses containing the separate particles of dust or bac-
teria were simply transferred from one part of the pipe
system to another. The reason for this is obvious. Wet
sewage, containing many kinds of glutinous and fatty mat-
ters, forms, when it dries, a more or less pasty mass, which
hardens into a tenacious cake, and in these experiments
appeared to hold the dust or bacteria enmeshed in its mass
as firmly as it did when it was in its moist state.

Thus we sec that the sewers really form vast filters, as it
were, for clearing the air which passes through them of
germs of disease, and it is the province of the science of
sanitary engineering to make the most of this wopderful
provision of nature in man’s behalf by co-operating with
her methods and increasing to the utmost extent the ven-
tilation of the sewers and drains.

We know, for instance, that, especially in times of epi-
demics, the air of the streets contains many disease germs.
If we could erect in front of our windows and doors con-
tinuously moistened filters of such a construction that no
particle of air could enter the house without first coming in
direct contact with some part of the moist surface of the
filter, and if the filter could be provided with a germicide
" maintained constantly active, it is certain not only that the
inmates of these houses would be shielded from the diseases
conveyed by germs as long as they remained within the
protection of the filters, but also that the germs themselves
in the locality would gradually be diminished in numbers
until, if the traps were numerous enough, all might ulti-
mately be destroyed.

Now the sewers form precisely such filters, and if copi-
ously ventilated by pure air currents induced by making
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every house drain a suction pipe, no offensive odor could
come from the sewers, and all the air thus drawn in from
the streets would be freed from dust and germs.

How short-sighted and foolish it is, then, to legislate
against such beneficent ventilation and purification by re-
quiring a barrier to be interposed at every house drain out-
let, by which the only really practicable way of thoroughly
ventilating the sewers is prevented.

There is no way known of setting up such screens as I
have described in front of our windows. But it is easily
possible to utilize the sewers already provided for us and
equipped with a most marvelously effective dust arrester
and germicide.

I do not say that with such perfectly constructed and
ventilated sewers as these it would be wise in times of epi-
demics to nail up our windows and ventilate from the sewers,
because the house drains and soil pipes will always contain

foul gases, which it will justify the use of our best science
to exclude from the house. and because the smallest of the
city sewers would have to be enlarged for such service to
the size of a Hoosac tunnel. But I do say that any air
which might accidentally enter the house through them
would be safer to breathe, so far as disease germs are con-
cerned, than that which would enter through the windows,
and that no odor would enter the house from the sewers
themselves, however much might be generated in the pri-
vate drains, because the warmth of the sewage and of the
house would always create an upward draught in cold
weather and fresh air would enter the sewers through the
street openings everywhere provided for it. In hot weather
citizens could take their choice between disease germs from
the windows and an occasional odor from the private drain.

Supposing, now, that the houses of an average city aver-
age twenty-five feet in width on the street lines, if we were
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to ventilate the sewers through every house drain we should
have suction openings every twelve and one-half feet into
the sewers, and these drains being four inches in diameter,
we should have about twelve and one-half square inches of
suction area for every twelve and one-half feet of sewer,
or one square inch for every foot of sewer in a city. For
supplying the air to the sewers corresponding street open-
ings would be provided.

If we assume an average of twenty-five miles of streets
in every square mile of a city we have for a city containing
100 miles of street about 528,000 square inches or 3,666
square feet area of sewer ventilation, which would be equiv-
alent to a round ventilating flue sixty-eight feet in diameter
or to 130 round flues six feet in diameter each.

Supposing the average height of the houses in our city
to be fifty feet, and that the quantity of air discharged per
minute through the 4-inch ducts of the 42,240 houses in
our city of a mile square be estimated. Assuming that
these ducts draw up the air at the rate of 419 feet per min-
ute per square foot of ventilating area for an average dif-
ference of temperature in winter between the air of the
house and that of the street of 30° F. (calculated under the

formula V=240J h%;T_‘lL) in which V stands for the

velocity of the current, i the height of the building, ¢, the
interior and t the exterior temperature, and allowing 50

per cent for loss by friction), we have a ventilation pro-
duced by all the 42,240 ducts of 1,536,054 cubic feet of air
per minute.

Allowing five occupants for each house, we have some-
what over 200,000 inhabitants in our city of a mile square
and our sewer ventilation would thus filter the air at the
rate of over seven cubic feet per minute for every inhabit-
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ant, or if we make a much larger allowance for friction
and assume a smaller difference of temperature between the
inner and outer air, we have a sewer ventilation of say from
one to five cubic feet of air per minute for each inhabitant.
The warmth of the sewage produced by the introduction of
warm water into the drains would under these circumstances
always produce suitable ventilation even in the summer
months.

Thus the sewer ventilation produced by the omission of
the main house trap and its vent would not only be the
most perfect that can be devised, but it would reduce the

Fig. 51. Apparatus for determining the degree of retention of bac
terfa by the moist surface of sewers and drains.

cost of the whole sewerage system by a large percentage,
in fact, over half a million dollars in our city of a mile
square. In rebuilding the city of San Francisco probably
several millions could be saved in this manner.

Fig. 51 shows our glass and metal sewer and drain pipe
as arranged for the lecture room. The measured pile of
dust to be experimented with is shown at the bellows end
of the pipe. The first opening provided with a stopper is
for the introduction of the dust. The other openings are
to permit of tests being made upon short or long pipes and
upon straight or bent pipes, as desired.

The arrows indicate the direction of the air currents
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and the manner in which the dust particles are blown
against the moist inner surfaces of the pipes to which they
adhere. The bend in the middle of the pipe may be placed
cither horizontally or vertically. When vertical it becomes
a trap and arrests, when full of water, all dust and germs.
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-~ CHAPTER VIII.
SEWERS.

Figures 52 and 53 represent
sections of large Paris sewers.
They carry both the house drain-
age of all kinds and the street
washings and rain or storm
water. They come under the
“combined” system of sewerage
as distinguished from the “sepa-
rate” system in which rain water
is separated from the house
wastes.
The egg-shaped sewer (Fig.
50, initial cut) is the usual form
now employed. Where a flat
fg. 52 Sectlon of Parls invert is used, as in Fig. 50,
greater convenience is obtained
for cleaning the flat portion, giving better foothold for the
men. But for the conveyance of small quantities of sew-
age the regular egg form is better.

The section, Fig. 53, shows a form of sewer in which
the gas pipes are submerged in a channel on one side filled
with water to prevent leakage of gas.

The advantage of the separate system is that the flow is
uniform and the dilution of the sewage is at its minimum,
in which condition the valuable manurial part can be sepa-
rated and the water purifiel and emptied into rivers or the
ocean at a minimum of expense. In places where the graées
are such that the rain water can be carried off in surface
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gutters to the ocgan or river courses, the expense of the
separate system is obviously much less than would be the
combined. But where a double syvstem of sewers would be
required, as. for instance, in Paris, the cost would be greatly
increased. The section in Fig. 55 shows a method by which
the separate system might be used in a single sewer pipe,
the drain water being shown in its maximum flow in the
larger conduit and the house sewage in the smaller. By
carrving the rain water pipes from the street gutters over

s

Fig_ 53  Section oY Fig. 50, _ Section

Paris sewers. of Egg-Shaped
Sewer.

the house drainage conduit the position of their outlets
might be so adjusted with reference to the latter that the
first washings of the street would fall into it, and the storm
water, as the storm increased in volume, would afterwards
leap over it and fall into the larger conduit.

Whatever system be adopted, the sewer should be venti-
lated sufficiently often to render the air in the sewer per-
fectly pure, and such ample light should be provided as to
give the double advantage of convenience of inspection and
the freedom from the undesirable anaérobic germs to which
strong light is inimical.

Frankland shows in a plate we have reproduced in Fig.
56 in a very interesting manner, the effect of sunlight on
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disease germs. He placed the letters spelling the name of
the particular disease germ upon which he experimented,
cut out of opaque paper, upon a plate of gelatine inoculated
with the germ, and exposed the plate to diffused sunlight.
The germs protected by the paper letters multiplied rapidly,
while all those in the unprotected parts of the plate were

Fig. 55. Writer's method of comhining both conduits of the
separate system of sewerage in a single sewer.

destroyed, so that when the paper had been removed the
disease germs had written their own autograph, as shown
in the picture.

Ample lighting as well as ample ventilation is a sanitary
measure everywhere,
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The inner surfaces of all sewers should be lined with
glazed materials, and in large sewers with white glazed or
enameled tiles to increase the light reflection and insure
greater cleanliness.

Now that draught animals in our streets are gradually
being supplanted by machine motors, the streets will soon
be paved with smooth materials and be kept perfectly clean.

Fig. #8. Autograph of cholera germs.

This will tend to greatly simplify sewerage and effect a
much more general adoption of the separate system en-
abling us to come much nearer the ideal of waste water
purification and recovery of its useful manurial part, at a
minimum of outlay.

Figs. 57 and 58 show old Paris sewers, the illustrations
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being taken from Victor Hugo’s “Les Miserables.” These
sewers carried the storm waters and house drainage with
the exception of part of the W, C. refuse which was at that
time almost exclusively collected in cesspools. Today the
cesspools are gradually being removed and everything will
soon be conducted directly into the sewers. The waste from
the street urinals and the liquid overflow from the house
cesspools was, however, taken into the sewers long before
the crusade against cesspools was undertaken. Nevertheless
the sewage today contains probably far more water in pro-
portion to the bacteria within than it did at the time of Jean
Valjean, because the supply of water to the closets fully
offsets any additional impurity they furnished. Moreover,
sink water and urine form the most dangerous parts of the
house water. But the unscientific manner in which these
old sewers were constructed and operated made them little
better than elongated cesspools, as compared with the mag-
nificent and cleanly conduits they appear today.

In 1882 Paris still had 80,000 cesspools and 30,000 shal-
low drinking water wells, most of which were contaminated
and entirely unfit for use.

These pictures show the appearance of the old Paris
sewers in 1805, when Bruneseau visited them with a view to
their improvement. Tig. 57 presents the engineer making
what Victor Hugo calls “the formidable campaign”—the
“nocturnal battle against asphyxia and plague.” Eight out
of the twenty workmen gave up the battle in the middle
of it. The ladders for measuring would sink three feet deep
in mud, and the lanterns would scarcely burn in the mephitic
atmosphere, the men fainting from time to time. There
were horrible pits in the ground in which one man suddenly
disappeared. The walls were hanging with fungi. Among
other things they found the skeleton of an ourang-outang,
which had disappeared from the Jardin des Plants in 1800
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Fig. 7. Druneseau visiting the old Parls sewers.
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rig. 58, Junction of old Paris sewers. From Hugo's *'l.es
Miserables.”
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and drowned itself in the sewer. They found, also, on the
other hand, valuable objects, coins, gold and silver, jewelry
and precious stones.

Fig. 58 gives the point of junction of several of these
old sewers, described by Hugo as ‘“winding, cracked, un-
paved, full of pits, broken by strange elbows, ascending and
descending illogically, fetid, savage, ferocious, submerged
in darkness, with gashes on its stones and scars on its
walls.”

The various methods of sewage purification now in opera-
tion in various parts of the world have shown the water
carriage system of disposal to be far in advance of any dry
system.

Erwin F. Smith in his treatise on “The Influence of
Sewerage and Water Supply on the Death Rate in Cities,”
read at the sanitary convention in Michigan, July, 1885*
shows by charts I, II and III the reduction of the death
rate of cities occasioned by the introduction of sewerage
systems, and in spite of their antiquity they form as pow-
erful arguments in favor of good sewerage as can be found.

His conclusions are:

(1) Typhoid fever and cholera decrease in proportion as
a city is well sewered.

(2) There is no direct relation between diphtheria and
sewers. ,

(3) The general death rate falls after the sewering of a
city, and, other things being equal, never again reaches the
maximum of its anti-sewered condition.

(4) The cost of building and maintaining sanitary works
is inconsiderable, in comparison with the direct pecuniary
loss, by sickness and death, which their absence entails.

*Reprinted from Supplement to Annual Report Michigan State
Board of Health.
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APPROXIMATE ESTIMATE OF THE COMPARATIVE AVERAGE
Cost oF PrLuMBING WoORk UNDER THE PRESENT
COMPLICATED AND THE NEW SIMPLE SYSTEM

In considering the various items of comparae-
ative cost of plumbing under the old and new
systems we may classify the chief items of

simphfication as follows:— .
(1) ‘The back venting of traps should be
prohibited. In estimating the saving which would
come tromn this item we tind that no close fig-
ure can be given without making a very exten-
Complirated sive study cf the different condltions involved,
Systém aulded by exhaustive statistics. Very_high build-
" ings would require, for effective back venting,
such an increase of size of pipe for each ad-
ditional story to overcome friction, that the
cost of the hack vent pipes would far cxceed
s ‘ that of the waste pipes. In bulldings of the

average height the cost should about equal
that of the waste pipes. We may take Figs.
264 and 265 for falr examples of the two meth-
Simple ods of piping for such buildings, except that
- System in Fig. 264 the back vent pipes have not been
Simple  in Alter- sufficiently cnlarged in the uprer stories. (See
System ations Chap. XLIV.)

(2) Tlexible joints and ‘‘Standard” thick-
ness of pipes should be substituted for lead caulked and rigid joints
with “Extra heavy’ thickness. ‘“Standard” thick cast-iron pipes
weigh about half as much as ‘‘Extra heavy,” and the cost of the
former, considering the comparatively high cost of hand caulking is
less than half that of the latter. Sce Note on pages 694 and 696.

(3) The use of the main house trap and its foot vents and other
piplnf involved should be prohibited. The percentage of saving in
this item depends upon the amount of piping which would be con-
sidered by diferent persons as necessitated by the use of this dis-
connecting trap. It would sometimes amount to a very large sum.

(4) The law calling for separate traps under each of several
connecting fixtures should be modified. This would also sometimes
amount to quite a large percentage, especially where back venting
i8 difficult.

(5) The law requiring water closet rooms to be ventilated by spe-
cial air shafts lighted by extcrnal windows should be modified to per-
mit of their ventilation through effectlve ventilating pipes or ducts.
This rejuirement sometimes involves the loss of exceedingly valua-
vle room and outer wall space without any advantage, as explained
in detail on pages 595 to 598, and the average :aving possible in this
item runs up to a very high figure.

(6) The law forbidding soil pipes to serve also as rain water
conductors should be chanzed where the combined system of sew-
erage is used. This would therc save one or more stacks of large
vipes from roof tn basement.

(7) The use of the hydraulic test for piping should be prohib-
ited, because, while very expensive and altogether useless, it puts a
strain on the piping far beyond what could ever be encountered in
practice, and which, like excessive boiler pressure tests, for instance,
may result either in destroying the property at once, or in develop-
ing unseen defects liable to appear disastrously in the future.

Taking all these large items together, and several smaller ones
not here mentioned, the author bhelieves the relative costs of the
two systems of plumbing may he fairly represented by the comPara-
tive sizes of the squares shown in our initial cut. (See Chap. XILIV.)
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CHAPTER IX.
Traps.

A trap is a siphon placed in the
drain to catch some of the water
discharged from a fixture and form
with it a barrier for the entrance
of air from the drains into the
" ol T T

'g'o!?s?" honor of 'the to the waterp seal 'some form of

man who invented it.

mechanical closure has sometimes
been added in the form of a valve, gate or ball, under the
supposition that a water seal alone could not afford sufficient
security. But the mechanical devices have now been found
to create serious obstructions to the flow of the water, and
to become, in time, corroded or in other ways more or less
defective. At the same time it has been clearly shown that
a sound water seal can be attained which affords entire se-
curity, and alone, so that the complication of a mechanical
seal becomes entirely superfluous.

The four pringipal encmies of the water seals of traps
are siphonage (which is the suction acting on trap seals
produced by a partial vacuum in the waste pipe behind
a falling plug of water discharged from a fixture), evap-
oration, back pressure and clogging by sediment accu-
mulation. These enemies of trap seals will be examined
in full detail in subsequent chapters.

Under the supposition that all traps are liable to lose
their water seal through siphonage, momentum and back
pressure, or allow of the transmission of gas bubbles under
back pressure -unless protected by special ventilation, the
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“back vent” law was passed requiring a separate vent pipe
to be carried from the outgo of every trap into a special
ventilation duct, independent of the soil pipe ventilator, up
as far as to a point above its connection with the highest
fixture. At the time when this provision was framed no
simple and reliable self-cleansing water trap was known
which could resist the severest tests of siphonage, momen-
tum and back pressure which might be encountered in
plumbing. _

Had such a trap been known, as is now the case, the back
vent law would obviously never have been made.

The common round or “pot” trap, though not self-cleans-
ing, can nevertheless be made large enough to be practically
proof against siphonage, and it may be periodically cleaned
by hand if it is found to clog with sediment; but nc trap,
and' least of all the S trap, can resist the destructive effect
on its seal of the rapid evaporation produced by the ven-
tilating current required by this law. The seal is destroyed
by evaporation in a very short time, varying with the rapid-
ity and dryness of the current and the volume of water in
the trap.

Special trap venting is now considered undesirable for
many other reasons which give rise to dangers much greater
than that which it pretends to remove, the danger from
evaporation, for instance, being, as houses are now plumbed,
much greater than that from siphonage. Traps are left in
disuse, and subject to the danger of loss of seal by evapora-
tion much oftener than is generally supposed. Thus they
are unused in city houses which are left unoccupied during
summer; in country houses which are unoccupied during
winter; in hotels and apartment houses during the quiet
seasons, or at times when they are only partly filled: in
private houses in the spare chambers reserved for visitors;
in business offices between the expiration and renewal of
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their leases ; in schoolhouses and all public and private office
buildings at times of vacation; in houses or chambers closed
on account of the absence of their owners for travel, sick-
ness, death or any other cause; in case of drought, or “cut-
off” of water supply for repairs of pipes, rebuilding or other
cause; in extra fixtures in houses, and in other places, and
at other times which will, upon reflection, occur to the
reader. In a few days after a trap has thus been abandoned
to the influence of the ventilating current, the time varying
with the dryness and velocity of the current and with the
volume and amount of exposed surface in the body of the
trap, its seal will be destroyed by evaporation.

Corrosion of well-flushed waste pipes of moderate length
by sewer air is never to be feared with ventilated soil pipes.
It is believed that there is no authenticated case on record
of such corrosion. Indeed, the induction through the
branch pipes of soil pipe air is by no means an advantage
when ample pure air from the room is available after every
flushing from a properly constructed fixture. When the
main soil pipe is properly ventilated the diffusion of gases,
the absorptive power of water for gases, and the frequent
water flow through branch pipes afford them sufficient pro-
tection when the pipes are in use. When the pipes are not
in use the waste matters adhering to their inner surfaces
dry up, and it is believed that what decomposition then takes
place goes on so slowly that its corrosive effect on the pipe
is practically inappreciable. We have shown that besides
the constant draught on the water seal by evaporation, the
vent pipe increases the unscoured area of the trap, and if
any portion of a trap not directly scoured by water passing
through it is liable to collect sediment, and ultimately clog
up, then the mouth of the vent pipe is also subject to this
danger. It thus, in a measure, defeats one of its own ob-
jects—i. e., to provide a safe trap which shall be self-cleans-
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ing and contain no chamber or corner which shall not re-
ceive the full scour of the water passing through this trap.
Now, the ventilating openings of traps having been so often
found clogged and even completely closed by sediment, we
see that this precaution is no certain protection against
siphonage and momentum.

CLASSIFICATION OF REQUIREMENTS OF TRAPS.

A proper trap should possess the following character-
istics :

(1) It should do its work by means of a water seal alone.

(2) It should be self-scouring.

(3) It should be capable of resisting the severest strains
of siphonage, momentum and back pressure that can ever
possibly be brought to bear upon it in properly constructed
plumbing, even when this plumbing is unscientifically used
by the occupants, and this without the aid of special trap
ventilation.

(4) It should contain a body of water large enough to
be practically proof against evaporation.

(5) It should be simple, of durable material and econom-
ical to manufacture, with smooth porcelain enameled
surfaces.

(6) It should be so constructed that its interior can be
inspected without removing the trap.

(7) It should have a tight-fitting, easily accessible clean-
out cap, to adm®t of removing easily any valuable or foreign
substance that may have lodged in any part of it.

(8) It should offer the minimum of resistance to the
flow of water through it.

(9) It should be ornamental in appearance.

(10) Finally, it should be independent of the fixture to
which it is attached and should be easily connected or dis-
connected.
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At first thought it would seem as if some of the above
requirements were incompatible or even positively antag-
onistic. How can a trap which is perfectly self-scouring
and simple be made to resist the most powerful action of
siphonage, momentum or back pressure without the aid of
some mechanical seal? It is nevertheless possible to obtain
this result, and the manner in which it is done will be shown
hereafter.

CLASSIFICATION OF THE DIFFERENT KINDS OF TRAPS.

Traps may be divided into two principal classes:
I. Mechanical traps.
II. Water seal traps.
Each of these may be again subdivided as follows:
I. Mechanical traps may be subdivided into:
(a) Hinged-valve trap.
(b) Gravity-valve trap.
(c) Floating-ball trap.
(d) Gravity-ball trap.
(e) Mercury seal trap.
II. Water seal traps may be subdivided into:
(a) Sediment traps.
(b) Self-cleansing traps.
These two classes may again be subdivided as follows:
(a) Sediment traps may be subdivided into:
(1) Air-vent traps.
(2) Reservoir traps.
(b) Self-cleansing traps may be subdivided into:
(1) Siphonable trap.
(2) Anti-siphon trap.
Finally self-cleansing anti-siphon traps may again be sub-
divided into:
(a) Deep seal traps.
(b) Shallow seal traps.
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MEecuaNIcAL SEAL Traps.

- Mechanical  closures
alone, without the water
seal, are of as little use
in plumbing traps, in
excluding sewer gas, as
could be the mechanism
shown in Fig.63, which
shows the peculiar form
of rhechanical trap found
under all the sinks of a
tenement house whose
landlady had received
orders from the Board
of Health to have “traps
put under every plumb-
ing fixture.” The old
lady obeyed the order
to the letter, but in do-
ing so exposed an igno-
rance of household sani-
tation so dense that even
the rats themselves be-
came rudely derisive and
hilarious. They carried

F‘fbu 63. Peculiar form of trap their ridicule so far as

nd under the sinks of a tene-
ment house whose landlady had to9 withdraw the cheese

Healtn. to have oraps put under
every plumbing ﬂxtul:-e. P from the traps by means
of skewers in order to
demanstrate the futility of mechanical gates in traps. Two
investigators climbed up into the sink to ascertain the result
of the woman'’s stupidity and, in still further contempt, sim-
ulated instant death, as vou see, from the ‘‘deadly” sewet

gas which emanated from the unprotected waste pipe, while
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four others were obliged to hold their sides to prevent them
from splitting with their vulgar laughter.

These almost incredible facts arerecorded to show the as-
tonishing amount of ignorance displayed by the public of
the functions of traps and plumbing work generally. All
our good lady knew about drainage was that she emptied
slops into the sink, and that the slops then went “the devil
knew where.”

Mechanical seal traps, like pan, valve and plunger water-
closets, have served their purpose, and must now be laid
aside in the general march of progress.

Before the necessity of ventilating the main soil pipe was
felt, and. when the science of plumbing was still more un-
developed, back pressure in every trap from the sewers was
a thing to be guarded against where the sewers were foul,
and balls, gates and valves in traps were invented to supply
an actual want. Now, however, the universal and most de-
sirable custom of ventilating every stack of soil pipes, and a
better understanding of the hydraulics and pneumatics of
plumbing has done away with this requirement, and the me-
chanical seal serves no longer any other purpose than to ob-
struct the proper flow of the waste water through the pipe,
and to collect sediment, besides causing a false sense of secur-
ity in case of evaporation or siphonage of the water seal. It is
evident that the mechanical seal is entirely superfluous, since
everything a trap is required to do can be done by other
better and simpler means. Moreover, we cannot apply me-
chanical seals to water-closet traps, and this fact alone
shows the uselessness of applying them to smaller traps,
since we must rely on the water seal alone in some of the
fixtures in all houses.

It has been claimed by some makers of ball traps that the
rotary movement of the ball in the water scours the sides
of the trap and prevents the collection of sediment, just as
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shot when shaken up in a bottle will aid in cleansing it.
This is, however, not the fact, as both experience and theory
have proved. Ball traps which have for some time remained
more than usually clear of sediment owe their cleanliness,
not to the movement of the ball, but to the scouring action
of the water, which proves, to a certain extent, effective in
spite of the ball. The ball breaks, more or less, the force
of the water flowing through the trap, and by just so much
diminishes its scouring effect. To claim the reverse is an
evident absurdity calculated only to mislead, and is easily
disproved by practical experiment and by examining ball
traps which have been in use for a short time. Many make
the mistake of supposing that, because shot or any similar
substance will help clecanse a vessel when the vessel is
shaken, the mere presence of the bodies in the vessel will do
the same under a current of water. This is a mistake. \We
cannot violently shake up the trap on a fixture as we do a
detached bottle, and a current of water powerful enough to
shake up the shot or ball without such movement of the ves-
sel would easily shake up and remove any other sediment
which might pass into the trap. ‘

When traps are so connected up with flexible pipes that
they can be violently shaken every few days, as our grand-
fathers tell us the old-fashioned schoolmaster was accus-
tomed to shake up unruly boys for the purpose of remov-
ing their cussedness from them, the trap ball may be made
to serve the same purpose, and will perhaps be equally ef-
fective. Until that time the water flushing will be retarded
by every form of obstruction in the trap, whether inten-
tional or accidental, and a current of water powerful
enough to shake up the ball effectively will easily shake
up and remove any other sediment entering the trap, as we
have said. Coarse sand, gravel, coffee grounds or similar
sharp substances in the waste water will add to its scour-
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ing effect in removing grease from the pipes; but this is
due to the momentum acquired in falling with the water
from the fixture, and to the sharp, cutting edges of the
substances. Thus tea leaves, having no sharp edges, when
admitted with the waste water, serve only to clog the pipes.

But coffee grounds, though often recommended, are not
regularly stored away by the thrifty housekeeper for flush-
ing drains. She would prefer a well-formed fixture, con-
structed as will hereafter be explained, which will do the
work for her more scientifically and reliably.

A slimy filth, or a thick, matted coat composed of de-
composing organic matter, collects around the ball or valve
and their chamber in greater or less quantity, according
to the size and strength of the water flow through the
trap. Hairs and lint soon collect under and stick to the
working parts and prevent their closing tightly, and hinges
corrode in the vapor or water until the mechanism refuses
to close at all beyond a certain point. Their obstructive
power gradually increases until even what little cleansing
power the water possessed at the outset may be entirely
destroved. The mechanical seals of traps are valueless as
regards siphonage, because this action takes place in the
direction in which the mechanical obstructions open. Im-
munity from the evil effects of siphonage depends, as will
be hereafter shown, entirely upon the form and dimen-
sions of the waterway of the trap.

It is sometimes claimed by the manufacturers that the
presence of a hollow elastic ball in a trap would prevent
bursting should the water in the trap freeze. If the ball
extended from the top to the bottom of the trap and its
sediment chamber, it might protect it from the effects of
frost. But this is not the case. Above and below the ball
the freezing water is evidently no more affected by the
ball than if the trap contained no water except in these
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places. Experience proves this to be the case, for the
hollow ball traps burst like other traps when exposed to
frost severe enough to freeze suddenly the water beyond
‘the parts occupied by the ball, and to break a glass of
the same form and size not containing a ball.

In our drawings illustrating various types of traps in
use, all the traps have been drawn to substantially the
same scale and size of inlet pipe, so that their relative
sizes can at once be seen. This will prove very useful
in enabling us to judge of their merits, especially as far

Fig. 64. Ilg. 64 bis. Fig. 63

as concerns the probable scouring effect of the water cur-
rent on their walls.
(a) Hinged-Valve Trap.

Figs. 64, 64 bis and 65 show three forms of the hinged
valve. If the valves in these traps could only be main-
tained clean and operative, they would somewhat protect the
water seal from evaporation produced by the ventilating
current. The swellings in the bodies of these traps very
slightly increase their power of resistance to siphonage, but
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the enlargement would have to be carried much further be-
fore they could be safely used without ventilation, and the
retardation of the water passage due to the valve would
then increase the rapidity of fouling inevitable with all
forms of pot traps. The hinged valve is the worst kind of
mechanical closure that can be used in the smaller house
traps, the slightest corrosion or sediment at the hinge ren-
dering the mechanism inoperative.

(b) Gravity Valve Trap.
Fig. 66 shows a valve trap invented by Col. Waring, but
afterwards frankly condemned by him in his general con-

Fig. 66. Fig. 67.

demnation of all mechanical traps. The valve chamber is,
however, reduced to a minimum, and the trap in operation
is perhaps as a whole as self-scouring as any mechanical
seal trap known. The arrangement of the valve is such
as to preserve the water seal of the trap for a considerable
time, even under a powerful ventilating current. Siphon-
age unseals it. nevertheless, quite easily. This and other
mechanical seal traps would be useful on account of their
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power of resisting the back pressure were there no simpler
means of accomplishing the same result.

Fig. 67 represents a trap which has enjoyed a great pop-
ularity. In resistance to siphonage it is equal to a bottle
trap of the same size, but has the advantage in this respect
over such a bottle trap that when the water seal is broken
the ball would still float up against its seal, and form under
some circumstances a partial seal of itself. Unfortunately
the roughness of the ball surface or of any form of mechan-
ical closure would prevent its providing proper protection
against the passage of sewer air in such a case.

Under the ventilating current produced by back venting
this type of trap suffers precisely as much as an ordinary
bottle trap holding the same quantity of water, the evap-
oration proceeding from the sewer side. The ball affords
no protection against evaporation because it is on the house
side where the evaporation is so slow as to be practically
negligible compared with the sewer side. The amount of
water which the ball displaces more than offsets the delay
to evaporation caused by its partial closure of the inlet pipe.

(d) Gravity Ball Trap.

Figs. 68 to 73 represent different forms of gravity ball
traps, or traps in which the mechanical seal is formed by
a ball resting on the top of a bend in the inlet pipe, and
partially closing the passageway by its weighty bulk. The
seal, as in all mechanical traps, is dependent upon the ac-
curacy of the fit of the valve or ball and its seat. This fit
is never absolutely air tight, even when new, as may be
seen by emptying a new trap of its water, and, when quite
dry, testing it for the passage of air or gas between the
mechanical closure and its seat. However smooth and ac-
curate their surfaces may appear to the eye, the particles
forming them are colossal masses, as will be seen under a
microscope, compared with the infinitesimal atoms forming
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the elements of air and gas, which defy the highest magni-
fying power to render them visible. These surfaces, rough
as they are, even when new, as compared with the sub-
stances they are intended to exclude, very soon become still
rougher by the deposit of a sediment composed of all kinds
of impurities carried by the waste water, so that the fit can
never be tight, of whatever substances the valve and seat

Fig. 71 Fig. 73.

be made. When somewhat stiffened with age the sphere
becomes still more® defective in shape, and its weight can-
not press out the irregularities of the surfaces. When the
valve and seat are wet, a séal may sometimes be formed
against the passage of air, but the seal is due to the water
and not to the valve, and the water seal alone would be
equally efficient, since, as we have already seen, we have
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to do with air and gases in their normal condition and not
under pressure. None of these traps are siphon proof unless
ventilated. Like the gravity valve, they resist evaporation
under the ventilating current for a long time, and in this
respect are better than the floating ball trap, for the gravity
ball and valves, as will be seen by referring to the drawings,
hinder the ventilating current from licking up the water
seal beneath the ball. The floating ball offers no such re-
sistance. Evaporation goes on as rapidly as if no ball ex-
isted. This is, under the present law requiring special trap
ventilation, a matter of great importance, though one which
is generally overlooked/in comparing mechanical seal traps
with one another.

Fig. 82 represents a gravity ball or valve trap designed
for kitchen sinks. It is intended to take the place of the
unfortunate bell trap, now so universally condemned.

It consists of a lead receiver with a brass grating on top.
The receiver holds about half an inch of water, into which
the hollow valve or ball dips. The valve has a circular rim
around its bottom, corresponding to the groove in the re-
ceiver which holds the few drops of water, and with it forms
the feeble seal. The quantity of water is so small that evap-
oration easily destroys the seal in a short time, even without
special vent. The trap is extremely liable to become clogged
with the substances passing through kitchen sinks. This
often leads to a removal, by ignorant servants, of both valve
and strainer, which, of course, destroys the seal. Such a
trap is little better than the ordinary bell trap, even though
there is the slight advantage claimed for it by Baldwin
Latham that the bell is not attached to the strainer. All such
forms of sink traps are to be unconditionally condemned.

Figs. 83 and 84 represent the ordinary bell sink trap, and
Fig. 85 is an improvement thereon in having the water
seal independent of the grating. In both of these traps
the water seal is too small. Both are destroyed by the
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Fig. 80.

F10. 148.=Turner’s Traps

Fig. 76.

Fig. 82.

Fig. 84.

Fig. 81.

Fiz. 79. : Fig. 83. =
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slightest disturbance of atmospheric pressure in the
waste pipes, and are condemned by all sanitarians.

This trap, Fig. 81, is far too expensive and complicated
ever to become popular or practical, and is no less of a
cesspool than the common round or pot trap,which is equally
effective in excluding sewer air. The seal of this trap can-

not be broken by siphonage, nor can that of a pot trap, if it
" be made large enough. '

Yet the law requires the ventilation of both of these
traps. The mercury seal trap must be constructed of some
material not easily corroded by mercury or water.

Figs. 74 to 79 show five more ball traps, describea by Mr.
Gerhard. The first has a double gravity valve. “A glass
in the upper side of the trap,” says Mr. Gerhard, “enables
one to inspect the working of the ball valves, which is as
follows: When in rest there is, in addition to the water seal,
a mechanical seal, which is half immersed in water. The
second ball valve at the outlet also shuts off by its weight,
but in case of undue pressure this would tend to lift the
ball, leaving around it a waterway through which the water
flows out. In rising, the first ball touches the second ball,
which is also lifted, to allow the water to pass freely. As
soon as the discharge ceases, both valves drop back into
their seat.” Under siphonage the valve nearest the outlet,
and under back pressure that on the inlet side, will close,
and so long as the trap continues clean these balls would
aid in protecting the seal. But better methods have now
been devised for accomplishing this, and the two balls form
a double impediment to the water scour.

The remaining drawings in this slide show Mr. Gerhard'’s
improvements in ball traps, which at that time were val-
uable, but which have since been supplanted by improved
water seal.* The last is certainly ingenious and as good a

*Wm. Paul Gerhard *“Drainage and Sewerage of Dwellings.” Wm.
T. Comstock, N. Y.
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mechanical trap as could be devised for resisting siphonage
or back pressure.

Figs. 86, 87 and 89 represent the McClellan Trap Vent, a
simple device to take the place of the back vent pipe. Figs.
86 to 88 give sections of the device, and Fig. 89 shows the
manner in which it is connected up with different fixtures.
Siphoning action lifts a small cup out of a mercury seal and
allows air to pass from the room under the cup as shown
by the arrows to break the partial vacuum in the soil pipe.
This device is much better than back venting. But where
grease would accumulate in the throat of the back vent pipe
it would here, and the mechanical parts are open to the ob-
jections already referred to in other mechanical traps.

Fig. 86. Fig. 87.
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CHAPTER XI.
WATER SEAL TRAPS.

JATER seal traps bear the same rela-
tion to mechanical traps that the
hopper water-closet bears to pan,
valve and plunger closets. They ac-
complish their work of removing the
wastes and excluding sewer gas
much more perfectly by the simple
action of the flushing stream, and by
the water seal which it forms, than

Fig % Common go th.e complicated machines already

“Cesspool” Trap. escribed, and they must be placed |

far ahead of them. Here again the

leading sanitarians are in accord; but as is the case with

hopper closets, so it is with water seal traps, there is the

greatest difference in the manner in which the different
kinds perform their duties.

Our first general division of water seal traps is into (a)
Sediment or Cesspool Traps, and (b) Self-Cleansing
Traps.

(a) Sediment Traps.—Sediment traps may be designated
as those whose inner surfaces are not cleaned by the scour
of the water passing through them, but which gradually be-
come coated with a deposit of filth. The deposit is due to
the improper form and size of the water passages, which
sometimes cause the current to pase through them slug-
gishly and without exerting upon them sufficient friction to
keep them clean, and sometimes furnish chambers or pock-
ets in which no movement at all takes place.

We have subdivided sediment traps into (1) Air-Vent
Traps, and (2) Reservoir Traps.
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(1) Air-Vent Traps.

Fig. 91 represents a trap having an air valve. The ex-
clusion of soil-pipe air, therefore, depends entirely upon the
accuracy of the fit of this valve alone, without the aid of
water. We have already explained that such a valve could
never be made gas tight, even when new, where its weight
is expected, as here it must be, to perform its purpose of
protecting the water. seal below from siphonage. Such an
air valve, if applied at all, should be placed above the trap
far enough from the waste water to be beyond the reach
of contamination therefrom. As here placed, the hinge

Fig. 1. Air vent Trap. Fig. 91b. Morey's Air Vent.

would quickly become corroded enough to deprive it of
the sensitiveness of action necessary to prevent the de-
struction of the light body of water in the trap-by siphon-
age. Nevertheless, the idea underlying this trap is good;
namely, to apply a very small air valve far enough above
the trap seal to be entirely out of the way of water spat-
tering and sufficiently sensitive to supply air to the waste
pipe before siphoning action can overcome the feeble in-
ertia of the water seal. It is the principle of the Morey
and McLellen vents.

(2) Reservoir Traps.

Figs. 9o to 105, inclusive, represent various forms of
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sediment collecting traps. The most famous in this coun-
try is the pot trap (initial cut), Fig. go. The unfortunate D
trap, common in England, is shown in Figs. 92 to 98. This
D trap is as much despised here in America as our favorite
pot trap is in England. It is difficult fo account for the
national fondness for either of these abominations, now
very cheaply made by machinery, after so much better de-

-

Fig. 91e. Fig. 914

Fig. 92.

vices have been furnished. But both forms, as well as the
globe trap (Fig. 100) and bottle trap (Fig. g1) are hard
to siphon when the size of the body is made large enough
in proportion to that of the inlet and outlet pipes, and this
fact, together with the ease with which they could be manu-
factured by hand on rainy days, has made them favorites,
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Fig. 101a,
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in spite of the absence of all science in their form and con-
struction.

Although the pot trap is liable to collect sediment and
become at times very foul within the cesspool chamber, it
may, nevertheless, be made antisiphonic, and, if the walls
are sound, the foul gases within it cannot escape into the
house under normal conditions. All they can do is to re-
main in the trap until they are driven out by the next cur-
rent of water that passes through it; only with unventilated
soil pipes do these cesspools become a source of serious
trouble. Yet if a choice had to be made between the evils
of an unventilated pot trap and a ventilated siphon trap
there should be no hesitation in preferring the former.

The bottle trap (Figs. 91 and 100) are equally good with
the floating ball trap of equal size in resisting siphonage
and in every other respect, and they are much to be pre-
ferred to it, inasmuch as they are not encumbered with any
mechanical part.

Fig. 91 bis shows an inverted bottle trap, the iaterior pipe
becoming the outlet instead of the inlet. In this case, the
outlet pipe is sometimes flared out, trumpet shaped at the
end. This may somewhat increase its resistance to siphon-
age, but it also evidently tends to obstruct the water flow,
and forms a nucleus for the collection of sediment, hairs,
lint, etc. A better way to increase the antisiphon feature
is to increase the diameter, if a bottle trap is to be used at
all.

Fig. 62 is an old form of D trap called the “Goose” trap,
a cesspool trap of rarely appropriate name.

Figs. 94 to 99 represent some cesspool traps at the Mu-
seum of Hygiene at Washington, and described by Mr.
Glenn Brown, architect, some of them having been pre-
sented by Mr. S. Stevens Hellyer of London. They show
the heavy deposits formed in these unflushed cesspools and
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the chemical action on their metal work, especially where
soil pipes are unventilated under abnormal conditions.

In the first figure, which is a water-closet trap, the inlet
pipe is almost closed by deposits, and the waste pipe en-
trance (A) from another fixture is completely closed up.

Fig. 97 shows a piece sawed off from the bottom of a D
trap. Over a third of the entire area of the trap seems to
have been taken up with the deposit.

Fig. 98 is a section of a lead D trap having an incrusta-
tion below the water line averaging over an inch in thick-
ness. Two waste pipes entering below the water line.were
nearly closed by deposits, the waterway remaining in them
being not over 34 inch in diameter. The analysis of the
incrustation in this trap showed calcic phosphate, 37.12 per
cent; plumbic phosphate, 1.45 per cent; calcic carbonate,
32.11 per cent; volatile and organic matter, 17.82 per cent,
and water, 11.50 per cent.

Figs. 95 and 99 show waste pipes completely closed in
traps which had been in postion forty-five or fifty years.

Fig. 101 is a pot trap having its inlet and outlet pipe con-
nections arranged in such a manner as to improve the
scouring action of the water passing through it. But a fix-
ture having its outlet large enough to fill the waste pipe
“full bore” and constructed so as to be discharged “full
bore,” must be used with such traps, as indeed with all
traps, if the cleansing power of the flush is to be of any
service.

Figs. 102 and 103 show a bathtub trap.* Its purpose is

. to permit of cleansing it from the floor level. Made of suf-
ficient diameter it would easily resist siphonage and is very
convenient where it is necessary to sink the body of a trap
between floor joists. Figs. 104 and 105 show ordinary pot
traps in the same position.

*Made by the Webb Manufacturing Co. of Boston.
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Fig. 108.
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CHAPTER XIL

STREET GULLIES AND SIPHONABLE TRAPS.

HE next figures are taken from Bald-

win Latham’s *“Sanitary Engineering”

nd show sediment traps used for

street Gullies. These traps ought to

rradually disappear from use and will

lo so as soon as communities see the

mportance of building good sewers

nd properly ventilating them. The

treet sewer inlets will then serve as

ewer inlet vents and the traps will

ve done away with. The silt-basins

must also disappear with the disuse

of horses. Automobiles will require perfectly smooth pave-

ments, which are not entirely without drawbacks now, on

account of the danger to horses from slipping. These

smooth pavements will then be kept perfectly clean and

the ventilating openings into the sewers will be very simple
and inexpensive.

Until such time, however, street gullies and sediment
traps will be used, and the drawings show the principle upon
which they are constructed.

“Gullies are liable to fail in times of frost, especially in
very cold countries, as the gullies and traps get completely
frozen up, and, when a sudden thaw takes place, they are
found locked up with ice, so that the water cannot readily
escape, and the streets, in consequence, get flooded. The
remedy for this is to remove the water in the gully as far
as possible from. the surface, and the gullies are constructed
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with special reference to the breaking up of the ice in the
traps should it accumulate. Figure 110 represents the sec-
tion of a street gully which has been used at Carlsruhe, Ger-
many. The gully is made in two portions, with a trap in
the division wall. Should the trap get frozen, the stone S
is removed from that portion into which the trap discharges,
and a suitable tool may be inserted to break up the ice.
* * * Inall cases gullies are liable to become untrapped

Fig. 109. Fig. 110.

Fig. 106. Fig. 118.

from leakage or from evaporation, therefore, to insure the
integrity of the traps, they should have the water constantly
renewed in dry weather. * * * All gullies should be reg-
ularly scavenged, not less frequently than once every six
or ten days, as matters are often passed into them, which
decay and give off an offensive effluvium if left too long
in the gully. * * * QGullies are usually provided with
grated coverings * * * which should be arranged at
right angles to the traffic, or otherwise narrow-wheeled ve-
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hicles are liable to get injured in the openings between the
bars of the gratings.*

Figure 106 is a representation of a gully trap which is
an improvement upon the common Bell trap, the bell not
being attached to the cover, but being loose, and having a
perforated bottom and dropping down on the center cone
D. The top grating is hinged and can be raised so that the
trap can be easily cleaned out. B is the level of the street
surface, and C of the water. The arrows indicate the direc-
tion of the passage of the water to the drains.

Figure 107 is a London gully-hole with a cesspool con-
structed under the sidewalk in order to facilitate its cleans-
ing in narrow streets of great traffic. The solid matter is
collected in the bottom of the cesspool and removed from
time to time through the stone manhole in the sidewalk.

Figure 108 is a larger gully with cesspool under the side-
walk. It contains room for a large amount of road detritus
to be periodically moved as described for Fig. 107. Fig.
109 is a street gully with earthenware trap. The gully it-
self is made of concrete in one piece, strengthened with
wrought iron bands cast within the concrete. This con-
struction has been used in the city of Dantzic where the
climate is very severe.

Figures 111 and 112 are gully traps suitable for yards,
but the curved bottom of the latter with the outlet near it,
renders it liable to transmit detritus into the sewers where
a large volume of water passes through it.

Figure 113 shows a double trap London street gully,
the smaller catch-pit is not so easily evaporated out as the
larger one, which is more exposed, and the emptying of
the larger one still leaves the gully trapped.

Figures 114 and 115 show a cast-iron gully having sev-

*Baldwin Latham.
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eral good points where traps are desired at all. First it
has a trap which is as reliable as possible at all times, the
usual traps losing their seals when the level of the water is
reduced by the removal of deposits. Second, very little
evaporation goes on in summer, and freezing in winter is

raoitainin

g

B
Figs. 114 and 115.  Fig. 116. Fig. 117. Fig 118.

Fig. 119. Fig. 120.

Fig. 122. Fig. 123.

impeded. Third, there is ample space for road detritus
Fourth, it has a flushing aperture in the small trap. Fifth,
it is economical and requires no brickwork in setting.
Figure 116 shows a gully used by Mr. Denton for many
years, having advantages similar to the last. Finally Figs.
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117 and 118 show gullies having removable sediment boxes.
The gratings are made separate for convenience in casting
and in lifting off. The boxes above the trap lessen evapora-
ticn in dry weather and can be removed and emptied into
the scavenger’s cart readily by one man.

The next figures show a number of disconnecting house
traps described by Denton, all being more or less cesspools.
with square top. Figure 123 is a horizontal house trap.

Flg. 124. -

Fig. 126. Fig. 127,

All should and will be done away with as fast as the people
learn the value and economy of well ventilated sewers. The
slide also gives a number of grease and sink traps.

Figure 121 is a species of grease traps having a catch-
basin at the bottom. Fig. 122 is an earthenware sink trap
Figure 124 is a rainwater pipe trap which, however, can
not be depended upon unless means are provided for con-
stantly renewing the water therein. Figure 125 is a running
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house trap with gully combined. A gully trap so used will
always be sure of a seal while the house is occupied, be-
cause it takes the house waste and is not dependent upon
rainy weather. Fig. 126 is another gully trap showing how
it may be ventilated by a pipe rising along the outer wall of
a house.

Fig. 132, Fig. 188. Fig. 134,

Fig. 127 shows a triple seal trap, used in England, and
is introduced to show the madness to which main house
trapping is sometimes carried. The water in this trap oc-
cupies two compartments separated from each other de-
signed to prevent the one seal from polluting the other if
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the water in it should in any way become foul. The middle
part of the trap receives the surface drainage, and also pro-
vides an escape for any sewer air which might be forced
through the outer seal; all parts open directly into the outer
air through gratings. The three dips are intended to afford
extra security against the passage of sewer air. This trap
is, of course, very objectionable on account of the great
obstruction it offers to the passage of the drainage, and
of its expense.

SELF CLEANSING TRAPS.

are those which are scoured throughout by the water which
passes through them. They may be subdivided into (1)
those which lose their water seal under the action of siphon-
age or momentum, and (2) those which are capable of
resisting such action.

(1) Siphonable Traps.

Figures 128 to 134 represent different forms of siphon-
able traps. A very feeble suction is all that is necessary to
break the seal of any of them. The modified forms possess
no appreciable advantage over the common S trap of equal
depth of seal in this respect.

Fig. 134 is an S trap with a small sediment chamber at its
bottom. This chamber was introduced with the idea that it
would give the trap greater resistance against siphonage. It
has, however, no advantage whatever in this direction, since
its enlargement is all below the seal proper.

Fig. 135 represents a complicated device for replenishing
the seal exhausted by siphonage, evaporation or other cause.
The device would evidently soon become inoperative, and is
too expensive and delicate to deserve more than a passing no-
tice. Fig. 133 shows the manner in which the ventilating
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opening of an S trap becomes clogged sometimes to a
height of more than two feet from the mouth, and the same
would result with the water supply pipe intended to refill the
trap in Fig. 135 because it could evidently never be under
water pressure.

Figures 136 and 137 are other illustrations of an excess
of ill-directed zeal. The purpose is to refill on S trap auto-
matically after siphonage, a small reservoir chamber being
attached to the trap in such a manner as to deliver to it
through atmospheric pressure a fresh supply of water when-
ever its level in the trap seal falls slightly below the normal.
It works on the principle of the inverted bottle chicken

Fig. 135.

feeder, and is itself replenished by a small feeder pipe
operative when the supply cock of the fixture is opened for
use. This complicated and costly device was conceived
many years ago when the fear of sewer gas was at its
greatest. It is true that the water pressure would be likely
to keep the small openings in the reservoir chamber free
from deposit and the trap well scoured out, but the trap
might be siphoned while the fixture cock was not in use
for a considerable length of time so that the entire device
would serve only to inculcate a false sense of security, even
though evaporation might not empty the supply vessel in a
year.

182



STReET GULLIES AND S1PHONABLE TRAPS.

Fig. 136. Fig. 1317.
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CHAPTER XIIL

SeaL ReTaINiNG Traps.

We have considered
briefly the various agen-
cies which tend to destroy

X the seals of traps, and
3 have presented several vi-
ili3™ tal objections to the meth-
Il ods of protection gener-
ally attempted.
Fig. 138. Internally all kinds of
mechanical seals, balls,
gates and valves, both single and double, as shown in

Figs. 64 to 81, inclusive, have been tried. Externally in-
genious and complicated devices for refilling the seals

after their destruction, like that shown in Figs. 135 and
136, have been attempted. But all of these devices have
failed for want of simplicity and reliability.

Finally the “back vent” pipe was conceived of, and for
a time it was supposed that the great remedy had been at-
tained. A few rough and unscientific laboratory tests magde
on siphonage, which seemed to corroborate the idea, at once
gave rise, in several large cities, to a law rendering special
trap venting obligatory. At the time this law was enacted
the common “round” or *“‘pot” trap of large size had shown
itself to be capable of resisting siphonage when new and
clean, but it was recognized that under some conditions, as
when used with kitchen and pantry sinks, clogging was cer-
tain in time to render it inoperative. The object of the
vent pipe was to afford protection without the use of these
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cesspool traps, but the practical result has been that cess-
pools have become, since the enactment of the law, more
prevalent than ever, because not only has the use of the pot
trap, under various changes of form and name, continued
undiminished, but the mouth of the vent pipe has added
a cesspool to traps which were otherwise substantially self-
cleaning, as has already been shown.

Thus not only has the original purpose of the law been
frustrated, but the very evil it was intended to remove has
been actually augmented by it. The pot trap is converted
by grease into an S trap, and the S trap by the same agency
acting in the mouth of the vent pipe, into a cesspool trap.
The vent pipe was applied to protect the S trap, but is it-
self destroyed by the very same agency which destroyed
the pot, and the only wonder is that this inevitable result
was not anticipated before the law was passed.

Having now found this belief in back venting to be
fallacious, safety must be sought in some other direction.

Siphonage must be guarded against, not by adding to the
trap a limb of indefinite length and connecting it with the
external air, but by forming the trap itself in such a man-
ner that its own water-way shall serve as a special air-vent
passage, and permit the air of the room to supply the par-
tial vacuum in the soil pipe without drawing the water out
of the trap before it.

In constructing the trap provision must be made also for
resisting back pressure, evaporation, capillary action, leak-
age and all other adverse influences.

If a trap can be devised which shall be as self scouring as
a straight pipe of the size of the waste pipe itself, and at
the same time be capable, unvented, of resisting a siphoning
strain powerful enough to completely empty an S or small
pot trap fully vented in accordance with the law, and if
the construction of this trap is such that it forms its own
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vent pipe and causes fresh air to pass through its own body
whenever it is used and whenever siphoning action occurs,
so that it actively assists the main soil pipe vent in aerating
the waste pipe system in the most effective manner; then
it becomes clear that the continuance of this law on the
statute books is a very gross imposition upon the public.
When, in addition to this, we know that the vent pipe is
utterly unreliable on account of clogging and other influ-
ences already fully described, and that it involves the very
positive and important objection of rapidly destroying by
evaporation the seal it was intended to protect; where other
simpler methods now known are entirely free from these
difficulties ; the enforcement of such a law becomes an in-
excusable outrage upon the public, whether such enforce-
ment be due to selfish private interest or unjustifiable igno-
rance, and the investigation of the whole matter by an im-
partial commission appointed by the Federal, State, or Mu-
nicipal authority, becomes a very serious duty in behalf of
the people which has already been far too long neglected.
Although it has always been declared impossible, from
the nature of things, to render a simple unvented S trap
absolutely secure against siphonage this has nevertheless
now, in effect, been fully accomplished. »

EvoLuTioN oF A PERMANENT ANTI-SIPHON WATER-SEAL
TRAP.

To obtain these results, without internal complication or
external aid, is only possible by taking full advantage of the
various laws which govern the action of fluids in plumbing.
The difference in the specific gravity of air and water, and
the consequent difference of momentum of the two fluids
under equal rapidity of motion, and the relative attractive
and cohesive forces of the particles of the two fluids, give
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us reliable means of separating the air from the water in
their passage along the inner walls of the trap as simply
and unfailingly as chaff is separated from the grain in the
winnowing machine.

I have given as the second of the three methods tried
for protecting the seals of traps from loss by siphonage,
the use of a large unventilated “‘pot” or ‘“reservoir” trap. I
have shown that a small pot trap will not resist siphonage,
and that none which is less than eight inches in diameter
can be relied upon in all cases; that a five-inch pot trap
might sometimes be siphoned out by discharges from fix-
tures under conditions which may occur in practice; that
a four-inch pot trap siphons out much easier; that an ordi-
nary three-inch trap has very little resisting power, and
that two and a half inch and two-inch traps are altogether
useless, and but little more than S traps.

But unfortunately the larger forms of pot traps are, as
has been said, not self cleaning. They are cesspools and
violate one of our main principles of plumbing which pro-
hibits the retention of decomposing waste matter anywhere
within the system. They are also very bulky and expensive
in use of material.

In order to better study these movements, we have had
a large number of traps constructed in whole and in part
of glass.

The initial cut, Fig. 138, shows one of our experimental
glass traps in perspective, so constructed. The body is
thirteen inches square and an inch and a half deep. The
inlet and outlet arms are made of inch and a half pipe. The
inlet end descends below the bottom of the drum instead of
entering the side, as is customary.

Under siphoning action the seal standing in the inlet
bend rises into the drum and simply stands one side while
air passes through the trap from the fixture above the
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water in the drum, as shown by the arrows in the drawing,
and breaks the partial vacuum in the soil pipe. The
storm having blown over, the water seal quietly returns
from the drum or reservoir chamber into the bend and
restores the original conditions as a reed rises after the
fury of a hurricane has passed.

Thus the trap becomes its own back vent pipe, a back
vent pipe which has no inaccessible body waiting for mis-
chief, which provides entire security, and yet which adds
absolutely nothing to the expense.

As will be seen, a small portion of the water in the trap
will be thrown out at the first application of the siphoning
strain, but as soon as the level of the water in the reservoir
chamber has been lowered a little below the overflow point,
far enough to provide for the wave action produced by the
air blast, no further loss of water can be occasioned even
by the severest strain that can be brought to bear upon it.
This trap was found capable of withstanding a strain severe
enough to empty an S trap fully vented under the most
favorable conditions with a new clean vent the size of the
bore of the trap and only fifteen feet long. It per-
fectly illustrates the fact that the principle of resist-
ance to siphonage lies not in depth but in breadth of seal.
The maximum of strength comes with the maximum of
horizontal dimension, but with a minimum of height.

The trap is, however, still open to the objection that it
is not self-scouring. The sediment chamber is not so large
as it would be in a deeper drum trap. The cesspool feature
has been eliminated only in one of its dimensions.

Fig. 193 shows the manner in which a pot trap of this
form, though absolutely antisiphonic, could clog with grease
under a sink.

The third method of obtaining the desired security is,
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as stated, to obtain some form of trap which shall be both
antisiphonic and self scouring at the same time.

In our experiments with pot traps of various diameters,
from eight inches down to two inches, we have found that
with traps of equal depth their resistance to siphoning action
very rapidly increased with the increase of their diameter;
that with traps of equal diameter their resistance to capil-
lary action increased with their depth; that resistance to
back pressure increased with the increase of water capacity
of the trap and with its depth.bzlow the fixture it serves;
and that resistance to fouling action and clogging increased
as the sectional area of the body of the trap approached
that of its inlet and outlet arms; and that, finally, resistance
to evaporation increased with, the increase of water capacity
of the trap and of its distance from air currents. I have
moreover lately found that a shallow seal trap may be de-
signed in such a manner as to protect the seal of a water
closet trap from siphonage, as will hereafter be shown.

From this it would appear, at first thought, that to ob-
tain a trap capable of affording the maximum resistance to
all these adverse influences at once and under all conditions
would be impossible, because the desiderata above enumer-
ated seem to be in direct conflict with one another, a large
diameter being needed to resist siphonage and a small one
to resist clogging, while evaporation and capillary action
seem to demand a deep seal and thorough scouring, and
water closet trap protection a shallow one. But a closer in-
vestigation will make clear that these disiderata are not
necessarily incompatible with one another, as the following
experiments and reasoning will show.

The trap must be so formed, in the first place, that its
sectional area shall in no place exceed the area of the fix-
ture waste pipe which it serves, because otherwise it would
not possess the maximum of self scouring power,
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This requirement confines us to the use of some form ot
plain piping, either straight or bent, in the construction of
the trap.

In the second place it is evident that a sufficient amount
of this piping will be required in the formation of the trap
to provide the necessary water capacity for resistance to
back pressure and evaporation.

In the third place all the piping used must be on a hori-
zontal plane in order to preserve the required minimum
depth of water seal.

Finally, for the purpose of insuring against loss of seal
by capillary action, the seal of the trap must be separated
from its connection with the drain pipe by a distance great
enough to offset the maximum of capillary forces ever en-
countered in plumbing practice.

‘The first form of trap answering to these requirements
with which we experimented was, therefore, the simplest
form, namely, that of a straight pipe placed horizontally. as
shown in Fig. 139.

This trap consists of the seal proper shown on the left
side of the figure, which is made of 1l4-inch beut tubing,
the seal being not over a half an inch in depth; a long hori-
zontal body consisting of a plain round pipe likewise 1Y%
inch in diameter, or of exactly the same sectional area as
that of all parts of the seal tubing; and at the opposite end
of this pipe the sewer connection piece, which is again of
sectional area everywhere equal to that of all the parts of
the trap.

I call the first part of this trap the “trap seal proper,” the
second, the “reservoir chamber,” and the last, the “outlet
connection.”

The outlet connection has its overflow point 34 inch
above the bottom of the reservoir chamber, so that when
this chamber stands full of water the entire depth of water
seal measures only 1}4 inches,
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The trap was constructed of round metal tubing 1V5
inches in diameter, the reservoir chamber being ten feet
long.

The principle of resistance of this trap to siphonage lies
in the air space over the long reservoir chamber and in the
shallowness of the water seal. The water constituting this
shallow seal, yielding readily to the siphoning action, is
thrown out of the seal proper and distributed over the sur-
face of the water in the long chamber, and only slightly
raises the level thereof. A part of it is carried out into the
waste pipe. Then air from the fixture side of the trap,
having ample room above the water to pass through the
chamber without disturbing the water below it, breaks the
partial vacuum in the soil pipe, and restores the atmospheric
equilibrium in the pipe system.

The small seal in the trap proper is then quickly re-
plenished by water flowing back into it from the long reser-
voir chamber without materially reducing its level.

A small amount of water is driven out of the trap by
each subsequent repetition of the siphoning action, but less
and less is lost each time because the air space above the
water is each time correspondingly enlarged, and the re-
sistance to siphonage accordingly increased until a point is
reached when no further reduction-of its level by siphon-
age is possible.

The reason why air and not water escapes through the
reservoir chamber, is because the water thrown up from
the seal proper by the siphoning action forms a spray which,
striking the top of the reservoir, adheres to it and, in virtue
of the greater attractive and cohesive force already referred
to of the particles of this fluid, permits the lighter air
to pass through it and escape.

But there are two very evident objections to this simple
arrangement of the parts of the trap: the first being its in-
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convenient and unwieldy form, and the fact that a very
slight sagging of the body would be sufficient to destroy its
action; and the second, that in the event of the siphoning
action being exceedingly powerful, a water wave is set up

Fig. 140.
Wave formed by siphoning action.

in the tube body which acts like a solid piston in driving
out before it the rest of the water therein, so that this form
of trap could only be relied upon to resist siphoning action
of moderate intensity.

Our next inquiry was, therefore, to discover some way
by which this water wave or piston might be broken up,
and the air behind it allowed to escape to the outlet with-
out exhausting the reservoir in its passage.

The most natural method was to simply bend the pipe
body back and forth on itself abruptly, and the most com-
pact form possible in which our ten feet of tubing can be
bent in this manner being that of a square, our next ex-
perimental trap took this form, as shown in Figs. 141 and
142.*

Our reservoir in this case consisted of a metal box 13
inches square on the inside, having a glass top and eight
partitions set in such a manner as to produce a continuous

*These and all the subsequent drawings of our horizontal traps
have been made to the same scale of one-eighth the actual size in
order to facilitate comparison between them.
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zigzag waterway through the trap, the water having at all
parts a sectional area exactly equal to that of the trap

proper shown at the left of the figures, and of its inlet and
outlet arms.

Fig. 141.

Fig. 142.

Becond step. Breaking up the waves by abrupt ends. Plan and
section of square trap.

At each return bend of the pipe the wave created by the
siphonage is partly reflected back, and broken up, and the
air thus finds an opportunity to force its way through to the
outlet without appreciable reduction of the water level in
the reservoir chamber.

Tested on the apparatus shown in Fig. 241 this trap was
found able to withstand indefinitely the most powerful
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siphonage which could be applied, a strain which in a single
discharge, destroyed the seal of a fully vented S trap, Fig.
143, even though the vent pipe was new and smooth, and
of the full size of the bore of the trap and only ten feet

in length!

Fig. 143.

S-trap emptied by one siphoning action, leaving only a few
drops in the bottom of the trap, at the level of the dotted line. A
vent pipe 10 feet long was attached to the vent outlet shown.

The same strain easily emptied an unvented 4-inch pot
trap, Fig. 144, and siphoned out an S trap having a seal six
feet deep! Fig. 145.

—

Fig. 144.

Pot trap., which lost its seal after three slphonlng actions on our
apparatus, shown in Fig. 221.
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Yet our new trap easily withstood this enormous pres-
sure ten times repeated, losing only 34 inch in the first two
applications of the strain, and nothing more in the remain-
ing applications. In another test it lost 14 inch in the first
three applications and no more thereafter.

The trap will hold its seal more securely than a pot or
cesspool trap of more than nine inches in diameter, whether
the pot be vented or unvented (Fig. 146), because in either
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= ? Pot trap nine inches in diameter.
Fig. 145.
S-trap, with seal 6 feet deep, which lost its seal, tested on the same

apparatus.

case the movement of the water at the top of the pot is
very sluggish and this favors early clogging with greasy
scum, gradually converting it into an S trap.

Hence we have here obtained an absolutely antisiphon
self-cleaning trap of practical form.

But there are yet two serious objections to this form.
The first being its great size, and the second the resistance
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which the numerous return bends make to the outflow of
the water in its normal use. Small eddies are generated at
each bend, which retard the quick and free escape of the
waste water without in any way increasing the scouring
action thereof.

Tested for friction it was found that it required 35
seconds for the water of a 12-gallon tub to escape through
this trap as against 21 seconds for the same amount of
water under the same conditions passing through a trap
of this same size but constructed as shown in Fig. 138
without the partitions.

In order to obviate the first objection of the inconve-
niently large size of the trap, we next experimented with

Fig. 147,

Fig. 148.
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smaller sizes, successively reducing the horizontal dimen-
sions from 13 to 10Y4 inches, and then to 9, 8, 7, and finally
6 inches. Moreover the shape of the:partitions was varied
in order to ascertain the most effective and easily construct-

ed arrangement.

Fig. 149. Fig. 151,

Fig. 150.

Il

]
1

-

Fig. 153. Fig. 164.

Figs. 147 to 161, inclusive, show the various forms we
have examined, and in Table I the test made on some of
these forms are recorded. The results of the tests may be
briefly summed up as follows:
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SEAL RETAINING TRAPS.
(1) With traps of the kind under consideration the

power of resistance to siphonage is in proportion to the
horizontal length of the waterway in the trap. The largest

% &

Fig. 166. Fig. 166.

o

Fig. 167. . 8 Fig. 159.

Fig. 160. Fig. 161.

is capable of resisting the most powerful siphonage that can
possibly be brought against it on any apparatus which can
be built for making a plumbing test of which we are aware,
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EXPERIMENTS

TABLE I
ON SIPHONAGE. SEVEREST STRAIN.
SiLowing Aggregate Loss of Water in Traps in Fractions of an Inch After
Each Siphoning Action,

Number of Each Test.

Traps Tested 1 2 3 4 & 6 7 8 9 10
S-Trap
Fig. 143
134 in. Seal
10 ft. Vent
& One Return  Seal Trap
Bend . Broken Emptied*
4-inch Pot 23-4 3 BSeal
Fig. 144 2in. 21-2in. in.  in. Bro-
31, in. Seal out out out out ken
4 inch Pot T
20 ft. of Vent
Pipe & 5 Return 3-4in.  1in.
Bends out out 11-2 13-4 2 21-4 23-8 do. do. do.
Long Trap Seal
Fig. 139 Broken
S-Trap Seal
214 ft. Seal Broken
8-Trap Seal
414 ft. Seal Broken
Allbut  All but
S-Trap . 10in. 6in. do. do. do. do.
814 in. Spiral out out in. out
1-2 in.
7 in. Spiral out do. do. do. do. do. do. do. do. do.
1-2in. 9-16 5-8 do. do. do. do. do. do.
614 in. Spiral out do. in.out. in.out.
- 3-4in. 7-8in.
6 in. Spiral out _out 1 do.

*Only 1-8 inch of water left in bottom ofTrap.
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and much more powerful than any that can be brought to
bear upon it in plumbing practice.

This same statement holds good down to the six inch
size, the only difference being that the amount of water
forced out of the reservoir chamber by the strains will be
slightly greater in the smaller than in the larger sizes, as
will be seen by reading the table. The two smaller sizes,
namely, the 7 inch and the 6 inch, will resist any siphoning
action, however long continued, which can be encountered
in actual plumbing practice.

By slightly increasing the depth of the trap, in these
smaller sizes, however, the resistance can be made to ap-
proximate that of the largest sizes. Thus by increasing the
depth of the 7 inch trap by half an inch its resistance can
be made substantially equal to that of the 10 inch and the
13 inch traps, and by increasing the depth of the 6 inch trap
by an inch the same result can be attained in this case.

(2) The variations in arrangement of the partitions
shown in the various figures given above, do not essentially
affect their power of resistance to siphonage nor the cost of
their construction.

Figs. 162 and 163 show two other arrangements of the
partitions. The corners of the partitions may be rounded as
shown in these drawings without greatly affecting the re-
sistance of the trap, a slight increase in the length of the
water-way fully restoring any loss of area thus occasioned.

Fig. 164 shows four ordinary S traps connected together.

I have drawn them for the purpose of comparison with
Fig. 163. Such an arrangement of S traps would, of course,
result in “air binding.” But by venting them at the crown
this is obviated.

Now the only difference between these two arrangements.
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is that in Fig. 164 the S traps are placed vertically and in
Fig. 163 they are placed horizontally. The forms and sizes
of the traps in both cases are absolutely the same. But the
entire character of the S trap has by this simple change of
position become marvelously and radically altered.

Oq—ﬂ’ﬁ_*—‘
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Fig. 162.

Another arrangement of the partitions.

dd TP

Fig. 163.
S-traps placed horizontally.

—t—

Fig. 164.
S-traps placed vertically.
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In its ordinary vertical position the trap is now known
to be utterly unreliable and therefore in etfect worthless,
presenting, as it does, the feeblest possible resistance to all
the adverse influences which tend to destroy a water seal
in plumbing, and for this reason the common S or siphon
trap should never be used except for water closet seals, and
then only under conditions of arrangement which will ren-
der their seals secure and reliable. In its horizontal position,
on the contrary, it becomes absolutely invulnerable, and
acquires all the qualities to be desired.

Thus the feat of rendering an S trap antisiphon without |
the aid of a vent pipe, as claimed at the beginning of this
chapter, has been accomplished. By this treatment our S
trap becomes in effect vented through its own inlet pipe,
whereby the entire volume of fresh air needed to supply the
strongest siphonage ever encountered and to ventilate the
waste pipe system is made to pass directly through the body
of the trap itself without the slightest danger of destroying
its seal in its passage.

(3) We find, however, that the free and rapid discharge
of the waste water in normal use is diminished in proportio1
as the turns required in its passage through the trap are
abrupt and varied.

Thus the traps shown in Figs. 147 and 162 retard the flow
more than those shown in Figs. 138 and 141, and the oppor-
tunities for sediment deposit are greater in the latter than
in the former. Hence of these forms the former have two
important advantages. .

Experiments were also made on horizontal traps with
combinations of curved and straight partitions as shown in
Figs. 165 to 177, inclusive. They showed about the same
power of resistance as the traps having all rectangular par-
titions, but were, for the same reasons, subject to the same
defects.
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Fig. 165.
Fig. 164 Fig. 167,
Fig. 168. Fig. 169.
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OkE

Fig. 170. Fig. 171,
Fig. 172, Fig. 178.
Fig. 174. Fig. 175. Mg 177.

Figs. 164 to 177 Inclusive. Horizontal Traps with Combined Curved
and Straight Partitions.

We have found that these defects can be obviated by
taking advantage of the principle of centrifugal force. Ac-
cordingly we constructed the partition in the form of a
spiral as shown in Figs. 178 and 179.
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This improvement constitutes our third step, and in it we
have attained'a form which combines the advantages of all
the preceding ones and eliminates completely their defects.
We can reduce the horizontal dimensions as much as be-

Figs. 178 and 179.

Third Step. Plan and section of Horizontal Trap with Spiral
Partitions.

fore without destroying the power of the trap to withstand
the severest tests of siphonage.

We have done away with the comparatively clumsy
method of using abrupt turns and baffle walls to separate the

206



SeaL RETAINING TRAPS.

air from the water when siphoning action takes place, and
have substituted for it the simpler and more scientific and
effective agency of centrifugal force.

Air under powerful siphonage rushes through the trap
with tremendous speed, causing some of the water in the
reservoir to whirl around with the air like a miniature
whirlpool and cyclone. The water, being the heavier of the
two elements, is thrown outwards by its spiral movement
against the outer walls of the partition, while the air hugs
the inner walls because along them lies the quickest and
easiest outlet to the drain pipe where the partial vacuum to
be filled by it exists.

This action of the two fluids is easily followed by the eye
if the upper side of the experimental traps be made of
glass. It is made still more plainly discernible if lumps
of earth, small stones and other substances a little heav-
ier than water be mixed with it. These are clearly seen
to hug the outer walls as they whirl around on their way
to the outlet, while the air bubbles, always present in the
water at the time of siphoning action, seek the inner
side or more direct passage outwards, which is for them
the line of least resistance.

The resisting power of this trap is, as shown by the table,
as great as that of any of the preceding traps, while its form
permits of a much more rapid discharge than the others in
proportion to the length of its waterway, and it has the
maximum of scouring action, and absolutely no obstruction
or baffle in any way of the water discharges at any point
beyond what is encountered in a perfectly straight smooth
pipe. It has a sufficient volume_of water to withstand back
pressure and evaporation, and the distance between the trap
proper and the drain outlet is sufficient to obviate capillary
action.

1 believe, therefore, that in this we have attained the prin-
ciple of the perfect anti-siphon plumbers’ trap.
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Examined for friction, or self scouring properties, these
spiral traps showed themselves, as might be expected, far
superior to the others, as indicated by the friction tests
recorded in Table III.

TABLE III.
Experiments on Water Scour.

Showing Time in Seconds Required for Water in
Cistern Shown in Fig. 241 to Pass Through Traps.
Number of tests.
Traps tested. 1st Test. 2d Test. 3d Test.

Sec. Sec. Sec.
4-in. Pot Trap, 3 1-2-in. Seal .. 25 24 25

Straight Pipe ................ 22 22 22
7 1-2-in. Pot, 4-in. Seal ....... 32 32 32
13-in. Sq. Trap, Fig. 138 ...... 21 21 21
13-in. Sq. Trap, Fig. 141 ...... 35 .35 341,
13-in. Sq. Trap, Fig. 147 ...... 5514 5514 ...
13-in. Spiral, Fig. 178 27 27 27

11-in. Spiral, Fig. 181 .
11-in. Spiral, Fig. 180 ..
11-in. Spiral, Fig. 182
7-in. Spiral, Fig. 185

32 32 32
32 32 32
28 28

300 30 29

The 13-inch spiral trap, tested on the apparatus shown in
Fig. 190, discharged the 12 gallons of water from the tub
in less than half the time required by the rectangular trap
of Fig. 147, 27 seconds being required for the former and
55% seconds for the latter. The tank holding 12 gallons,
the first discharged about two quarts per second, and the
second less than one quart. Moreover, it required from §
to 10 seconds for pieces of paper, small lumps of earth and
other articles thrown into the water to pass through the
rectangular trap, whereas these matters were whirled
through the spiral trap in less than half the time. Heavy
substances, like small lumps of iron and lead, were retained
in the rectangular traps, but were always easily and quickly
whisked through the spiral trap and carried over into the
waste pipe.
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Now the scour exerted by the water in passing through
the reservoir chamber of the spiral trap was found to be as
effective upon the walls of the chamber as upon the dip of
the trap proper, because it is in the dip of a trap that heavy
matters are most likely to be caught and retained, not only
because the bend is most sudden at this point, but also be-
cause these matters have here to be elevated by the amount
of the depth of the seal, while in the reservoir chamber they
have only to be pushed along a smooth horizontal surface.

When the waste outlet of a plumbing fixture is very much
smaller than the area of the waste pipe connected with it,
the water loses its scouring force and greasy matters will
gradually accumulate along the walls not only of traps but
even of the straight waste pipes themselves, as has been ex-
plained and illustrated in a previous chapter. Now our
spiral trap is evidently no more able to resist the fouling
effect resulting from improperly constructed fixtures than
would be the straight waste pipe itself. But it has this all
important advantage over a vented S trap, that whereas in
the latter the vent pipe opening being the first part to be
clogged by greasy deposits, the whole trapping system be-
comes at once destroyed, and this without any warning to
the user; with the former the sediment being equally dis-
tributed over the inlet pipe and body of the trap, this re-
duction of the area of the waterway cannot in any way re-
duce the antisiphonic character of the trap, because it simply
converts it into a smaller trap, having the same relative
properties and principle of action. Indeced the sediment will
tend to accumulate where the resistance to the scour is
greatest, which is at the dip, and in this case the area of the
trap proper will constantly diminish with relation to that of
the reservoir chamber, in which event the resistance to
siphonage will if anything tend to increase rather than
diminish,
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Therefore the trap will resist siphonage as long as there
is any water way at all left in the trap. Yet when the dis-
charge is entirely stopped by sediment, or retarded to a point
of inconvenience, it will, of course, announce itself and
necessitate opening and cleansing.

The same advantage holds in the comparison of this trap
with a pot trap or any other form of plumbers’ trap con-
structed on the unscientific and faulty “vertical” principle,
which, strangely enough, is the one on which plumbers’
traps have always heretofore been erroneously designed.

As has already been explained in a former chapter we have
subjected our traps to strains of various degrees of in-
tensity, the severest being much stronger than any which
could be encountered in plumbing practice, for the purpose
not only of proving a degree of resistance beyond all pos-
sible question on the part of the antisiphon traps tested
but also of permitting a more thorough comparison between
the various forms of traps under consideration, and espe-
cially between unvented antisiphon traps and ordinary S
and pot traps fully vented in accordance with the present
plumbing laws.

It only remains to determine how far it is best to contract
the horizontal dimensions of our trap in order to obtain on
the whole in practice the most desirable results.

Our next experiments therefore were made to decide this
question. Figs. 181 to 189 inclusive show the various sizes
of spiral traps experimented upon arranged in the order
of the tests.

The endurance of each of these traps is recorded in the
Table I, The depth of seal in all was the same as in all the
preceding horizontal traps; 4. e., 174 inches. The most that
could be forced out of the 13-inch spiral trap even after
numerous successive repetitions of the ordeal was 3§ inch
in one set of experiments and 17-32 inch in another.
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The 10Y-inch spiral (Figs. 180 and 181) lost only 12
inch under the same tests. The 10/-inch spiral trap lost
9-16 inch. The 8Y-inch trap lost 7-16 inch and the 7-
inch lost g-16 inch, all under the same tests.

Flg. 180.

Fig. 181, Fig. 183.

O

Fig. 184.
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© @

Fig. 145. Fig. 186.

N -

Fig. 187. Fig. 188

Experiments were also made with a 6-inch spiral trap,
and this lost 114 inch after four of these severest strains in
succession. These strains long continued would have ulti-
mately broken the seal of so small a trap. But it withstood
all other strains as shown, and proved itself capable of
easily withstanding any strains of siphonage which can ever
be encountered in actual plumbing practice.

The arrangement of partitions shown in Fig. 184 seemed
to give results not appreciably different, so far as siphonage
is concerned, from those of Figs. 180 and 182. But the
sharp bends between the inlet and the outlet arms somewhat
increased eddies and the friction in normal use and ob-
structed the free discharge of heavy substances in the waste
water.
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The small opening shown in Fig. 187 between the outlet
pipe and that part of the spiral which is nearest to it pro-
duced a scarcely appreciable effect in the siphonage tests.
It would, however, be objectionable as a cause of complica-
tion and possible obstruction and its use was abandoned.

In Figs. 186 and 185 corners were rounded off as indi-
cated by the black places in the drawings. This reduced the
resistance to siphonage by so small an amount that its ad-
vantages in facilitating scour much more than offset the
loss. In Fig. 186 the bottom of the trap at the inner end
of the spiral is curved gently upwards in order to do away
with any sharp corners and barriers. This also improved
the scouring properties of the trap without appreciable in-
jury to its resistance to siphonage.

Before describing our final step it will be interesting to
record certain curious facts noted in making our experi-
ments on our horizontal traps not heretofore observed or
recorded, so far as I am aware.

For the purpose of studying the movements of waste
water through very large shallow traps we had the one we
have shown in Figs. 189 and 195 constructed with a glass
top, the length and breadth being 13 inches each and the
depth 115 inches. The seal proper was, as in the other
cases, only half an inch deep, and the water stood 34 inch
deep in the reservoir chamber when full up to the overflow,
making a total seal of 114 inches under normal conditions.

The actual movement of the water in this trap, under
both siphonage and friction tests, proved quite different
from what might naturally be expected. One might sup-
pose that under the pressure (or “suction” as it is popularly
called) of a powerful siphoning action, air and water would
be forced straight across the reservoir from inlet to outlet
arm along the line of the least apparent resistance, in a
straight and rapid current somewhat as shown in our figure,
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with return eddies on each side of the main current. It
would also be natural to expect some such current to be
formed when water was discharged through the trap with
considerable force from a fixture connected up as shown
in Fig. 190, where we have used a 12-gallon tank set 19
inches above the trap, to represent normal discharges from

an ordinary bath tub.

Fig. 189a.

Plan and section of thirteen-inch trap with-
out the partitions.
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The actual course of the water in these cases was, how-
ever, altogether different from our theoretical assumption.
Under siphoning action, the course of the water presented
the appearance shown in Fig. 191. The water was projected
violently upward from the inlet mouth, and, striking the
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Fig. 190.

Apparatus for making our
experiments on
friction.
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glass top of the trap, was reflected in a strong spray down-
ward and outward with the formation of bubbles extending
nearly half way across the trap.

At the same time powerful waves were set up which
tended to form rings around the inlet mouth spreading out-
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wards in all directions to the four sides of the trap about
as shown in the drawing.

ol

Fig. 191

Movement of water in our large flat trap
under siphoning action.

] ﬂ/fg@fm

v 370
oM S

Movement of water in the same trap
under the normal discharge of water.
Water from the fixtures it serves.

It was for the purpose of breaking down these waves in
the manner already described that we constructed the vari-
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ous arrangements of partitions in the traps we have il-
lustrated.
On the other hand the course of the water under a normal

lischarge of waste water through it from the fixture it
serves, as from a bath tub represented by the tank in our
Fig. 190, with which these tests were made, was even more
at variance with the expected.

The water, though coming with great force under the
head shown in the cut, seemed nevertheless to eddy about
quite leisurely and sluggishly in all sorts of directions, form-
ing, to all appearances, quite meaningless and uncalled for
curves and spirals, with occasional unaccountable dartings
toward unexpected points. It appeared to meander about, as
one might say, “with its hands in its pockets,” and not by
any means to rush direct to the outlet opening with the
frantic haste and decided manner we had confidently ex-
pected and planned for it. Fig. 192 gives quite an accurate
idea of the curious antics played by the current. The black
specks in the drawing indicate pieces of heavy solid matter
thrown into the water for the purpose of better studying
its peculiar movements. These at times jumped about quite
quickly, and at other times lay motionless for a while as
if deliberately resting for some violent effort a moment
later.

-g\\ A;arll’lpc

Fig. 195. I'ig. 196,
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Fig. 195 and 196 show our 13-inch glass experimental
traps in perspective. The large horizontal dimensions of
the first give it still the cesspool quality, and the figure
shows how it would clog in time with grease under a
sink. The second cut shows it divided so as to produce
the water scour.

Our fifth and final step consisted in constructing the parts
of the trap in such a manner as to permit of economical
manufacture and easy opening and closing for examination
while in use. Figs. 197 to 200 inclusive show two forms
adopted, the first being adapted to be placed above the floor
level and the second below the floor and serving two or more
fixtures at once, as, for instance, a bath tub and one or
more adjacent set basins.

The cover may be made of brass or of tile impervious to
air and water, of octagonal shape and designed to harmonize
with the tile or mosaic floor of a modern bath room. This

O

Figs. 197 and 198. Spiral Basin Trap.

Fig. 199. Figs. 200 and 201.
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form, however, the writer has not used, a later form being
preferable.

Figs 201 to 205 inclusive give perspective views of these
traps as they would appear both closed and open.
The floor trap is shown in Figs. 206, 207 and 208, serving

Figs. 199 and 200. Spiral Bath and Basin
Trap, as actually constructed.

‘Fig. 204. Fig. 205.
Floor Trap, with Tile Cover, set Floor Trap. shown with cover
in Tile Work, and made tight by and Gasket removed.

a large Elastic Gasket.
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three fixtures, namely, the bath tub, the basin and also the
water closet connected with its own deep seal trap. In
order to permit of this triple service the inlet arm of the
trap is branched above the floor to take the basin waste

|

Fig. 206. Fig. 207,

N

=

|

Fig. 208.

Fig. 209.
Bath Tub. showing preferable
arrangement of trap entirely
above the floor.

Fig. 209a.
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pipe, and its outlet arm connects with the outlet of the
water closet trap.

If now the seal of this closet trap is made deep enough,
the shallow trap will protect it unfailingly from siphonage
by supplying air through its seal to break the siphoning
action.

This trap may be constructed under a considerable va-
riety of forms, as shown in Figs. 210 to 224, to suit varying
conditions, either the inlet or the outlet pipe passing through
the centre of the reservoir or refilling chamber as desired.
Or either arm may be placed out of the centre of the trap,

as shown in previous drawings.

>

Flgs. 210 & 211, Figs. 212 & 213, Figs., 214 & 215,
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Figs. 216 & 216a. Fig. 217,

Figs. 218 & 219, Figs. 220 & 221, Ligs. 222, 223 & i
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Figs. 225 to 227 represent the writer’s earlier trap, the
“Sanitas,” which he developed from the pot trap as de-

scribed in 1884, 5 and 6, in his little works entitled “Im-
proved Plumbing Appliances” and “The Principles of House
Drainage.” This trap has been improved upon in the later
studies herein described which developed the more scien-
tific “Securitas” device, and in which were avoided the
defects in the Sanitas of too great a vertical extension and
too many abrupt and sharp turns. By doing away with
these objectionable features the “‘Securitas” trap has at-
tained a self-cleaning property equal to that, of the simple
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S or ordinary siphon trap, for the bottom of the “Securitas”
reservoir chamber can be curved upwards at the angle of
junction with the small cross partition if desired. In prac-
tice, however, it is found better to leave this angle a little
abrupt in order that small articles like rings or jewels,
often accidentally finding their way into a trap, may not be
swept into the sewer. The corner 1s too small to constitute
an objectionable sediment pocket, but just large enough
and conveniently enough located to safeguard small valu-
ables without creating any corresponding objections. Be-
ing directly in the path of the strongest water flush ordin-
ary sediment and greasy matters will not lodge there. This
feature is sufficiently appreciated by users to justify its re-
tention, although it might easily be done away with and all
corners fully rounded if desired to complete the ideal round
pipe section throughout.

Figs. 226 and 227 show most clearly the objectionable
feature referred to of the too great height of our first trap.
In consequence of this unnecessary vertical extension, a
larger proportion of its water seal is forced out under si-
phoning action than with the later device, which for this
reason proves more self cleansing with even greater siphon-
age resistance, and also has the very important advantage
of forming a simple and perfectly effective back vent for a
deep seal water closet trap, as already described.

Figs. 228, 229 and 230 show a few of the experimental
traps made by the writer before the development of his Sani-
tas trap, and some ineffectual efforts made in the wrong
direction to take advantage of the superior specific gravity
of water over air. by giving the two fluids a rotary move-
ment within the body of the trap, and attempting to separ-
ate them from each other by centrifugal force in a vertical
plane. In these early experiments the mistake was made of
adhering to the perpendicular construction everywhere
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adopted at the time and even continued in the Sanitas trap.
It was only on discovering that the strength and value of a
trap in every way lay in its horizontal extension that suc-
cess was finally attained. Had the trap shown in Figs. 228
to 230 been built horizontally rather than vertically the prob-
lem would have been settled muchmsooner. It is true that

Fig. 228, Fig. 229. Fig. 230.

the principle of the horizontal design was, to some extent,
followed in the steps leading to the Sanitas trap, but it was
only partially adhered to in the final form of the trap, and
yet whatever of success it has had* I attribute chiefly to the
horizontal element in its design.

The simplest forms of our “Securitas” trap are shown
in Figs. 233 to 237. As will be seen by the drawings, all
parts of the water way have an area substantially equal
to that of the inlet or outlet pipes, giving it the self-
scouring principle of the common S or siphon trap.

*As to this matter, testimony of others known as impartial
experts may seem to the reader more convincing than any self
- =~iea tha author mav indulee in. and therefore one or two remarks
of recognized authorities may Cproperly be quoted here. Col. Waring,
10r instance, writes in the * entm?r Magazine” of the trap as fol-
lows: “As an incidental result of his experiments on siphonage,
Mr. Putnam, by gradual stages, arrived at the invention of a trap
which seems to be a practical one, and which, subjected to tests
that were sufficlent to break the seal of any ordinary trap even
with fair back ventilation, maintained its seal undisturbed. Mr.
Putnam's trap, the form of which is fllustrated berewith, stands, in
its normal condition, entirely full of water. Under strong siphonic
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When constructed of iron white enamelled, both inside
and out, it forms a very attractive fitting, corresponding
with the smooth white surfaces of the modern plumbing
fixtures and bath room tile finish, and like them, it retains
its smoothness and cleanness indefinitely without the rub-
bing and polishing required by ordinary metal work, nickel
plated or otherwise. The shallow construction of the trap
allows it to go easily between the bottom of a bath tub and
the floor as shown'in Figs. 209 and 367, avoiding the in-
conveniences attending traps reaching below the floor. Fig.

—_—

action about one-half of this water follows the air toward the
drain; this amount being removed, the deflecting surfaces of that
portion of the apparatus thus emptied suffice to rob the air-current
of its spray, and under no test that has yet been applied, with an
open topped soil pipe, can the seal be broken. The interior of the
trap is well exposed to view, and the arrangement for cleaning in
of the glass cap to remove an obstruction would be a very small
grlce to pay for the absolute security which Mr. Putnam seems to
ave achieved. Since the above was written, T have tested Mr.
Putnam's trap, finding it effective in withstanding siphonage and
;:bstantially self cleansing. It seems to me the best trap that 1
ve seen.

This trap or something like it may probably come into univer-
sal use for washstands, baths, and laundry tubs—for urinals also
where separate urinals are used.” Further on in the same article
Col. Warlng says: ‘“Not only as confirming my own view, but as
an f{llustration of very thorough and careful experimental work.
attention may properly be called to an investigation carried on
for the City Board of Health of Boston by J. PicKkering Putnam,
Esq., an architect of that city. These investigations have been set
forth quite fully in Illustrated communications to the °‘American
Architect,’ which papers certainly mark a very important step for-
ward in sanitary literature. The deductions to be drawn from these
investigations are these,” etc. From the ‘Century Magazine” for
December, 1884.

Wm. E. Hoyt. C. E, S. B, Chief Engineer of the B. R. & P. R.
R. Co. and at one time Chief Engineer of the Massachusetts Board
of Health, says of the trap and other appliances in an address de-
livered at the annual meeting of the Academy of Sciences in Roches-
ter, N. Y., January, 1886: “I have briefly sketched. in one place,
the methods of these sclentific investigators. You have seen how
patiently and cautiously Mr. Putnam has worked in the develop-
ment of his Sanitas trap: how, step by step. he advanced. applying
all the time scientific principles In the various successive changes
of form, which resulted finally in the complete attainment of the
object he had in view.

The other ingenious appliances for which we are indebted to
Mr. Putnam are all of equal merit. I know of nothing to compare
with them in convenience, efficiency and safety. They should be
regarded in the same light as valuable discoveries in medical
science. By the use of these devices we are able to avold. in a
great measure the evils resulting ordinarily from bad plumbing”

The “Sanitary Record” of London writes of the Sanitas trap on
Sept. 15, 1885: “Mr. Putnam, an architect of Boston, undertook,
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236 shows its appearance beneath a basin, and Fig. 367 in
a modern bath room.

Diagram Fig. 231 shows the strength of the *“Securitas”
trap in resisting siphonage as compared with other traps.
The record of the eight traps given first in this table is
taken from that obtained for the City Board of Health,
except that in this table the loss of water at each siphoning
strain is given in percentages of the whole seal. The fig-
ures under each trap show the number of siphoning strains
or tank discharges applied without refilling. The perform-
ance of the “Securitas” trap is a record taken under a
siphonage strain of 20 inches of vacuum on a pneumatic

some time ago, an extended sgries of experiments with traps, in
behalf of the City Board of Health of Boston. These investiga-
tions were published and {llustrated in the ‘American Architect’ at
the time, and led to the development of the remarkable trap which
Mr. Putnam has called the ‘Sanitas.’ This trap has gained the
unqualified approval of many of the leading engineers of America.

“In February of this vear Mr. Putnam lectured before the
Suffolk District Medical Society, on the ‘Principles of Sanitary
Plumbing,” and he exhibited before a large audlence an exhaustive
series of experiments with various apparatus.

The same journal, in a later issue, publishes a letter of D. J.
Ebbets, in which he writes: *“Now there are several traps that may
safely be used to defy the severest siphonage encountered in actual
practice, but only one of these can claim to be self-cleansing—
ramely. Mr. Putnam’s Sanitas trap. This trap is extensively used
in America. It is the best example that we have at present of an anti-
siphonic trap.

“In America, where, partly on account of the severity of the
winters, it is usual to fix the soil-pipes internally, and to connect
all waste-pipes with the soil-pipes, it becomes generally necessar:
to ventilate the ordinary S-trap., introducing a complication whic
ia very bewlldering to the ordinary plumber, and the adoption of
which entails a considerable addition to the cost of the plumbing
work. Besides this complication and expense, there are certain evils
which are inseparable from such ventilation: so that in America,
at any rate, where self-cleansing antisiphonic traps are to be.ob-
tained, it would appear to be rather unwise to continue the use of
ventilated S-traps.’

Mr. Walter S. Pardee, Supervising Architect of the Board of
Education of Minneapolis, Minn., writes of the trap that it “stands
well here, I am glad to say. and the law was changed last fall to
permit its u<e (unvented) where back ventilation is not desired,”
ete. Other cities have done the same. Mr. Pardee adds: “To tell
the truth about the matter, I was led to inspect your trap more
closely than I would otherwise have done, from the fact that it
appeared to bekthe result of philosophical inquiry rather than of

g3 work.
me"rg" guote further laudatory’ remarks in favor of the writer's
appliances would seem to savor somewhat too much of a dealer's
‘,-’;’,’19 advertisement, and the above will therefore be assumed to bhe
cufficient for our purpose of providing a little outside unbiascd
testimony to corroborate the writer’s descriptions and contentions.
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testing apparatus. The other traps were subjected to
about 15 inches of vacuum on a hydraulic apparatus. The
Securitas trap was not tested at the same time with the
rest, as it was not invented at that time. Later tests on all
these and other traps show substantially the same results.

Fig. 232 shows the same strains on the Securitas by a
different form of diagram.

Fig. 233. Fig. .33a.

As shown in Fig. 233a the water makes only a single
revolution in passing through the refilling chamber. In
Fig. 233 a deep seal is used, not for any advantage to the
traps, but because a deep seal is sometimes called for in
plumbing laws through the mistaken idea that a deep seal
is needed for efficiency.

Figs. 234 and 235 show the appearance of the trap con-
structed of porcelain enameled steel and Figs. 234a and
235a show it in nickel plated brass, the latter being piped for
a running or bath tub trap, and the former for a basin.

If desired the top cup may be secured to the lower,
as shown in Figs. 222 to 224, by an upper nut instead of
by the bolts shown in Figs. 233 to 235. \ rubber
washer under the nut makes a tight joint, and the law
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which in some places requires all such joints to be under
water is in the light of modern science clearly unjustifiable.
Lead caulked bell and spigot joints, which the law allows,
are scarcely ever tight after use, whereas steam fitters’
joints with paper gaskets are tight against any pressure.
Our upper rubber joint is on the same principle, and is,
moreover, under water pressure at every discharge of the
fixture which constantly verifies its tightness.

Porcelain enameling on steel has now been carried to a
very high degree of perfection as illustrated by its great
durability in cooking utensils, where it has to stand the
test of the roughest usage, even holding boiling water on
a red-hot stove. The usage is not so severe in plumbing.
Very rough usage will, of course, crack the enamel.
But equally rough usage will destroy the appearance of
any ornamented construction. Porcelain enamel is not new
in plumbing, its use in bath tubs, basins and closets having
long been successful. It is only new in traps, and with this
improvement the entire bath room outfit, including walls,
fixtures, traps and piping may be constructed, harmoniously,
of white enamel, giving an effect of very great beauty.

Fig. 237.

Fig. 237 shows four fixtures constructed and set with
the simple piping we have advocated. The simplicity
of this arrangement is to be compared with the compli-
cation shown in Fig. 262, page 2066, which is reproduced
from a drawing by Mr. Hoyt to illustrate his interest-
ing article on safe plumbing published in 1888 in the
“Popular Science Monthly.” The same four fixtures
are provided in both cases but the cost of the compli-
cated arrangement is more than double that of the sim-
ple one. In the former there are 71 joints and in the
latter only 14. In the former bell and spigot hand
caulked lead joints are used. The strains on the hubs
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Fig 236. Rearranged from Catalog by Courtesy of Federal Huber Co.
made by the caulking hammer and the rigidity of the
joint require here the use of extra heavy piping.
Whereas the flexible joints used in the simpler system
allow of the use of “standard” weight piping with en-
tire safetv. This constitutes still another important item

of economy.
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CHAPTER XIV.

THE Two PLUMBING SYSTEMS.

HERE are, as I have already
indicated, two schools or sys-
tems of plumbing which may
be characterized as the ‘“‘com-
plex” system shown in Fig.
32, and the “simple system”
of Fig. 33, the first involving
two or three times as much
elaboration and expense as the
second, and rendering it al-
most impossible for the pros-
pective purchaser of a house
to determine whether it is safe-
ly plumbed or not.
We have already explained
some of the reasons why the
simpler system is the best. A
public sewer becomes very well ventilated and practically
safe when its ventilation is effected by making every house
drain and soil pipe a ventilating flue. The sewer then has,
in cities, in addition to the usual public ventilating openings
on the streets and elsewhere, also special 4-inch suction
tubes every ten or fifteen feet throughout its entire length,
assuming the houses on both sides of the street to average
between 20 and 30 feet in width each.

The temperature in the houses is at all times either
warmer, as in winter, or colder, as in hot days in summer,
than the air of the street and of the sewer, and thus cre-
ates a constant and thorough sewer ventilation. We have
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shown somewhat exhaustively that if disease germs are
brought into our houses in air currents, they come in the air
outside of the sewers, either above or below ground, and
not in the sewer air itself, and we know that whatever
putrescible matter, excepting street washings, is to be
found in the sewers, comes from the house drains them-
selves. Assuming, then, that the houses average say 26
feet wide and 50 feet high, the number of running feet of
soil and drain pipe in each would average at best not
less than 100 feet, and the interior surface of this house
drain pipe being of iron and not so well scoured as the
glazed inner surfaces of the sewer, would therefore contain
more decomposing matter than that part of the sewer in
the street which serves each separate house. It would be
absurd, therefore, to insert a disconnecting trap and double
or treble the amount of piping in a house for the mere
purpose of excluding this extra drain pipe air, even if it
were not demonstrated that this very complication increased
rather than diminished the chances of its entrance. More
than half of this complication is due to the absolutely and
at all times worse than useless so-called “back vent” system,
a system founded on misconception and perpetuated by ig-
norance, prejudice and humbug. Indeed, so far as the sci-
ence of plumbing is concerned, this system is already a back
number, for the leading authorities in plumbing and sani-
tary engineering have placed themselves squarely in oppo-
sition to it.

Of course it will be useless to study the various plumbing
fixtures of a house and the proper methods of connecting
them up with the piping until we know what that piping
is to be, and accordingly our first duty is to tackle this
“back vent” monster and destroy it, for being a thirsty
creature, it will, if left on guard over us, be certain in time to
lick the water seal out of our traps, or else, by gorging
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itself with grease, to lose all consciousness and abandon the
trap seal altogether to its enemies.

Like the cholera germ, this most pernicious infliction can-
not stand light. The science of hydraulics and pneumatics
is fatal to it and shall form for it our club of extermination.

The Hydraulics and Pneumatics of Plumbing.

The agencies which tend to destroy the water seal of
traps are siphonage, evaporation, back pressure, capillary
action, leakage and accumulation of sediment.

Fig. 238. Diagram to illustrata the phenornenn of siphonage.

Siphonage.

Our next drawing illustrates the principle of siphonage.
A trap consists of a U-shaped bend in a pipe forming an
inverted siphon, as shown on the left-hand side of Fig. 238.
By filling this trap with water and turning it upside down
we see that there is no greater weight of water in one
leg than in the other, and therefore there is no tendency
on the part of the water to run from one end of the tube
or siphon more than from the other so long as the two
legs are of the same length. They both pull down from
the top with equal force and tend to form a vacuum in the
bend. But if we lengthen one leg so that the water in it
becomes heavier than that in the other, it will run out,
while atmospheric pressure will force the water in the
short leg up to the top and out of the tube, because though
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the atmospheric pressure at the bottom of the long tube is
very slightly greater than that at the bottom of the short
tube, the air column being a few inches longer, this extra
pressure of air counts as nothing against the weight of
the same number of inches of water column. Now, if the
shorter leg of the siphon be dipped in a vessel of water,
as shown in the illustration, the atmospheric pressure which
before acted on the bottom of the water in the short leg is
transferred to the surface of the water in the vessel and will
act in emptying it down to the bottom of the short leg and
illustrate the well known action of siphoning. The water
in the vessel and in the short arm of the siphon constitutes
a trap. The long arm is the outlet arm of the trap, and
when water from the basin or any other fixture to which the
trap is attached flows through the trap and down the long
arm, it sets up this siphoning action, which will continue
until the trap seal is reduced to a_pgint. slightly below the
bottom of the short arm of the siphon, or so-called ‘“‘upcast
limb,” of the trap, thereby breaking the seal. Frequently
a sufficient amount of water trickles down from the fixture
and sides of the pipe above the trap after the siphoning
action to partially restore the seal. This direct action of
the water of a fixture in breaking its own trap seal by si-
phoning is called ‘‘self-siphonage.”

A more common form of siphonage, however, is illus-
trated in Fig. 239, where the seal of the trap is broken by
the discharge of some fixture other than the one to “which
it is attached, and usually in a story above it. Here the
discharge of a water closet in the upper story destroyed
the trap seal below; the fallmg column of water from the
upper closet rarified the air in the soil pipe behind it as
it went. To fill this partial vacuum following the water
plug, air tended to press into the soil pipe through every
opening. The friction of the rough sides of a tall stack
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of soil pipe, even though it be open at the roof, will often
cause more resistance to air in its attempt to fill this
partial vacuum than will the inertia of the water in any
fixture trap below. In the case shown by the picture the
outer air found' a much easier access to the interior of the
soil pipe through the trap seals than by any other way,
\

Fig. 239. Trap Siphoning.*®

and so it broke these seals and thus opened a free entrance
to soil pipe air into the house. The seal of the upper
closet would be emptied by the same action.

*From "Da,nge s to Health. A Pictorial Guide to Domestic
Banitary Defects, T. Pridgin Teale, M. Pub. by J. J.
Churchm London.
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On the left hand side we see the action of siphonage on
a lavatory trap caused by the discharge of a bath tub above.

= T
Fig. 240. Diagram to Illustrate Back Venting. (From Bayles.)

Three Methods of Protecting Trap Seals.

Three methods have been employed with a view to pre-
venting the destruction of the seal by siphonag®. The most
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natural method and the one which has been used now for
about a quarter of a century is to ventilate each trap by
connecting it with a special ventilating pipe constructed for
the purpose.

Mr. James C. Bayles describes this method in 1878 in his
“House Drainage and Water Service,” as one would de-
scribe a method at that time not long established, using a
cut which I have reproduced here (Fig. 240). It is, how-
ever, now generally admitted that the vent pipe shown by
Bayles in the cut could not afford even a temporary pro-
tection on account of its small size.

Incidentally it may be said that Mr. Bayles rightly ob-
jects to the use of a main house trap, saying that in his
judgment such a trap does vastly more harm than good.
Among other reasons he gives for this is that it hinders
the ventilation of the sewer. “When the pressure upon the
air confined in the sewer,” he says, “is increased from any
cause, it should have an outflow through every house drain.
When from any cause a partial vacuum is created in the
sewer, every house drain should be an inlet for air. In
other words, we should allow the sewers to- breathe through
the main waste pipe of every house, besides giving them
as many breathing holes in addition as can be provided.”
The waste piping of houses can now be done without dif-
ficulty so as to secure permanently tight work.

The second method of guarding against the loss of seal
by siphonage is to make the body of the trap so large
that a sufficient quantity of water will always adhere to
its sides after siphoning to restore a seal. This is the
principle of the pot or cesspool trap.

The third method is to construct the trap of such a form
as to render it both antisiphonic and self cleaning at the
same time.

The first method adds enormously to the cost and com-
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plication of the work and gives rise to greater dangers
than those it was designed to cure. Nevertheless it has be-
come popular with many, and is responsible for the so-called
“trap-vent” law, once excusable because nothing better was
for some time known, but now worse than absolutely in-
defensible in the light of our present knowledge, as inviting
the entrance into our homes of sewer-gas, now that sinple
methods are known for keeping it out.

In regard to the practical working of trap back venting
two things have been made clear. First, that it is not always
efficient in preventing siphonage even when new, and very
frequently fails when old. And, second, that it is always
more or less active in destroymg the trap seal through
evaporation.

The second method is both inexpensive and simple, and is
much more efficient and reliable in resisting siphoning ac-
tion than the first. It has, however, the serious disad-
vantage of involving the use of cesspools or centres of putre-
factive decomposition in the house, and brings, in the ag-
gregate, a vast amount of pollution into the public sewers
tending to frustrate our best efforts in the direction of their
complete purification. They are also liable to be converted
by grease accumulation into ordinary S or siphoning traps
and thus entirely lose their original power of protection.

The third method is the simplest and least expensive of
all, and has demonstrated itself to be perfectly reliable and
satisfactory. Nothing but ignorance and selfish private in-
terest has stood in the way of its exclusive adoption.

Let us now examine these three methods carefully in de-
tail since the question is not only one of the most important
and interesting ones in the whole domain of sanitary plumb-
ing, but its investigation will throw light upon every other
part of our subject.
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CHAPTER XV.
Trap TESTING APPARATUS.

Siphonage and Back
Pressure.
HE trap vent pipe was, as
I have said, originally sup-
posed to afford a reliable

" onee oe e ea.

cure for siphonage, and un-
R der that supposition the
& trap-vent law was made,
N and is in operation in the
Pl majority of cities and
' towns which have any
5

plumbing laws at all.

. For the purpose of test-
ing the efficiency of the trap
vent when it is new and
clean, and therefore at its
best, Mr. Hubbard has had
the apparatus erected
which you see in Fig. 241.
The cut shows you the en-

P D5 L Avparstus for Trap e apParatus,  HCUdDE

Unlotllwtor this Course of Lectures. the parts not visible in the

room. On the floor of the
attic space above this lecture hall is our large supply tank,
having a capacity up to the overflow of 40 gallons of water.

From the bottom of this tank descends a 2-inch iron and

glass pipe with two branches at a height of three feet from

the floor for taking the traps to be tested. The piece of
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glass pipe is 4 feet long and has been inserted in order to
enable you to follow the course of the water and study
the manner in which air mixes with it in its descent from
the tank under varying conditions of the tank valve vent.
The valve in the tank is a 2-inch standpipe valve, and
the top part of the 2-inch waste from the tank is vented by
an inch pipe, descending to within five feet of the floor
and, for the present, corked up at the lower end. Below
the trap branches is a throttle valve by means of which
we shall be able to illustrate the effect of “back pressure,”
as will hereafter be explained. Below the floor of this hall
the 2-inch waste passes through the room below and dis-
charges into a 25-gallon tank below the floor, as shown.

The tank empties through a 3-inch pipe, which connects
with the soil pipe at the basement floor, being trapped on
its way with a 3-inch running trap.

Now we may suppose that our tank represents a bath
tub and the 2-inch iron pipe its waste, and that in the
story below two basin wastes enter this waste through the
two trap branches which you see, and that our traps are
intended to serve these two fixtures. So far we have con-
ditions corresponding to those in actual practice with new
work where the rooms are very high.

The siphoning action may, however, if we wish, be made
considerably more severe than is found in ordinary prac-
tice by corking up the top of this standpipe valve of our
tank, which corresponds with the standpipe outlet valve
of a bath tub, and also corking up the vent pipe coming
from the top of the 2-inch tank waste, so that no air can
enter the waste except through the fixture traps to be
tested. Though in practice it often happens that house
owners will close up the overflow outlets of their fixtures
in the fear of “sewer gas” with corks and putty; and snow
and frost will frequently close up the vent opening.
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In order to represent “back-vent” piping we have here
also some speaking tubing and bends, which we shall apply
to the crowns of the traps to be tested and by this means
investigate the effect of friction in retarding the action
of this back airing.

By means of this apparatus we shall be able to determine
(1) whether or not seals of traps in common use can be
broken even when newly and fully vented and in accord-
ance with the law, under conditions which can be and
frequently are encountered in plumbing practice; (2) what
effect corrosion, incrustation and various forms of clog-
ging in the pipes have upon the traps seals; (3) the relative .
power of various forms of traps in resisting siphonage, and
(4) whether any form is capable of resisting the severest
possible siphoning action that can be encountered in plumb-
ng practice.

Before, however, making our experiments with this ap-
paratus, which will require light in the lecture room, we
will complete our lantern slide work, comparing our plant
with those used in my previous experiments for the Boston
City Board of Health and at the Massachusetts Institute
of Technology and elsewhere, pictures of which will be
s:own on the next two slides.

This cut (Fig. 242) shows the Board of Health ap-
paratus. It is composed of ordinary piping erected exactly
as it is in regular practice in house plumbing. A vertical
stack of 4-inch soil pipe was erected without bends from
the outlet above the roof to the horizontal run =inder the
basement floor, a distance of 70 feet 9 inches. The soil
pipe was run up straight in this manner in order to furnish
the conditions for the severest possible tests for siphonage
and back pressure. At the same time it formed the arrange-
ment most commonly met with in practice, The unbroken
fall of the water through such a pipe evidently creates the
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Fig. 242. Apparatus Used in the Experiments Made by the Author
for the Boston City Board of Health.
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most powerful compression of the air in advance of it and
the greatest rarification behind it.

Just below the fourth floor was placed a large cistern
44 inches long by 16 inches wide and 15 inches high up to
the overflow, inside measure; or of 46 gallons capacity,
as against 40 gallons capacity, which we have here. The
cistern served to illustrate the action of a bath tub, by
having a 1-inch discharge pipe at its bottom trapped
with a Bower's large sized trap, and entering the soil pipe
just above the entrance of the water-closet waste. The
water-closet used was a plunger closet, at that time popu-
lar. To expedite its filling a large service pipe from the
cistern was used, and the water was allowed to fill the
closet through a brass compression-cock. The water-
closet was supplied with a regular overflow pipe so that;
when full, its capacity was always the same, i. e., 4}5 gal-
lons. The plunger of this closet having no overflow, its
operation produced as powerful a siphoning action as is
possible with any plumbing fixture, and indeed the use of
plunger closets is partly for this reason gradually dimin-
ishing everywhere.

To test the effect on traps below of emptying the tank
after the manner of a flush tank, a 4-inch outlet valve and
waste pipe were fitted up in the manner shown.

Outlets were left on each story below the water-closet
for testing the traps at various heights on the stack. The
soil pipe was ventilated at the top full size, and had the
usual foot vent. Back pressure was generated by the
bend just below the basement floor.

In order to permit also of a series of experiments on
evaporation a 4-inch galvanized iron flue was erected by
the side of the soil pipe. This flue terminated just below
the first floor in a galvanized iron lantern, with a glass
door on its front side. A 1l4-inch rubber tube was con-
nected with the bottom of the lantern, and an anemometer
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was placed above the point of connection in an enlarge-
ment made to receive it. The anemometer was so ar-
ranged and placed that it could measure accurately the
current of air passing through the rubber tube in either
direction. The galvanized iron flue could be tested either
cold or heated by gas-jets, as shown in the drawing. A
second lantern was placed on the third floor with a similar
appliance for heating the flue.

A 1Y%-inch lead waste-pipe was connected with the soil-
pipe just above the basement floor. This branch waste
had a number of ventilating openings made upon it, and
a deep seal S trap at its end. The trap had three venti-
lating openings in its outlet arm, one at the crown and
the others below the crown, as shown. All the vent open-
ings both on the trap and on the branch waste were pro-
vided with small connecting tubes, so arranged that the
rubber ventilating flue could be readily attached to either.
The openings were, furthermore, all provided with closely
fitting corks so that they could be hermetically sealed.

By this arrangement the effect of ventilation at different
points of the trap or its waste-pipe upon its water seal
could be accurately tested. Further tests in evaporation
were made by connecting a second branch waste below the
first with a brick flue heated by a stove.

In order to make an accurate record of these experi-
ments the diagrams shown in Fig. 244 were made. In these
the trap seal is represented by a vertical line between two
circles. The upper cirale represents the outlet arm of the
trap in section, and. the lower circle the inlet arm. The
horizontal lines show the level of the seal after each dis-
charge.

The small diagram (Fig. 243) illustrates a simpler form
of apparatus upon which I made a large number of ex-
periments on siphonage. I assumed that as severe a test
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for siphonage to which a trap could be subjected in practice
would be that which would be sufficient to siphon out an
&inch pot trap or a ventilated S-trap constructed in the
usual manner. Such a test may be made by connecting the
trap with a 2-inch waste-pipe from a large bath tub, emptied
through an outlet large enough to fill the waste-pipe full-
bore, the waste plug being successively raised and lowered
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Fig. 243. Simple Apparatus for Trap Testing.

a number of times while the water is escaping. The siphon-
ing action produced on a 1%-inch branch connected with
such a waste at a point six feet below the tub is sufficient
to destroy in one second the seal of a 114-inch S-trap of
the ordinary construction, having a vent opening at the
crown, of the same size with the base of the trap (114
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Diagram Showing Test for Siphonage.
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TrAP TESTING APPARATUS.

inches), and connected with a 14-inch ventilating pipe of
smooth, new lead, sixteen feet long. It will also destroy
the seal of an ordinary S-trap having a vent opening at the
crown ¥ inch in diameter, without any vent-pipe attached
thereto, and will siphon out a pot trap 8 inches in diameter
having a seal four inches deep.

The tank in this little apparatus, which in principle re-
sembles ours here, had a capacity of 100 gallons. The
waste-pipe was 2 inches in inside diameter like ours, but
only 6 feet long to the trap branch, while ours is 17 feet
long to the testing branches.

The outlet plug, like ours, was large enough to fill the
waste-pipe full-bore.

The next figures (245 to 249) give the sections of some
of the traps tested, the horizontal lines corresponding with
those in the diagrams. Each test was repeated a number
of times, the results being each time almost absolutely
identical. A single discharge of 15 gallons destroyed the
seal of a 124-inch S-trap vented with a 1%4-inch pipe 25 feet
long, attached at the crown. With this vent-pipe shortened
to 15 feet two discharges of 15 gallons each broke the seal.
Shortened to 9 feet 7 discharges broke the seal.

In the pot traps tests 15 gallons were used at each dis-
charge. They all lost their seals, as shown, except the
" 8-inch pot, tested in the later experiments for the Board of
Health, to be described in another chapter, which lost all
but a quarter of an inch of its 3}4-inch deep seal after the
tank had beeri emptied 16 times. The 6-inch pot required
four and the 4-inch pot two tanks full to break their seal.

On the Board of Health apparatus, also several other
traps were tested at the same time with the pot traps, but
as only two were able to preserve their seals against the
tests applied, and as most of them had already been tested
in the experiments made for the National Board of Health
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and their tests published, by which their power of resist-
ance as compared with that of a ventilated S-trap and to a
pot trap, was made known, it was thought unnecessary to
record the failures again in our tests.

Fig. 245. 8 Trap. Fig. 246. 2 in. Pot. Fig. 247. 2% in. Pot

P24

Fig. 248. 3% in. Pot. Fig. 249. 8 In. Pot.
Tests for Siphonage on Traps of Different Sizes.

The tests for siphonage were made on pot traps unventi-
lated and on ventilated S-traps, the traps being placed on
the Y branch outlet on the second floor at a distance of
about 11 feet below the bottom of the water-closet trap,
since at this point the siphonage proved to be most severe.
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The tests were made with the closet alone, and also with
the closet and bath-tub combined.

The result of the experiments was that the discharge
of the water-closet was sufficient to unseal the S-trap even
though it was ventilated at or below the crown in the
manner prescribed by the plumbing regulations with vent
pipes of the full size of the trap. It made no material dif-
ference as to siphonage whether the vent-pipe be applied
immediately at the crown'or at a considerable distance
below it. Had the pipes been partially clogged by sediment
or rust the results would, of course, have been even more
serious, ’

An unventilated S-trap was, of course, completely
siphoned out by a single discharge of the closet, leaving
only a few drops of water in the bottom of the bend.

A 1}4-inch S-trap having a 1}4-inch vent hole in the
crown and a 1Y4-inch pipe of smooth clean lead 17 feet
long attached to the opening, had its seal broken in three
discharges. ‘

A 1Y-inch S-trap with 1l4-inch vent, constructed as
shown in the slide, and having 7 feet of 1-inch pipe at-
tached to one of the vent openings, the others being closed.
lost its seal after § discharges. With a 17-foot vent-pipe
4 discharges sufficed. When the bath-tub discharge was
added to that of the water closet a single discharge broke
the seal with the 17-foot vent-pipe and swept nearly all the
water out of the trap.

Experiments on the Pot Traps.

The pot traps tested on these occasions measured re-
spectively 2 inches, 214 inches, 3 inches, 315 inches, 4
inches, 5 inches, 6 inches and 8 inches in diameter, and from
these tests we found that their power of resistance to siphon-
ing depends upon their size, and more particularly upon
the diameter of the body, a half-inch excess of diameter
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affording a very considerable excess in depth of seal. With
€qual depth the resistance will be in direct proportion to
the diameter. The 2-inch pot lost its seal in one discharge
of the water closet, a 25-inch pot in two discharges, a
3-inch in four discharges, a 3%4-inch in seven discharges, a
4-inch in seven discharges, a 5-inch in 22 discharges, a
6-inch in 27 discharges and an 8-inch lost 114 inches of its
seal in 24 discharges, and would probably have resisted for
several hundred discharges. In well arranged plumbing,
however, a pot trap having a body 8 inches in diameter and
having 14-inch or 14-inch connections, may be considered
perfectly safe so far as retaining its seal is concerned, so
long as its seal is not contracted by deposits.

An examination of the sectional drawings of all the
traps will show at a glance the effect of each discharge on
its water seal, the horizontal lines giving the exact level
of the water after each discharge. .

The next figure (250) shows the apparatus erected at the
Massachusetts Institute of Technology already referred to.*
It consisted of a stack of four-inch soil-pipe with two water-
closets set ten feet above the wastes of the traps to be
tested. The closets were a Zane and a Jennings, both quite
popular at the time these experiments were made. The
soil-pipe had a number of bends to exemplify the bends,

*Mr. Wm. E. Hoyt, C. E, writes of these tests as follows:

“A few weeks ago I visited a mechanical laboratory, where, for
over two years, a series of experiments has been conducted on
household sanitation. Neither time nor money has been spared to
make these experiments and investigations thorough and complete.
Here, several skilful sanitarians have been diligently at work in
all this time to improve our system of house drainage. One of
these men is well known fn Europe, as well as this country, by his
scientific investigations and his writings. Let us see what they
ha]ve been doing. Time will allow a reference to one or two things
only.
“These men wished to know just how traps and ventilation pipes
and other contrivances really worked. under all possible conditions,
in houses fitted with modern appliances, and to ascertain this, they
bought a lot of full sized drain-pipes and ventilation-pipes and
traps and water closets, and set them up in their laboratorv just
‘n the wayv thev are put into our houcea. éxcent that the econo.
mized space, as I shall show you by a drawing. (Diagram C.) Fig. 250.
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more or less of which are usually required in any tall
building. The vent-pipes are on the right and were of 2-
inch cast iron pipe, also with bends. Openings were left
| in both stacks of pipe, as shown in the drawing, to permit
| of a great variety of experiments with long and short
 piping, and with from only 1 up to 8 on the soil-pipe stack,
,and from 1 to 13 on the trap-vent stack. ‘
In this way the apparatus was made to correspond with
| that in any form of house we desire to imitate. Some of
the tests were very severe, but no more so than often en-
* countered in plumbing practice. If we are to be forced by
the law to put our clients to the great expense and danger
of ventilating every trap, we have the right to demand, first,
- that the means employed shall actually afford us the se-
curity it pretends to, and not fail at the first critical mo-
ment; and second, that no other simpler and better means
exist for securing the desired result.

We found that the discharge of either or both closets
instantly broke the seal of an unvented S-trap whether the
soil-pipe were the full length or shortened to half its length
by opening the middle plug. When the falling water in
the soil-pipe produces the partial vacuum behind it as it
descends, if the soil-pipe extension above it is short and
closed at its top, the action is at its maximum because

With these great testing machines they showed the City Board
of Health of Boston some exceedingly interesting experiments,
which proved to that august body that their official ideas about
plumbing fixtures were in many respects entirely wrong. The Bos-
ton Socﬁty of Architects came a\so to see these experiments, and,
later, they were shown before the Suffolk District Medical Society
of Massachusetts. The fame of these investigators extended soon
to Europe; and an earnest request was made by eminent sanitarians
In England to allow the result of these investigations to be pub-
lished "there in the interests of sanitary sclence. This important
work of the laborato%' has been under the direction of Mr. J.
Pickering Putnam of Boston: and I am sure that his experiments
and investigations are the most comprehensive and thorough and
valuable that have ever been made on the subject of household
sanitation.” William E. Hoyt, C. E. S. B.. Chief Engineer of the
Buffalo. Rochester & Pittsburgh Rallway Company. in an address
on “Household Sanitation,” delivered before the Rochester Academy
of Sciences, Jan. 11, 1886.
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there is very little air to expand. If the pipe is short and
open at the top it is at its minimum. If it is long and
closed still the action is powerful, but if it is long and open
above, a medium effect is produced, and this was the con-
dition we had in these tests.

We next ventilated our S-trap with a vent-pipe the full
size of the bore of the trap. Leaving the soil and vent

1
—

| | 1
@ @ 72
Fig. 250. Apparatus for Trap Testing used at the Massachusetts
Institute of Technology.

pipes full length, we found three discharges of the two
closets was sufficient to destroy the seal. Thus we showed
that with the long stack of pipe our ventilation signally
failed. We next cut off half the bends and half the length
of both soil and vent-pipe, leaving a medium length of
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each of forty-five feet of new pipe, and we found that four
discharges of the two closets destroyed the seal.

In the next experiment we broke the seal with two dis-
charges using a 1%4-inch vent pipe, and afterwards broke it
with four discharges on shortening the vent to 15 feet.
This gave a shorter vent-pipe than we should ever be likely
to encounter in practice. Hence if the friction produced
in this short length of pipe is enough to prevent the effect-
iveness of the vent, anything longer than this would have
destroyed it still easier. This shows that our expensive
venting is utterly untrustworthy. In the Boston Board of
Health tests the same results were obtained by the dis-
charge of a single plunger closet.

The tests were made on a 2-inch by 4-inch Y. In our
experiments for the City Board of Health we were severely
criticized by “The Sanitary Engineer” for using a 4-inch
by 4-inch Y branch, which we were told, would produce
an action at least four times as powerful as the smaller
branch. In order to test this point we connected our waste
with the 4-inch by 4-inch branch shown immediately below
the 4-inch by 2-inch branch and made preparation to re-
peat the last test under the new conditions. We cautioned
the audience who were seated nearest the trap to hold
firmly to their seats, which had been tightly screwed to the
floor in order to prevent them from being sucked bodily
into the drains by the prodigious siphoning power of the 4-
inch by 4-inch branch claimed by “The Sanitary Engineer.”
On discharging the closets, however, we found no ap-
preciable difference in the two Ys, and the gentlemen in the
first row were then advised that they could confidently re-
lease their hold upon the furniture.

When the mouth of the vent-pipe has become partially
closed by the gradual deposit of sediment, the supply of
air through it is proportionally retarded, and it becomes
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less and less of a safeguard against siphonage. We had
made a great many experiments in this field and found the
resistance exactly proportioned to the size of the vent-pipe.

The stack of pipes shown in Fig. 251 shows a trap
vent pipe 125 feet long in a tall apartment house, which
in compliance with the building law I was obliged to specify.
As you see by the drawing the lavatories are placed over

Fig. 261. Trap Vent Pipe 126 ft. long in a tall Apartment House.

one another in such a position that the distance from their
traps to the main ventilated soil pipe is not over 18 or 20
inches. These short branch wastes were powerfully flushed
at each usage of the fixtures by a stream of water filling
them “full bore,” and discharging at the rate of nearly half
a gallon a second. Traps were specified which cannot by
any possibility be siphoned out, nor even have their seals
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seriously lowered. No better illustration of the wasteful-
ness of this requirement could be found. The owner in this
case lost over a thousand dollars for the privilege of serious-
ly endangering through evaporation, the water seal of every
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trap which is not kept constantly in use throughout the
hotel.

Fig. 252 shows the apparatus used in the Worcester ex-
periments, and Fig. 253 is an illustration of some of the
dangers incurred by the use of the trap vent-pipe.

A Y
s

pertlh oo

- Farst Floor

Fool ¥eni

)

Fig. 253. Trap Vent System in a Tall Bulilding.

The master plumbers of Worcester made some tests on
the apparatus shown here. The S-trap shown on the highest
branch was tested for siphonage, and its seal broken when

258



TrRAP TESTING APPARATUS.

ventilated through the 1)4-inch vent next the soil pipe, the
vent No. 2 being closed.

This cut (Fig. 253) was used to illustrate a paper on
trap ventilation I read before the Boston Society of Archi-
tects in 1891. The top of the vent-pipe is shown clogged
up by frost. One of the basin trap vents is trapped by a
sag in the pipe, and the mouth of the sink trap-vent is
clogged by grease. ,

In regard to the partial or total closure of the mouth of
the “back vent” pipe by grease deposits, it is not even neces-
sary that one should have had any experience in plumbing
work at all to enable him to realize the importance of this
item in condemnation of the back vent law. One would
" have to go back several eras beyond the dark ages to find
any one who had not observed how melted grease congeals
upon a cold surface and how tenaciously it adheres thereto.
The first savage who knew enough to roast his meat over
a fire and serve it on a stone was perfectly familiar with
these properties of melted grease, and would not have to
ask a “sanitary plumber” if it would deposit itself along
the walls of a cold waste pipe under a kitchen sink. Let
us reason at least as much as the primitive savage and find
out why the framers of our plumbing laws ignore these
simple lessons in physical science. Every plumber has seen
vent pipes fouled by greasy deposits, which often com-
pletely close up its outlet and sometimes fill it solid full for
several inches beyond its mouth.

It is sometimes urged that these deposits can, from time
to time, be removed. Evidently. But in practice this sim-
ple remedy is oftener neglected than observed, partly be-
cause the inside of the vent pipe mouth is usually rather
inconvenient of access; partly because whatever danger
there may be from such deposits is seldom announced to
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the house owner until it is too late; and partly because, as
a matter of fact, where a reasonably good form of trap is
used, a clogged vent pipe is, like a dead Indian, a safer and
better thing to have in the house than one which is free
and fully equipped for business.

In any case, it is beginning to be understood by students
of sanitary engineering who have as much as one eye open
that a device intended for protection, which requires more
watching than the thing it was designed to protect, affords
but a false sense of security, and in this instance often leads
to the use of traps which possess no power in themselves
to withstand the action of siphonage when the vent pipe
becomes inoperative. Therefore, when the public are com-
pelled to back vent all the traps, they are obliged to incur
also the expense of using antisiphon traps as well

Advocates of the back venting of traps will frankly admit
that traps having large unscoured areas, often called “cess-
pool” traps, like the old fashioned D trap, or very large
pot traps, are objectionable, especially under kitchen or
pantry sinks on account of the accumulation of grease and
dirt in these unscoured parts.

Now, the vent mouth opening, being entirely outside of
the waterway of the trap, must receive even less scour than
any part of the waterway of a cesspool trap. As a matter
of fact, the mouth of the vent pipe will clog much more
quickly than any part of a cesspool trap, because the warm,
fatty vapors are drawn up into the vent pipe and there de-
posit and congeal more or less grease along its cool sides
at varying distances above its mouth, thus adding to the
deposits caused by splashing and liquid contact. In short.
the mouth of the vent pipe forms an unscoured “pocket”
far more dangerous than any of those other pockets now
universally condemned, which constitute the one great char-

acteristic feature of all “cesspool” traps.
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Writers on plumbing who advocate “back venting” hold
that the simple “S” trap, being self-scouring, is the best to
use when protected from siphonage by back venting, and
they are fond of illustrating this “excellent” combination
by a diagram like our Fig. 254.

But these same writers are also fond of telling us that
cesspool traps, like the old fashioned D traps, or like large
“pot” and “bottle,” and all “mechanical” seal traps, having
large unscoured chambers in their waterway, are certain
in time to become more or less clogged, especially under
sinks, on account of these unscoured areas or “sediment
pockets,” and they explain correctly how they gradually
become converted into “S” traps by illustrations like Figs.
255 and 256.

Fig. 255. Fig. 266.

Fig. 257. Fig. 258. Fig. 269.
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They are perfectly right in the matter of the gradual
filling up of all unscoured pockets. Why, then, do they
so carefully avoid showing this clogging in the mouth of
the back vent pipe at the crown of the “S” trap? Under
what law of physics or chemistry, or by what miraculous
intervention or friendly influence has this, the most un-
scoured pocket of all, escaped contamination altogether,
when all the other pockets shown in the cesspool traps
have been packed full? And why do they always entirely
avoid showing the “back vent” pipe in their representations
of the befouled “cesspool” traps when they drag them out
to be soundly and very properly lashed by their criticisms?

A truthful representation of these various traps should
show them equipped with the back vent pipes required by
the present law, when they would appear as in Figs. 257
to 259, inclusive.

The public have been hoodwinked so long by the misrep-

resentations of these writers that we sometimes feel like
doubting the famous assertion of Abraham Lincoln that you

can not deceive “all the people all the time.”

For an intelligent nation like ours to have swallowed the
“back vent” humbug for a quarter of a century in this pro-
gressive age seems dangerously near a refutation of the
saying we have always taken such pride in quoting.

The best and perhaps the only way to prevent grease ac-
cumulations in traps and throughout the entire waste pipe
system is to require the use of fixtures everywhere con-
structed on the principle of the flush tank.

The result of the reading of this paper was a unanimous
vote on the part of the Boston Society of Architects to
forward to the proper city authorities a recommendation
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to repeal the back vent law. A committee was appointed
and counsel employed to attend to the matter. The efforts
of the society, however, in this direction have never met
with success, and they have not ascertained with entire
certainty from what source the opposition came.

Fig. 260. Complicated Piping in a House on 6th Ave., New York

The next two cuts present a few illustrations of unneces-
sary complication in plumbing. The first (Fig. 260) shows
the piping of a slop sink in a house lately built on Fifth
avenue, New York. The sink forms one of four built over
each other in successive stories, and all the pipes shown
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in the drawing are built for their service. Each sink is
vented just below its strainer into a large galvanized iron
ventilating flue. The trap is vented into a 3-inch cast iron
flue. A lead safe is used under the sink at the floor and
connects with a 1}4-inch iron pipe leading to the cellar.
So much for a slop sink.

No expense has been spared to render the mechanical
part of this job perfect, and it is, in fact, a very beautiful
piece of workmanship. Yet it is not good plumbing. In
the first place the trap seal is trebly besieged for evapo-
ration. In the second place no proper means of flushing
the apparatus has been provided. In the third place the
outlet and trap vent pipes, which both enter cold flues, are
worse than useless. In the fourth place the safe and its
waste pipe are superfluous; and in the fifth place the whole
fixture is an unnecessary nuisance in a private house. Even
where a proper flushing rim is provided for slop-hoppers
servants will not make proper use of it, and the fixture soon

begins to emit a disgusting odor

I have added a house trap vent pipe and an interior rain
water conductor, because these are common accessories.
To be consistent the lead safe waste pipe should also be
vented, for if it is ever to come into service at all its service
will consist in carrying off dirty water. A trap at its bot-
tom will inevitably soon have its stagnating seal evaporated
out, and air from the basement will rise through it into
the rooms, carrying with it the impurities coming from the
entire length of the pipe. With a simpler system of plumb-
ing one of the chief objects of a safe and its waste pipe
would be eliminated, and this item of expense, complication
and danger would be avoided.

The next cut (Fig. 261) shows a portion of a wash basin
and bath-tub in another New York residence. Part of the
casing has been removed to show the work. What wonder
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that the poor plumber makes his frequent and serious blun-
ders in the connection of his pipes—'‘by-passes’’—so called !
What wonder that the unhappy house owner becomes utter-
ly discouraged at the sight of all this confusion, and thence-
forth resolves to make it his chief mission in life to dis-
suade his friends from indulging like him in the luxury
of set plumbing!

The money thrown away on all this worse than useless

Fig. 261. Complicated Plumbing in another New York Residence.®

piping should have been devoted to obtaining stronger and
better fixtures, setting them in a handsome and workman-
like manner and cooperating with the city fathers in in-
stalling a scientific and beautiful system of street sewers.

Finally Fig. 262* shows in perspective still another illus-
tration of the extravagances complication has introduced
into plumbing work. It is from a house in New York City
and this one part of it contains 72 joints. In another place
I shall show how better results could have been attained
with 16 joints.

Another illustration of trap testing apparatus upon which
interesting experiments on siphonage have been made is
given in Fig. 263. This apparatus was used at the Museum

*Figs 261 and 262 from “Safety in House Drainage,” by W. E.
Hoyt, C. E., in Pop. Science Monthly for July, 1888.
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of Hygiene, U. S. Navy Dept., at Washington, and they
showed substantially the same results as the experiments
already described.

We see in Fig. 264 again some of the many ways in which
the back vent pipe fails especially in the modern “sky-

Fig. 262. Complicated Plumbing in a New York Residence.

scrapers.” Clogging with grease is shown over the sink
trap in the top story, which is now known to be so very com-
mon. At every quick bend under a long vertical run of
iron vent pipe rust is certain to collect in large quantities
as shown in the basement. A comparatively small amount
of flaking-off of rust or sediment in such a place, especially
with such tall stacks, may quickly destroy the efficiency of
even the largest-sized vent pipes. Sagging, as shown higher
up on the tenth story, is another frequent cause of failure.
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Water and sediment collect in the sagged portion, and fail-
ure is the result. Finally hoar frost and snow often close
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F1g. 263. Apparatus for Trap Testing Used at the Museum of
Hyglene at Washington.

the upper opening of the pipe above the roof, producing
again failure. When the main house trap is omitted frost
cannot accumulate at the top of the main soil pipe because
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the warm air of the sewers will then constantly rise through
the pipe and would melt any snow as fast as it could form.
But the back vent pipe could not be so protected when it
ascends independently through the roof. . The introduction
of an intercepting trap at each building destroys the only
practical and effective method now known of ventilating
the sewers and rendering the air within them absolutely in-
nocuous. Hence this trap becomes the sole creator of the
nuisance it was designed to prevent.

The chances of leakage in the back vent pipe are evident-
ly increased in proportion to the increase of piping, and,
what is more important still, no water flush passes through
the vent pipes to announce to the eye the presence of leaks,
and consequently the mischief may go on without the
knowledge of the occupants.

It does not seem to occur to our lawmakers that a back
vent pipe between thirty and forty stories high would have
to be enlarged so much to offset friction as it climbed up
from story to story that there would hardly be any room
left in the upper stories for the occupants unless they
planned to do their business inside the pipe itself. An en-
largement such as is shown in our cut, which is simply
taken from the sizes required in common practice, would
be ridiculously inadequate. The modern skyscraper is per-
forming at least one useful service in bringing the back vent
law to a “Reductio ad absurdum.” Thus it may be said
that the rolling mill is codperating with the microscope in
revolutionizing the practice of sanitary engineering, since
to the latter we owe the discoveries in bacteriology which
have, almost within the last decade, sufficed to fundamentally
alter our views as to the nature and proper treatment of
sewage; and to the former the astonishing development of
high building which is opening our eyes to the folly of over-
complication.
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Thus one evil involves another. Unnecessary complica-
tions exact others which are necessitated by them, and a
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departure from the all-important rule that “other things
being equal the simplest is the best” is certain to result
in an endless train of cares and troubles.
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The next figures show the apparatus used by S. Stevens
Hellyer of London* in 1882 for testing traps for siphon-
age. Three slop sinks were fitted up with 1}4-inch cast
lead traps, as shown in Fig. 267, and attached by 1}4-inch
branches to the main vertical waste pipe, also 1}z-inch in
diameter. A pailful of water thrown into the upper hopper
siphoned 34 of an inch out of each of the two lower traps.
Another pailful unsealed them. When the air pipe at the
top of the main waste pipe was stopped up this discharge
of the top sink also siphoned its own trap.

Mr. Hellyer then ventilated each trap as shown by the
dotted lines, and repeated the tests. This time scarcely a
sixteenth of an inch appears to have been drawn out of the
lower traps, although the water was vibrated in them.

With a trap at F at the bottom of the stack, back pres-
sure was so great at the lower sink trap that it forced a
spray of water 12 or 18 inches from the trap out into the
sink.

Fig. 268 shows another arrangement used by Hellyer in
his experiments. The perpendicular main waste pipe was
here 2 inches in diameter and had three 2-inch branches,
the upper for a bath, the middle for a slop-hopper and
the lower for a wash basin. The middle branch had also
several different sized traps on it.

When the traps were not ventilated each of them could
be unsealed by .the discharge of the bath tub. Indeed all
four of the lower small traps were unsealed at once, but
these ventilated the large trap on the middle branch and
protected it partially. But it also lost an inch of its seal.

When the traps were ventilated, as shown by the dotted
lines, only one trap lost any water. This was the trap U,
which lost 14 of an inch.

* “Lectures on the Science and Art of Sanitary Plumbing,”
London, 1882.
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(7) Had he known the inevitable consequence of the law
in introducing unintentional defects and by-passes, mistakes
which have alone vastly more than offset any possible ad-
vantages back venting could provide.

Mr. Hellyer would have found several other very serious
objections to trap venting which I have referred to in other
places.

Mr. Hellyer’s conclusions and recommendations resulting
from these experiments were that every trap should be
“back vented,” and it is probable that this hasty conclusion
and the wide circulation his publications enjoyed are largely
responsible for the tremendous mistake of the trap vent law,
a mistake which, regarded from the standpoint of pecuniary
loss alone, has already cost the public hundreds of millions
of dollars.

Mr. Hellyer would have found his vent pipes would have
failed to protect the trap seals under any of the following
conditions :

(1) Had the vent pipes been partially reduced in area
by sediment deposit at the bottom or by frost at the top, or
by rust anywhere in its length.

(2) Had the overflow pipe of the bath tub been plugged
as is very frequently the case.

(3) Had the modern siphon jet or other closets having
a strong and rapid flush been used in the tests.

(4) Had the vent pipe been very long and rough or
contained an unusually large number of sharp bends.

(5) Had the experiments been prolonged sufficiently to
try the effect of evaporation in the trap seals produced by
the ventilating current.

(6) Had he investigated capillary action.
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It must be borne in mind that the value of our tests
lies in showing not only the absolute but also the rela-
tive power of resistance of unventilated anti-siphon traps
and the ventilated S trap. In making a comparison
it would not be sufficient nor conclusive to show that
unventilated anti-siphon traps are as efficient as the
vented S under certain moderate strains. Their value can
-only be fully demonstrated when it is shown that they are
superior to the vented S, not only under moderate but under
every possible condition that can be encountered, and even
under strains greater than are met with in ordinary prac-
tice, and clearly the larger the range of tests the more con-
clusive the comparison. We should be justly open to criti-
cism if, in making our tests we stopped anywhere short of
a thoroughly comprehensive and exhaustive comparison of
all forms of traps under every form of strain, from the
mildest to the severest which could be applied.

We have found that a single discharge of about four gal-
lons from our tank was able to break the seal of our 14-
inch S trap with a 14-inch clean new vent pipe only 6 feet
long and having upon it a single return bend. And we
found that the same trap could be siphoned out by two such
discharges with a 6-foot vent pipe roughened on the interior
surface as by rust even without any bend at all on the pipe.
This test was made with the air pipe under the tank valve
closed as by sediment or frost. Our air pipe takes the place
of a ventilated trap under a bath tub, to which our tank
corresponds. The overflow to the tank was closed as is
sometimes done with the overflow pipe of bath tubs.

We then tested the vented S, with the air pipe open, and
found that its seal could be broken by two discharges of

four gallons each, the length of the trap vent pipe being
18 feet and having two return bends.

Now it is not necessary for us to show whether or not
this strain was more severe than was ever possible in |
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plumbing practice, because our chief purpose then was to
compare the vented S with other traps unvented, and we
found in our experiments that our g5-inch pot trap was
able to withstand without loss of seal more than a dozen
discharges made under precisely the same conditions as
were applied to the vented S, including the very severest.

The superiority of the large sizes of our unvented pot
traps over the vented S in the matter of resistance to

Fig. 278.

siphonage was, therefore, absolutely demonstrated under
conditions in which the whole apparatus was comparatively
new.

Our contention is, then, that an unvented pot trap of
large size is safer as a protection against siphonage than
a vented S, and that the former will retain its power of
resistance to siphonage longer than the vented S. In
places where grease or other sediment is liable to collect
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in the scouring waterway of traps, it is still more liable
to collect in the unscoured mouth of the vent pipe, and
the pot trap cannot be clogged by frost, whereas the vent
pipe can and often is so closed.

In every other respect the superiority of the unvented
anti-siphon trap system over the vented S system is too
evident to need further discussion.

Each state board of health should be equipped with
some simple form of testing apparatus like that shown in
Fig. 271 or like the pneumatic apparatus recently devised
by the writer and shown in Figs. 272, 273 and 273a.

They may be made by any plumber or coppersmith with-
out difficulty in a few days. A very considerable economy
can be realized if several duplicates of the apparatus are
made at the same time.

In all the demonstrations in siphonage of which I am
aware up to the present time, the tests have been made
by hydraulic apparatus, such as have been herein exempli-
fied. But of late I have found that a pneumatic apparatus
permits of a much greater accuracy of determination, espe-
cially in making comparative tests. By using a suction
pump, as shown in Figs. 271, 272 and 273, we are able
to reproduce at will any degree of rarification in the soil
pipe desired to correspond with the varying conditions
encountered in plumbing practice, as well as strains far
beyond the usual ones for the purpose of comparing dif-
ferent traps and systems of plumbing with one another,
and a vacuum gauge enables us to apply precisely the same
degree of vacuum to every trap tested, so that results of
great accuracy and scientific value are obtainable.

Of course, it will be objected at first thought that the
pneumatic test does not reproduce in actual form the pre-
‘cise phenomena encountered in ordinary plumbing work,
but a little reflection will show that the results are identical
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so far as they affect our inquiries. The agency which
produces siphonage is the partial vacuum in the soil pipe,
and this rarification is effected by the rapid movement of
a piston. Whether the piston be in the barrel of a pump
or whether it be in the soil pipe itself is altogether im-
material so far as concerns the effect of the partial vacuum
on trap seals. The pneumatic apparatus possesses the great
advantage over the hydraulic of enabling us to vary the
force of the strain applied to the traps to any extent de-
sired, while only one degree of rarification can be obtained
by the falling water plug in any one plant. The siphoning
action in both cases is extremely rapid, almost instantaneous.

In the case of the falling water piston, the action takes
place in the flash of time required for the piston to pass
by the small mouth of the branch waste pipe serving the
trap. A fraction of a second suffices for this.

In the case of the air pump apparatus the speed of the
action is measured by the time it takes to move the valve
lever connecting this branch waste pipe with the soil pipe.
This requires but a fraction of a second, and the speed may
be regulated to correspond accurately with the hydraulic
action. Moreover, a vacuum gauge may be applied to the
soil pipe in both kinds of apparatus and thus the action
may be proved to be in both cases identical in speed, power
and effect. The duration of the siphoning strain may be
increased by increasing the size of the mmain pipe represent-
ing the soil pipe from which the air is to be exhausted.

In order, however, to be satisfied as to the similarity of
the effect produced on the gauge and trap seals, one has
only to have erected side by side apparatus of both kinds,
as the writer has done before several audiences, and it will
be found that when the vacuum gauge registers the same
degree of rarification in both soil pipes, the effect on the
traps in each is the same.
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It is possible on our pneumatic apparatus to produce a
strain equal to a vacuum of twenty-six inches, and yet we
find the large sizes of drum traps and other anti-siphon
traps capable of resisting, unvented, this strain even many
times repeated without refilling. The first application of
the strain lowers the seal considerably, the second and third
less, and thereafter subsequent applications without refill-
ing have little effect upon it, and finally a point is reached
when no appreciable further reduction can be attained,
however often the strain is repeated

The vented S trap, on the other hand, is incapable of
resisting a vacuum of a single inch when the vent pipe is
long and crooked, or when it is partially roughened or
closed by deposits. A few inches of vacuum will destroy
its seal even when the vent pipe is new and clean and as
“short and straight as it is possible to make it in practice.

The apparatus shown in Figs. 271 to 273 inclusive are
easily and cheaply constructed of brass tubing, polished
and nickel plated, with a vacuum pump constructed
with special accuracy so as to enable it to produce and
maintain a vacuum as perfect as is possible. There is,
therefore, no excuse for any board of health or plumb-
ing inspector’s office to be without such a plant, be-
cause its use would demonstrate the folly of the trap vent
law and save to the citizens, by its repeal, more than the
entire cost of the apparatus in a single good-sized building.

Fig. 273 is a very small, compact form of portable ap-
paratus devised by the writer for lecture service. It meas-
ures less than two feet in height and if constructed of alumi-
num may be very conveniently transported by hand in 2
canvas or light leather case.

A simple hydraulic apparatus may be constructed and
used side by side with the pneumatic outfit where it is
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desired to demonstrate the identity of the results pro-
duced by the two systems. But, as before said, the use-
fulness of the hydraulic plant is limited to a very narrow
range of tests and it is less accurate and comparatively
unscientific. It involves, moreover, the consumption of a
very large amount of water where the pneumatic plant
can be operated without any expense whatever.

Fig. 273a.

Fig. 273a represents another form of apparatus for lec-
ture service. Its action is entirely automatic. A small
electric driven pump shown at the lower tank raises the
water continuously from this to the upper tank by the elec-
tric current taken from an ordinary electric light fixture,
through the small pipe shown at the left side of the tanks.

When the upper tank if full it discharges automatically,
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and its discharge operates alternately the valves connecting
the traps with the central waste pipe so as to produce upon
them the siphoning action, and thus makes simultanecusly
a comparative as well as an absolute test of any traps de-
sired. The central ratchet wheel governs the siphoning
and refilling of the traps. The action continues as long as
the current is kept on, and the tests are thus made at a
minimum of expense with a maximum of convenience.

With either of these simple forms of testing apparatus
one stands entirely independent of outside testimony as to
the relative efficiency of the trap venting and of the anti-
siphon systems, and can see for himself in a few minutes
the truth in such controversies as have been published, rela-
tive to the Worcester tests, for instance.

There is no excuse whatever for any doubt in the mat-
ter, and no one thereafter would dare to publish any in-
accurate or misleading statements in this very important
domain, knowing that any board of health or building in-
spector’s office can authoritatively refute such misstate-
ments at once. In order to make the tests of the efficiency
of different traps on our pneumatic apparatus, it is neces-
sary to first close all the stop cocks shown in the drawings
by wheel or lever handles between the traps and the main
pipe, and exhaust the air in this pipe by means of the
vacuum pump, until the vacuum gauge shows the degree
of rarification desired to correspond with what would be
encountered in any case of plumbing to be represented.

After filling the traps with water, one opens the stop-
cock between the trap to be tested and the pipe system, so
as to allow air passing through the trap to break the par-
tial vacuum therein. This air will follow the path of the
least resistance. In the case of the S trap the special air
vent pipe is provided between the trap seal and the waste
svstem under the supposition that it will present an easier
path for the air than the trap itsclf, in which the water seal
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might be expected to afford greater resistance to the air
passage than the friction of the sides of the vent pipe.

The apparatus shows that this is not the case. The
ordinary lavatory S trap is shown on the right-hand side
of the apparatus vented at the crown with a “back vent”
pipe the full size of the bore of the trap, and of consider-
able length, but having openings at different points pro-
vided with stop valves to show the effect of longer or
shorter vent pipes in plumbing work. The longer the vent
pipe and the greater the number of bends in it, the greater
the obstruction by friction to the passage of the air through
it, and the lower its efficiency as a means of protecting the
trap seal from siphonage.

It is evident, therefore, that the degree of vacuum in the
pipe system required to break the seal of a vented S trap is
inversely proportional to the length and diameter of the vent
pipe, and our apparatus is designed to show the effect of
any possible degree of vacuum on any possible length and
size of vent pipe, and it will again be seen on this apparatus
that the seal of an S trap can be broken by a vacuum con-
siderably below that which may be obtairéd in ordinary
plumbing practice, even when the trap has a perfectly clean
vent pipe of moderate length, provided a few bends are
introduced in running the vent pipe.

If the friction is increased by more or less clogging the
siphonage is by so much easier.

The only weak point in the employment of the ordinary
unvented “pot” or “drum” trap of large size as a substitute
for the system of back venting is that such a trap is not
self-scouring.

This weak point is referred to by advocates of back vent-
ing as sufficiently important to justify the condemnation
of the whole system of unvented trapping.
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We have explained the fallacy of this argument by show-
ing that the vent pipe is still less self-scouring, and that,
once clogged, it can not be so easily cleansed. . Neverthe-
less, it must be admitted that the cesspool element in all
reservoir traps is a very undesirable feature, and that not
the least of its objections is the fact that it furnishes the
opposition with an argument, however inadequate, against
the use of the simpler system of plumbing.

Moreover, the use of cesspools in a system of house drain-
age is contrary to the first principles of sanitary engineer-
ing, and an evil which may be of comparatively slight im-
portance when confined to the small proportions of a single
fixture trap, becomes of very great importance when multi-
plied by thousands or hundreds of thousands in the complete
drainage system of an entire city or town.

It is also perfectly true that the clogging up of the ordi-
nary drum trap converts it in time into an S trap, and
completely deprives it of its anti-siphon feature. So long
as it is allowed to remain clogged, a system based upon the
use of such traps loses its efficiency and, however far su-
perior it may be to the “back vent” system, it can not yet
lay claim to permanent efficiency with automatic action.

Hence it is all-important to know if the cesspool element
of the common anti-siphon trap can be eliminated and the
self-scouring property-of the simple S trap or of a straight
piece of smooth pipe of equal area can be combined with
the anti-siphon quality of the ordinary drum trap.

For over a quarter of a century persistent and untiring
efforts have been made to attain this combination, until at
last it became generally believed that the two requirements
were really antagonistic to one another, and that the solu-
tion, therefore, was as impossible as the discovery of flexible
glass or transparent rubber, a large body of water and a
deep seal being assumed to be necessary to withstand siphon-
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age and the exact reverse being needed to produce the
maximum of self-scouring effect.

It was found that resistance to siphonage increased with
the increase of water head in the seal of the trap, and it is
sufficiently evident that even in an S trap a seal deep enough
to balance the weight of the atmosphere, say 32 feet, would
be able to resist any siphoning action which could be brought
to bear upon it, since Nature's abhorrence of a vacuum
ceases under a water pressure of 32 feet. Accordingly, the
idea has prevailed that depth of seal is an essential quality
in anti-siphon traps, and nearly all such traps have been
and are being constructed on this assumption.

_ It has been clearly shown that this idea is fallacious, and
that exactly the reverse is essential to meet all the require-
ments of the problem.

It does not follow that because a depth of seal of 32 feet
is capable of resisting completely siphoning action, there
is no other equally efficient manner of accomplishing the
same result without the objections attending the perpendic-
ular form.

These objections are, first, the impossibility in practice
of finding sufficient room under a fixture to give an unvented
S trap the depth of seal required for adequate protection
against the strongest siphonage encountered in plumbing
practice. Four or five feet of such seal would be essential
in an unvented S trap for entire safety. I have broken the
seal of such a trap nearly six feet deep on different forms
of apparatus.

Secondly, the resistance to the outflow and consequently
the lowering of the scouring effect of water through the
use of so deep a trap, and, finally, the prohibitive cost of
its manufacture and installment.

Fortunately, there is another method of overcoming
siphoning action besides that of opposing direct resistance
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thereto, namely, the diametrically opposite one of reducing
the resistance to.a minimum. This is accomplished by
forming the shallowest possible seal, but constructing the
trap in such a manner that the seal shall simply move to
one side for a moment and allow the air of siphonage to
pass, and then return to its place. It is an application of
the principle which gives success to the reed in competition
with the oak. It bends to the storm and rises again when
its fury has passed, while the oak is shattered by its oppo-
sition.

Nor does it follow, fortunately, that because a seal is
very shallow it must on that account be a correspondingly
weak one. As I have shown, a trap may be constructed in
such a manner that the shallowest possible seal may have
a strength so great as to be absolutely irresistible. A seal
a quarter of an inch deep may be made in such a way as to
withstand indefinitely the severest test of siphonage, back
pressure, evaporation and all other adverse influences to be
encountered in plumbing. It will withstand unvented a
strain of siphonage powerful enough to destroy the seal
of a fully vented S trap or of a drum trap of the largest
diameter.

In my various experiments on the behavior of different
sizes and forms of drum traps when subjected to siphoning
action, I have found their resistance to be in direct propor-
tion to their diameter rather than to their depth of seal.
Indeed, the latter has, within the narrow limits practicable
in construction, no appreciable influence whatever.
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CHAPTER XVI. .
SELF-SIPHONAGE AND MOMENTUM.

SELF - SIPHONAGE takes place
when the waste water flows through
the trap ““full bore” from the fixtures.
As usually constructed, wash basins
have outlets far too small in propor-
tion to the size of the waste pipe and
trap. The strainer cuts off a consid-
erable portion of the passageway,
and the hairs, lint and other sediment

which soon invariably collect on the strainer cut off another

large portion, leaving an outlet sometimes not more than
equivalent to a 15-inch or 34-inch pipe. The waste pipe and
ordinary S trap are usually 1Y5-inch or 1%4-inch in diameter,
so that the stream of water admitted to flush and scour
them is reduced to less than a quarter or a sixth of their
capacity, and we wonder why our trap and waste pipes
are never thoroughly scoured. An S trap is no more self-

cleaning when the water stream admitted is less than a

quarter or a sixth of its capacity than would be an ordinary

pot trap having a stream of the same size relatively to
itself passing through it. In other words, a 1%4-inch S trap

attached to a Y4-inch waste flowing “full bore,” or to a
waste having a Y4-inch inlet, is no more self-scouring than
would be a 3-inch pot trap attached to a 1-inch waste also
flowing full bore, and therefore such an S trap becomes

practically then a ‘“cesspool” trap.

This is a consideration of great importance, but one
which appears generally to be lost sight of, and our plumb-
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ing laws are defective in not recognizing it. It is one of
the principal causes of the collection of sediment in branch
wastes and ordinary S traps which have a false reputation
of being universally self-scouring. They are evidently only
so when properly set, and when the waste water from the
fixture is permitted to flow through them rapidly and
“full bore.” It cannot pass rapidly “full bore” unless the
outlet and strainer give an open waterway as great or
greater than that of the waste pipe and trap. It should be
greater in order to allow something for friction and sedi-
ment. A trap having a very deep seal retards too much
the rapidity and strength “of the water current passing
through it; hence it should be made as shallow as possible
consistent with other requirements.

Assuming, now, that we have properly set our:trap in
such a manner that a rapid stream of water passes through
it full bore wherever the fixture is used in a legitimate
manner, we shall find that, where an S trap is used, a
siphon is formed by the outflowing waste water, which,
without ventilation, breaks the seal of the trap. Hence the
vent must be placed either at the crown or near enough to
it to break the longer leg of the siphon. The momentum
of the falling water assists the action of self-siphonage,
and it is necessary for perfect protection against these two
forces to vent very near the crown.

To make a practical test of the truth of this I had a
wash basin fitted up with an outlet large enough to fill a
115-inch waste pipe and S trap full bore. Through this
outlet the basin was emptied in 234 seconds, and the seal
of the trap was completely destroyed by the siphonage and
momentum of the falling water. The trap was an ordinary
cast lead trap, having the usual seal of 114 inches, and
was connected with a waste pipe of the same size with
the bore of the trap. With a waste pipe very much larger
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or smaller than the bore of the trap the seal is not so
easily broken by self-siphonage, for obvious reasons.

SEDIMENT CoLLECTION IN S TrAPs CONVERTING THEM
INTO CESspooLs.

In order to ascertain if the smallness of the outlet of a
fixture could actually convert an S trap into a cesspool
trap, as I have above asserted, and to study the effect of
ventilation in removing deposits from cesspools, I have
made a number of experiments on sediment collection and
removal. I believe all unprejudiced and well-informed sani-
tarians now admit that the special vent pipe is no longer
to be recommended as a protection against siphonage, for
the reasons I have mentioned. All admit, however, that
the main stacks of soil pipe should be thoroughly vented
at head and foot. The object of this is to dilute the
gases of decomposition to such an extent as to render them
as harmless as possible, and then to remove them from
the premises. Liberal ventilation hastens somewhat the
oxidation of the foul matters in the pipes, but not enough
to form an active agent in removing solid impurities.

There has been nevertheless a great deal of misunder-
standing and idle theorizing on this subject among writers
and practitioners in sanitary plumbing. There are advo-
cates of indiscriminate venting who profess a preference
for air pipes even to a thorough water scour, the most
radical ones going so far as to affect for the latter com-
parative indifference, saying, “If compelled to choose be-
tween oxygen and suds, we should give the former prefer-
ence every time.”*

Let us now, therefore, abandon theories and authorities
and seek for facts to guide us in forming an independent
judgment on this very important question. The only ques-
tion, then, now in dispute is: Do traps and branch waste

¢ James C. Baylles in the “Sanitary Engineer.”
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AUTHOR's EXPERIMENTS ON SEDIMENT REMOVAL BY AIR
FLusHING.

pipes require the application of special vent pipes to pre-
vent an accumulation within them of solid deposits and
corrosive gases?

The first experiments were made on solid and the second
on gaseous impurities. Under the first heading it was
necessary to determine, first, if and to what extent the
removal by oxidation of the refuse matters in our waste
pipes goes on under a ventilating current under the vary-
ing conditions possible in practice; second, at what rate
the accumulation of sediment or solid deposit goes on under
the same circumstances; third, to what extent a water
scour is able to prevent and remove solid deposits without
the aid of the special vent pipe; and fourth, to what extent
traps and branch waste pipes are self-ventilated without
the aid of the special vent pipe in good plumbing practice.

The first tests were made as follows:

I had pipes evenly coated with deposits found in house-
drain pipes and under the conditions met with in ordinary
practice, and made, first, a series of extremely delicate and
careful experiments to determine the value of air currents
in pipes as a scouring agent.

The maximum rate of this scouring or cleansing was
first ascertained by performing the tests under all those
conditions which are found to be most favorable to it.
Thus the rate of oxidation is greatest when the ventilating
current is most rapid, when the temperature is highest and
when the largest surface is exposed to the current.

The first experiments were, therefore, performed under
these conditions. The waste pipes used were of the diameter
of ordinary branch wastes, 14 inches, and were 6 inches
long. They were connected with a heated flue by means
of an ordinary 1%-inch vent pipe in the manner usual in
practice, so that the ventilating current should traverse
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the pipes to be tested from end to end. The time of the
year was in midwinter, in January and February.

The pipes were uniformly smeared on the inside with
substances found in house drains, using in some common
soil from a soil pipe, and in others soap solutions found
in lavatory wastes. The deposits were first thoroughly
dried in the pipes in order to enable them to be accurately
weighed in the laboratory, and they were afterwards mois-
tened three times a day throughout the tests, about as they
would be in ordinary practice.

The weight of the deposit in the pipes containing soil
was 3.652 grains. That of the lavatory waste was 3.1685
grains. The deposits were then thoroughly moistened with
clean water applied with a dropping tube and the pipes
connected with the ventilating flue. The velocity of the
air current passing through them was then accurately meas-
ured and found to be very strong, averaging 8 feet a second,
and this velocity was maintained throughout the whole
series of tests by means of a stove connected with the
main flue, into which the ventilating flue opened. This
movement is evidently as rapid as would ever be met with
in plumbing practice. The thermometer at the pipe during
the tests averaged about 80° F.

Great care was taken throughout to insure that no foreign
substance whatever should get into the pipes tested. No
dusting or sweeping was allowed in the rooms and only
pure water was used to moisten the deposits. An evapora-
tion of the water used would show a weight of bacteria
and other solid matter too small to be detected by our
scales. In short, every precaution was taken to obtain
reliable results.

After an exposure of a week, under these conditions, to
the air current, the pipes were again placed in the air bath
for an hour, and the deposits in them thoroughly dried at
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a temperature of 230° F. Upon weighing, it was found
that both deposits had gained in weight. The soil had
gained 0.4955 grains and the soapy mixture 0.0130 grains.

The tests were then repeated under the same conditions
for a second week. This time the gain of the soil was re-
duced to 0.4775, and the weight of the lavatory waste was
increased to 0.0315 grains.

The bacteria of decomposition and nitrification had evi-
dently not put in their most effective work, and it is prob-
able that the conditions as to light and moisture were not
favorable for it. So far the air passed through the pipes
was pure air from the room. In the next experiments the
ordinary air from the house soil pipe was used and its
velocity was 7 feet per second. At the end of a week the
soil had lost 0.0575 grains and the lavatory matter 0.0352
grains, which was equivalent in the first case to 1-70th of
the entire weight of the deposit and in the second to 1-100th
part. Either of these amounts dissolved in water and spread
uniformly over the surface of clean pipes of the size of
those used was found to be altogether imperceptible to the
eye, and the complete purification of these pipes by ventila-
tion under the most favorable circumstances would at this
rate require from-70 to 100-weeks, or from 14 to 2 years,
supposing there were no addition made to the deposit during
the interval through use of the fixture.

We then made the tests with the deposits kept dry as
might be the case in pipes under fixtures temporarily in
disuse, with approximately the same results, and from all
the experiments we reached the conclusion that the solid
deposits in the interior of soil and drain pipes are removed
so slowly by the oxidation produced by ventilation as to be
practically valueless.

The second point investigated, namely, the rate of accu-
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mulation in pipes of deposits in ordinary plumbing, re-
quired no special experiments. We have ample data in
our everyday experience in plumbing. Considering, first,
the worst conditions, namely, those of the cold waste pipe
from the ordinary kitchen or pantry sink, we know that
the accumulation of grease in these will be so rapid as to
entirely clog up the pipes in a short time where special
precautions are not taken to flush out the pipes from time
to time with hot water or some solution of caustic alkali,
or where sinks constructed on the principle of an automatic
flush tank to be hereafter described.are used. So far as
the ventilating current is concerned, however, its well
known and generally admitted tendency is to congeal the
grease and increase the clogging rather than to diminish it.

Consider next the case of an ordinary soil pipe. We find
that the tenacious soil will adhere stubbornly to the pipe in
masses where it strikes until it is washed away by a power-
ful fall of water, and that it is not equally distributed in a
thin film all over the surface. Parts will be found which
are never touched by the waste matter, and parts which are
alternately fouled and then scoured clean again. Generally
large masses of deposits will be formed in the cavities of
the joints or in holes in the castings. In short, the deposits
in soil pipes are not slowly distributed favorably for oxida-
tion, but are formed in lumps suddenly, and are either as
suddenly removed by the flushing water or are deposited in
cavities which largely screen them from the influence of
the ventilating current, and therefore in this case also the
influence of aeration in removing the solid matter is com-
paratively very slight. The accumulations of heavy matter
will continue in time to increase until they leave an opening
only large enough to allow room for the ordinary water
flushing stream to pass.

. Tdke next the waste pipe from a lavatory. We find the
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solid deposits here of two kinds, one collecting in clots or
masses in corners or unscoured areas, as lumps of soap,
hairs, lint, etc., and the other coating the pipes in thin films
as of soap-suds. The former are deposited suddenly, and
are either swept away by the water or caught in the un-
scoured cavities and remain there, partially screened from
the air current, until other similar substances accumulate
above them. The ventilating current, therefore, can have
no appreciable effect in removing these masses of matter.

Where, on the other hand, the traps and waste pipes are
so constructed and flushed that no such masses can collect,
the only kind of deposit that can form in the interval be-
tween the flushing will be of the second kind, namely, a
thin film of matter like soap-suds, and this the next dis-
charge will remove.

It remains to be seen what effect a powerful water flush-
ing has on these deposits, and this brings us to our third
consideration.
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WATER FLUSHING.

of the relative value of a thorough
water and of the greatest possible air
flushing, the same pipes, tested as
already described under the air cur-
rent, and containing identically the
same deposits, were next tested un-
der a good water flush. They were
attached to a properly constructed
lavatory, as shown in Fig. 275, and
Fig._276. Experiments cold water was discharged through
on Water Flushing. .

them in the usual manner. Although
the deposits were dry and hard, they were almost entirely
washed away after ten discharges. After fifteen discharges
the amount of deposit left on both pipes was less than half
a grain. When the substances were soft on the application
of the test they were removed at once and entirely by a
single discharge.

From these investigations we have found that the water
flushing was infinitely more rapid and thorough in its
cleansing power than the air flush. Now there is nothing
to prevent every lavatory from being so constructed as to
properly flush the waste pipes at each discharge. In fact,
there are a great many reasons why it should be looked
upon as an absolute necessity in good plumbing.

Hence special trap and branch waste vent piping is, for
the purpose of removing solid deposits, not only inefficient,
but also entirely unnecessary.

We come now to the fourth consideration:
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SELF-VENTILATION OF TRAPs AND BRaANCH WAasSTE PipEs.

But supposing it had been shown that special trap ventila-
tion were necessary instead of the reverse, it would still
be superfluous to apply the special vent pipe, because the
ventilation in proper plumbing is thoroughly accomplished
without it, and in several ways.

If our main stacks of pipes are open above and below,
as they should be, and thus thoroughly aired, the branch
wastes will be ventilated in the first place by the well
known law of the diffusion of gases.

In the second place, a movement of fluids up or down
the main stack creates in the branches suction strong
enough sometimes even to destroy the seal of ordinary traps.
This suction, be it strong or feeble, always produces an
interchange of air in the branches.

Finally, a third and still more important way in which
natural aeration is produced is by the usage of the fixture
itself. Every time the water is discharged a column of
pure air is drawn from the room into the waste pipe after
the water column. Everyone has observed how the air
follows the water, and is drawn through it in the form of
an inverted cone or funnel, generally with a loud sucking
noise. When the fixture is properly constructed, with an
outlet large enough to fill the waste pipe “full bore,” a
column of air equal to the size of the water column is
drawn after it, completely filling the waste pipe with pure
air from the room. In short, ample air follows every dis-
charge to accomplish all that the soil pipe air of the trap
vent could do in the interval between the usages of the
fixture. The pure air from the room could not possibly be
rendered so foul in the interval as the soil pipe air would

- be, as they are constructed to-day, before it entered. This
is equally true whether the fixture be used often or seldom,
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provided it be properly constructed and set, and whether
the branch waste be long or short.

Thus the special trap vent is superfluous for scouring,
not only because the traps may be fully vented without it,
but also because a good water flushing accomplishes all
and infinitely more than the air could do.

ReMovAL oF Gaseous IMPURITIES.

The chief difference between the main soil pipe and the
small branch wastes in relation to venting is that the foul
air in the former cannot, and in the latter case can, in good
plumbing, be thoroughly changed by flushing and diffusion.
Hence, in the main wastes, special venting is necessary to
remove gaseous impurities and in the small branch wastes
it is not. What has already been said in regard to the
capacity for the removal of solid impurities from the smaller
waste pipes of a good water flush holds with still greater
force in relation to gaseous impurity. The lighter gases
are instantly removed by the water stream and replaced
by pure air from the room, and this substitution is as much
more desirable than the substitution of soil pipe air as the
former is richer in oxygen and freer from injurious ele-
ments than the latter.

BACK PRESSURE.

“Back pressure” in plumbing is a force acting in a direc-
tion precisely opposite to that of siphonage. It indicates
that the air in the drains is under compression, where with
siphonage it is under rarification. Hence it tends to force
the water of traps from the drains outwards into the house
where siphonage tends to force it inwards from the house
into the drains. This compression of air in the drains
may be caused either by the movement of fluids in the
house pipes themselves or by external influences acting
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upon the air of the sewers, such as the pressure of wind
and tide at the sewer openings or a change in the tem-
perature or volume of sewage within the pipes. With
properly ventilated soil pipes the expansion or contraction
of the air or wind or other pressure in the sewers can have
no influence on the seals of interior fixture traps, but where
an intercepting house trap is used, it is clear that a sewer
vent must also be furnished at the trap to protect it from
such influences. ’

The influences which act within the house pipes to create
back pressure are: First, the compression of the air in
the main soil pipe by waste water passing through it ; second,
the pressure of the wind; and third, the suction of open
fires and ventilating outlets throughout the house.

If a large body of water is thrown suddenly into the
soil pipes from one of the upper fixtures in a house, it
drives the air in advance of it as it falls like a plug through
the pipe. Were there no resistance to the passage of the
air, such as is caused by friction, or a sudden bend in the
pipe, the air would pass through a properly ventilated pipe
in front of the water without compression, but the rough
interior of the soil and waste pipes, and sudden bends in
their course, causes considerable resistance to the escape
of the air in advance of the water, causing condensation
of the air, and giving rise to the phenomenon we are dis-
cussing, and this “back pressure” is sometimes strong
enough to drive the water out of the traps in a sudden jet
or fountain. I have completely emptied a 4-inch pot trap,
having a seal four inches deep, by this action, even though
the soil pipe was properly vented at both top and bottom.
Fortunately, however, a very simple remedy exists for back
pressure. This force never exceeds a few ounces to the
square inch in properly arranged plumbing, and may easily
be resisted by a column of water from 12 to 18 inches in
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height. Hence a trap which would be completely emptied
when standing alone, as shown in Fig. 252, 276 or 278, will
easily resist the pressure when attached to and placed some
little distance below a fixture or when the inlet arm is
simply lengthened as shown in Fig. 277. With a common S
trap the resistance to back pressure in this figure is twice
as great as in the first. The limit of resistance of an S trap
is the weight of a column of water twice as high as the

Fig. 278. Effect of Back
Pressure.

Fig. 276. _ Effect of Back
Pressure.

Fig. 277. Back Pressure resisted by posi-
sition of the Trap below the Fixture.
depth of its seal. But though the soil pipe air may be blown
through the trap when it surpasses the limit of resistance of
the seal, yet the fixture above the trap will catch the water
thrown up and restore it to the trap.

With a pot trap, however, the power of resistance is
much greater, since it contains water enough to rise under
the influence of back pressure to a very considerable height
in an inlet pipe. Now, so far as my experiments have
shown, the severest back pressure that can possibly be
brought to bear upon a water trap in a properly plumbed
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building having ventilated soil and drain pipes can be re-
sisted by a column of water from 14 to 16 inches high.
Hence, if a trap in such a building is placed under a fix-
ture in such a manner that the bottom of its seal shall
stand from 14 to 16 inches below the outlet of the fixture it
serves, it may be considered perfectly safe against loss of
seal or soil pipe air transmission by back pressure. For it
will be found that if the column of water in a trap is high
enough to resist this back pressure, it will entirely exclude
the entrance of sewer gas or soil pipe air so compressed
in the pipes. In other words, the air will not, under such
circumstances, ever be driven through the water column
in bubbles, as is sometimes feared. Hence in setting traps
under kitchen sinks where back pressure from water fall-
ing from fixtures above is to be feared, the traps should
always be placed low enough below the outlet of the sink
to permit of the formation of a water column high enough
to resist the back pressure. Otherwise the water may be
blown out of the trap into the sink, and sewer air will fol-
low. If such action follows every time any fixture above
is discharged, the constant repetition of such injection of
sewer air into the room may result in serious consequences.

Now, the main house trap is a frequent cause of heavy
back pressure in the basement of a house owing to the
friction caused by the resistance of its seal, and this fur-
nishes another argument in favor of its abandonment.

In the experiments in back pressure made in my inves-
tigations for the Board of Health, the traps were tested
on the basement floor (see Fig. 242) just above the hori-
zontal run of the soil pipe. The tests were divided into
(A) those in which the traps had no vertical extension
of the inlet arm, and (B) those in which the inlet arms
were extended.

An S trap having the ordinary 6-inch length of inlet arm
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above the seal was first tested. The first discharge of the
water closet alone threw the water out of the trap, pro-
jecting it several feet in the air, and broke the seal. The
experiment was often repeated with the same rsult. Fig.
278.

(A) A 4-inch pot trap lost its seal in four discharges
(see Fig. 276). The top of the inlet arm stood 2 inches
above the top of the seal.

An 8-inch pot lost 2 inches of its seal in seven discharges.
The top of the inlet pipe stood 3 inches above the top of
the seal.

The same trap lost 334 inches by fourteen discharges of
the water closet and bath tub together.

(B) With a vertical extension (Fig. 277) of 16 inches,
a 114-inch cast lead S trap retained its seal entirely whether
tested with the discharge of the water closet alone or with
water closet and bath tub together; but in all cases air
was forcibly driven through the water forced up into the
inlet pipe, because the volume of water in the trap was
insufficient to outweigh the back pressure.

An .S trap having 5 inches of seal without extension
lost its seal in all cases, but with an extension of 16 inches
the water was not thrown out under the severest dis-
charges. With this trap, moreover, the large volume of
water was with the extension sufficient to overbalance the
pressure of the air, and no bubbles were driven through
the trap. The same deep seal S trap was then tested after
half its seal had been removed as by evaporation or other
accident. In this case the trap acted exactly as did the
ordinary shallow-sealed, ordinary cast lead S trap, and al-
ways allowed air to be driven through it.

A 4-inch pot trap with the 16-inch extension neither lost
any of its water nor allowed ahy air to escape through its
seal under any of the severest conditions.
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The same trap with a 6-inch extension, bringing the top
of the extension 8 inches above top of seal, lost its entire
seal in two discharges of the water closet and bath tub
together. The volume of the water in the trap was suffi-
cient, but the pipe was not long enough to allow of the
formation of a column sufficiently high to resist the air
pressure.

An 8inch pot trap with either a 9, 12 or a 16-inch ex-
tension lost no water and allowed no air to pass under
either of the tests. But with a 6-inch extension the water
was driven out of the trap.

A piece of 1}4-inch waste pipe, 12 inches long, holds
about 34 of a pint of water. A 15-inch piece holds a pint.
Hence a trap used with such a waste pipe should have a
capacity of not less than 34 pint.

In our apparatus erected for this course we shall be
able to illustrate “back pressure” in every degree of force,
from an amount scarcely measurable up to that which will
throw the entire contents of our tank upon the lecture
floor, according as the valve just below the trap testing
branch be left open or completely closed.
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CHAPTER XVIIL

EvaPoraTION.
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- evaporation of
their seal goes
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above tl;e Water Sealdoia 'Baclﬁ Vegln_ted S;;I‘k:'ap. occupied and
and of a non-vente: ntisyphon Trap. e
former quickly losing and the latter unwatched for

retaining its seal. years at a time.

If the trap is adequately ventilated, however, its seal
will be gradually lowered, and if the ventilating flue con-
nects with the trap at or near the crown, the induced air
current licks up the water with a speed proportional to
the efficiency with which it performs its duty as a venti-
lator, and will destroy the seal of an ordinary small S trap
in from four days to one or more weeks, according to the
rapidity and dryness of the current. If the flue connects
with the trap at any point below its seal it is powerless to

prevent self-siphonage.
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Some years ago, after the enactment of the trap vent
law, the Brooklyn newspapers published, in the interest
of the public, the following warning, showing that the of-
ficers of the Public Health Department had already ex-
perienced some of the evils of the trap vent law: ‘““The
Commissioner of Health desires to direct the attention of
householders to the danger of occupying houses which
have been for any considerable time without occupants.
It is the practice of many persons to leave their dwellings
for several months in the summer, during which time the
water in the traps of basins and other fixtures is liable to
evaporate, and thus permit the unobstructed entrance of
sewer gas into the dwellings. When the families return
in the fall they are exposed to these sewer emanations, and
it is believed that cases of serious, if not, indeed, fatal
sickness have been due to this cause. Whenever houses
are so left, provision should be made to have the traps
filled at least every two weeks by a competent and trust-
worthy plumber, and if possible to have all the windows
of the house opened for twenty-four hours before its re-
occupation.” This notice was given the public after. the
city had fastened upon them the trap vent law. They then
felt constrained to advise every house owner, under peril
of serious danger to health, to employ some honest and
skilful expert to stand constantly on the alert to undo the
danger done by this law. We will not calculate here the
number of traps owned by the several million inhabitants
of Greater New York, nor the exact size of the army of
trustworthy plumbers which would be required to overhaul
dwellings for the purpose of attending to apparatus in-
tended to be made by the new law automatic. But were
all the traps ventilated in accordance with this law, it is
certain that their fortnightly refilling and the opening of
all the house windows in consequence of their not having
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been refilled weekly would consume infinitely more time
than would be required to clean out the same number of.
unventilated pot traps, if their use was the only alternative,
as often as their condition required, and, as a collector
of greasy sediment, the vent pipe is no better than an
elongated cesspool trap itself. Had the Commissioner of
Health published advice to the householders to employ some
competent and trustworthy plumber to cork up or tear out
once and for all from their houses all these incompetent
and untrustworthy back vent pipes which were responsible
for the trap seal evaporation, instead of raiding the prem-
ises every fortnight to try to repair in a measure the mis-
chief they had done, he would have performed a really
valuable service to the alarmed and unhappy absentees on
their summer vacations, and have reassured the much-suf-
fering public at large at the same time.

Sometimes an owner is advised to fill all the traps with
oil as security against evaporation. This method is trouble-
some and expensive, and should the house owner or any of
his friends or employes happen to require to visit the prem-
ises during the season of its inoccupancy, he would be
obliged to obtain or carry with him on each occasion a gal-
lon or so of oil and refill the traps of any fixtures used
during such a visit. Inasmuch as such phenomenal fore-
sight could hardly be expected, especially in cases of un-
expected or unforeseen visits, the practical objections to
this method are sufficiently obvious, though it often sounds
well to propose it.

While it is evident that back venting must gradually de-
stroy the seal it was commissioned to protect, it is also
evident, as an examination of our Figure 279 will make
clear, that a pot trap or an anti-siphon of good water
capacity is capable of preserving its seal against loss
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by evaporation during an entire winter or summer season
if unvented. :

If vented, a current of air is constantly in motion over
the seal when the vent pipe is actually performing the office
for which it is installed, and it carries off vapor from the
seal as fast as it rises. ,

One may easily test this by filling a large pot trap having
arms long enough to reach to the floor and to a basin and
placing it by the side of a cup of water as shown in Fig.
279. In my experiments for the City Board of Health
the evaporation is shown to be very rapid from the sewer
side of a vented trap and almost nothing from the house
side of the same trap.

EXPERIMENTS FOR THE BoARD OF HEALTH ON EVAPORATION
Probucep BY BAck VENTING.

These experiments were made on the basement floor.
They were subdivided into (A) those in which the vent
pipe was conducted into a cold flue, and (B) those in
which it was conducted into a heated flue.

(A) Tests with a Cold Ventilating Flue.

A 1Y4-inch S trap having a seal 43§ inches deep was
attached to the end of the branch waste in the manner
shown in Fig. 242, A 1ls-inch rubber ventilatng pipe was
taken from the 1)4-inch ventilating opening at the crown
of the trap and conducted into a cold 4-inch galvanized iron
ventilating flue, shown in 