This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of
to make the world’s books discoverable online.

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was nevel
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domair
are our gateways to the past, representing a wealth of history, culture and knowledge that’s often difficult to discover.

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book’s long journey fro
publisher to a library and finally to you.

Usage guidelines

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belon
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have take
prevent abuse by commercial parties, including placing technical restrictions on automated querying.

We also ask that you:

+ Make non-commercial use of the fild&e designed Google Book Search for use by individuals, and we request that you use these fil
personal, non-commercial purposes.

+ Refrain from automated queryirigo not send automated queries of any sort to Google’s system: If you are conducting research on m:
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encc
use of public domain materials for these purposes and may be able to help.

+ Maintain attributionThe Google “watermark” you see on each file is essential for informing people about this project and helping ther
additional materials through Google Book Search. Please do not remove it.

+ Keep it legalWhatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume |
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users
countries. Whether a book is still in copyright varies from country to country, and we can’t offer guidance on whether any specific
any specific book is allowed. Please do not assume that a book’s appearance in Google Book Search means it can be used in al
anywhere in the world. Copyright infringement liability can be quite severe.

About Google Book Search

Google’s mission is to organize the world’s information and to make it universally accessible and useful. Google Book Search helps
discover the world’s books while helping authors and publishers reach new audiences. You can search through the full text of this book on
athttp://books.google.com/ |



http://google.com/books?id=pJxLAAAAMAAJ

Digitized by GOOSIQ



)

—— e e — — -

-2









SEWAGE DISPOSAL

IN TIE

UNITED STATE
Lye,

BY

GEO. W. RAFTER, M. Am. Soc. C.E.,

AND

M. N. BAKER, Pu.B.,

ASSOCIATE EDITOR, ENGINEERING NEWS

SECOND EDITION,

NEW YORK
D. VAN NOSTRAND COMPANY

LONDON
SAMPSON LOW, MARSTON & COMPANY, LIMITED

1894



COPYRIGHT, 1893

By D. VAN NOSTRAND COMPANY

Al rights reserved



DEDICATED

TO THE HEALTH AND PROSPERITY OF
AMERICAN CITIES AND TOWNS



Digitized by 600816




PREFACHEK.

QUESTIONS of River Pollution and Sewage Disposal have assumed so
much importance in this country that no excuse is necessary for put-
ting forth an American treatise on the subject. The chief object, there-
fore, of this book is to specifically call the attention of sanitary
authorities, engineers, and others interested in questions of public
sanitation, to the fact that we have already accumulated a considerable
stock of experience in sewage disposal in this country, and that for
the future Americans, who wish to study the subject in detail, will not
be obliged, as until recently was the case, to go abroad for the purpose.

In making this remark we do not wish to be understood as discour-
aging the study of foreign precedents in sewage disposal; on the
contrary, it is cheerfully conceded, inasmuch as the necessity for sew-
age purification first arose abroad, that consequently the foreign en-
gineers had the opportunity to attack the problem first, and we may
very properly profit by their experience. The full idea is that the
conditions here are generally quite dissimilar from those obtaining
abroad, and that, with most of the feasible methods of sewage purifica-
tion now in successful operation, the chances are decidedly in favor of
quite as much profit from studying carefully the results obtained here
as can be expected from the casual examination of executed projects
abroad, which, after all, are for the most part only relatively appli-
cable.

The experience at Worcester, Massachusetts, is a striking exemplifi-
cation of the truth that in the end the American engineer must design
works to suit his specific case. In the preliminary discussion at
‘Worcester it was nearly universally assumed that, by reason of an
identity of climatic conditions between Worcester and Danzig, the
sewage irrigation fields of the latter city might bé duplicated at
‘Worcester, and results obtained quite as successful as those attending
sewage farming at Danzig. But Mr. Allen took the ground that the
climatic conditions were sufficiently dissimilar to render an extensive
sewage farm at Worcester an experiment, relative to which it was im-
possible to predicate success from what had occurred at Danzig.

At South Framingham, Massachusetts, however, disposal by broad
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irrigation and intermittent filtration is in operation on a comparatively
large scale ; and inasmuch as the distance from this town to Worcester
is only twenty-three miles, we may hope to gain in a few years some
useful experience from these two towns on the relative value of different
systems of treatment at low temperatures. The extensive intermittent
filtration works at Marlborough, Massachusetts, in the immediate
vicinity, may also be looked to for interesting information on the same
point. '

An attempt has been made to present in Part I. the governing prin-
ciples of sewage disposal with special reference to American needs;
while in Part II. there have been given the salient features of the
principal American sewage disposal works, with, so far as they can be
obtained, reliable statements of cost of construction and operation. It
is hoped that the information may be of use, not only to such sanitary
authorities as Sewer Commissioners and Health Officers, but also to
those engineers who are looking into the subject for the first time.
We even venture to hope that it will prove of material benefit to the
few engineers of ability and experience who have thus far designed
most of the sewage disposal works of the country; for American
knowledge of and practice in sewage purification is growing rapidly,
and has never before been brought together with any degree of com-
prehensiveness.

Our references, citations of authorities, and quotations are drawn
very largely from American sources of information. The reason for
this is, as already indicated, that we need to know first of all about our
own special conditions. At the same time we have not hesitated to
use foreign data when necessary for the completeness of the discussion.

As conducing to a knowledge of our own special conditions, the ex-
periments of the Massachusetts State Board of Health may be cited
first of all. The views of a high English authority on the comparative
value of these experiments have been referred to in the footnote on
page 265, and it appears unnecessary to further elaborate this part of
the subject. The work accomplished by our Agricultural Experiment
Stations has also been freely drawn upon, with the result, it is believed,
of furnishing a large amount of new data of special value in projecting
American sewage disposal works.

Concluding this part of the subject, it is sincerely hoped that Ameri-
can engineers and physicists may, by their improvements and increase
of accurate knowledge of sewage disposal, be able to pay back some
portion of the obligation which we owe chiefly to English engineers,
and investigators for our preliminary ideas in relation to sewage puri-
fication.

It will be noticed that the amount of original matter in the book is
relatively small. This is partially owing to the use of the language of
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the authorities drawn upon, instead of veiling its identity under slight
verbal changes. For all this, of necessity many elaborate and valuable
contributions to the literature of sewage disposal have been either
condensed into a few sentences or dismissed with a brief reference.
In all cases the aim has been to present as clearly and yet as briefly as
possible the best available information on the subject under discus-
sion and to indicate the sources of information.

Quoted matter has generally been indicated by the use of smaller
type. Quotations have been freely made in Part I. in all those cases
where the quoted matter appears necessary for a complete discussion,
or where nothing can be added to what the various authors have
originally written. In Part II. we have preferred to quote at length
from available memoirs prepared by the engineers who have actually
designed and constructed the different works, because these memoirs,
by reason of embodying the results of personal experience, are more
valuable than any mere abstract could be possibly made. We have
assumed, in short, that the making of the ideal sewage disposal manual
is to some extent a matter of discreet editing.

While we have used footnote references liberally, we have not at-
tempted to make the references to any part of the subject absolutely
complete. To do this would involve an amount of labor out of all
proportion to the results. Nevertheless it is hoped that the references
to original sources of information are numerous enough to enable any
person wishing to go further into the subject than the limits of a
volume of this character would permit, to find readily, so far as the
American literature is concerned, practically all there is of value at
the present time.

A word in regard to the joint authorship. In the fall of 1891 Mr.
Rafter began, at the request of the publishers, D. Van Nostrand Co.,
the preparation of a Manual of Sewage Disposal in the United States.
Early in 1892 Mr. Baker began the collection, largely by personal
visits to existing purification works, of data in regard to executed
works as the basis of a series of articles in Engineering News. Neither
was aware of the work of the other until about July 1, 1892; at which
time Mr. Rafter had nearly completed the task to which he had set
himself, while Mr. Baker was just beginning the series of articles on
executed works which have since appeared in the journal named. A
comparison of data indicated that Mr. Baker’s work on the executed
projects, by reason of bringing the information more nearly down to
date, would add to the completeness of the book, and accordingly
arrangements were made for joining forces. In addition to considera-
bly extending Part IT., Mr. Baker has also made material additions
to Chapter VIL in Part I, and has revised the whole work so far as
necessary to include any additional information in his possession.



viii PREFACE.

This revision brings the work down to June, 1893, as completely as is
practicable in a work of such a character, and the additions include
descriptions of all the town and city purification works known to be
in operation to date. That the book is now other than relatively com-
plete is not pretended ; it is merely put forth as representing the best
effort in this direction of which the joint authors are capable at this
time.

Our sincere thanks are due to the many engineers who have cordially
responded to our requests for information, as well as to the superin-
tendents of a number of public institutions to whom we have applied.
Among engineers to whom we are specially indebted may be men-
tioned Col. Geo. E. Waring, Jr., M. Inst. C.E, J. Herbert Shedd, M.
Am. Soc. C.E., Samuel M. Gray, M. Am. Soc. C.E.,and Chas. A. Allen,
M. Am. Soc. C.E.

The major portion of the illustrations have been prepared, specially
for this work, under the direction of Mr. F. P. Burt, of Engineering
News. For the illustrations not so prepared, we are indebted to The
American Society of Civil Engineers, The Engineering Magazine, The
Engineering Record, and Engineering News.

G. W. R.

M. N. B.
NEw YORK, June 1, 1893.
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SEWAGE DISPOSATL
IN THE UNITED STATES.

PART I
DISCUSSION OF PRINCIPLES.

CHAPTER 1.
PRELIMINARY DISCUSSION.
DEFINITION OF TERMS.

ONE occasionally meets a misuse of the terms sewerage and sewage,
and by way of giving a clear idea of the thing discussed we may
properly begin a treatise on sewage disposal with a definition of the
leading terms. By sewerage, as here used, we refer to the general
process of removing the liquid and solid wastes of the human economy
by water-carriage, while a sewer is the conduit through which, by the
medium of water, such removal is effected ; sewage, on the other hand,
will be used as the generic term not only for the combined water and
waste matters flowing in sewers, but for the mixed solid and liquid
matters handled by a pail or pneumatic system as well.

SBewage disposal in its broadest sense may be taken, then, as refer-
ring to any disposal or treatment of sewage which renders it innocuous
to human beings; it may include disposal by discharge into tidal
or other large bodies of water, utilization in sewage farming, or
by burying, as is sometimes practised with pail systems.

CLASSIFICATION.

‘With this definition, methods of sewage dlsposa] may be classified
under the following heads:
I. The use of privies and cesspools.
II. Collection by pail systems.
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III. The pneumatic systems of Liernur, Berlier, Shone, and others.
IV. Simple subsidence or sedimentation.

V. Simple filtration through some artificial substance, as coke,

excelsior, or ashes.
VL. Discharge of crude sewage into tidal or other large bodies of
water.
VII. Chemical precipitation.
VIII. Broad irrigation.
IX. Intermittent filtration.

X. And finally electrolysis; although this method, while promis-
ing good results, must still be considered as in the experi-
mental state.*

The first three methods will not be considered at all in this treatise,

* Mechanical filtration may be also possibly regarded as another method of sewage disposal, and
the Farquhar-Oldham filter is cited as a device of this character, which apparently has limited
application to small quantities of sewage, as, for instance, to the sewage of detached houses. So
far as the writer knows, it has never been successfully used on a large scale in the United States.
An unsuccessful trial was made at the Mystic Valley Sewage Disposal Works a few years ago.
(See reference to same in Part 11.)

The Lortzing system of combined mechanical and chemical purification may be referred to.

According to the Inventor's Circular the following combinations of advantages have been
successfully incorporated in this tilter :

1. The mechanical and chemical treatments are strictly separated, all impnrities capable of
being eliminated mechanically being first extracted before recourse is had to chemicals.

2. By thus reducing the quantity of chemicals used, not only their cost is saved, but the
quantity of the final products is diminished, and therefore the expense of dealing with them
reduced to a proportionate degree.

3. By the provision of means for circulating the same chemicals repeatedly, it is possible to
employ certain difficultly soluble chemicals, which at present cannot be used at all, and the cost of
which is merely nominal. The small cost of these materials ik, however, only part of the
advantage gained by their use; a further great advantage is, that being difficultly and slowly
soluble, they act at first as mechanical precipitants; and afterwards, as they slowly dissolve in
their course of circulation, their chemical action comes into play.

4. The working of the apparatus is almost automatic, and requires very little manual labor.

5. Owing to its special mechanical principles of construction and its continuous working, no
interruption being necessary for the purpose of clearing out the sediment, the space taken up by
the apparatus and buildings, as compared to the quantity of work done, is reduced to a small
fraction of what is now necessary.

6. Owing to the provision of natural filter-beds within the apparatus, which are formed by the
sedimentary matter iteelf, the prime cost of additions, as well as the disadvantage of their unduly
increasing the bulk of the by-products, ix raved.

7. Such filters nct automatically, and can he coutinnously and expeditiously cleaned out without
any stoppage of the working. Owing to the rediments being thus removed from day to day, no
time is given for decomposition and its injurions consequences.

8. It will be clear that, as the quantity of mechanical and chemical admixtures during the
proocess is very greatly reduced, the really valnable mgredients of the sewage are contained in the
final by-products in a oconcentrated form. which transforms these products into a valuable
marketable commodity. whilst for the converse reason the products attained by the present
method are rarely worth the cost of transport, and often ahsolutely valueless.

For further details of the Lortzing system see (1) the inventor's cirenlar, ** Improvements in the
Method of, and Apparatus for, Purifying the Water-Carried Scwage of Towns,” etc.; (2) an abstract
of this circular, with the illustrations, may be found in Eng. News, vol. xxii. (1889), p. 362.

The Lortzing system appears to be, so far as the actual purification process is concerned, cssen-
tially a chemical treatment, to which a certain amount of mechanical detail has been added. It
also illustrates the recent development of chemical treatment in vertical tanks, for further infor-
mation regarding which see Chapter XI., on Chemical Precipitation.
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except that a short chapter is included in Part IT. descriptive of the
pail system at Hemlock lake, N. Y.*

Sedimentation and simple filtration will not be considered any fur-
ther than as, at times, useful adjuncts to the more positive systems of
purification. Experience in England has amply demonstrated that
they have little claim to be considered systems of purification by
themselves.

In the case of disposal into tidal or other large bodies of water the
problem to be solved is, in its engineering features, purely one of
physics, while that involved in disposal by chemical precipitation,
broad irrigation, or intermittent filtration, may be considered as also
including, in addition to the physical features, problems in chemistry
and biology. With this understanding it may be premised that the
chief object of the present work is to treat of sewage disposal by
chemical precipitation, broad irrigation, and intermittent filtration, and
that only a relatively small amount of space will be devoted to the dis-
cussion of disposal into tidal or other large bodies of water.

Again, electrolysis will not he discussed in this work.t

SEWAGE DisrosaL A NEW SUBJECT IN THE UNITED STATES.

1 Sewage disposal, in its practical application, is comparatively a
new subject in the United States; but the rapid growth of population,
with its movement into cities and towns, has led to a large number
of cases throughout the country in which sewage is discharged into
streams, ponds, or lakes which are also the sources of public water

* The pneumatic systems have been thoroughly described clsewhere, and inasmuch as it is im-
possible, at the present time, to either add anything to what has already been said in regard to such
ayntems, or give any examples of their use in American practice, it is sufficient to merely refer
the reader to some of the sources of information which are accessible in American sanitary litera-
ture, namely :

(1) The Sanitation of Cities and Towns, and the Agricultural Utilization of Excreted Matters.
A Report, on Improved Methods of Sewage Disposal and Water Supplies. By C. W. Chancellor,
M.D., Sec. Md. St. Bd. Health, 1887. Pamphlet. 176 pages. )

(2) Proposed Plan for a Sewerage System, and for the Disposal of the Sewage of the City of
Providence. By Samuel M. Gray, City Engineer. 1384, pp. 22-80.

(3) Berlier System, &c.. Eng. and Bldg. Record, vol. vi., p. 576 vol. x., p. 411.

(4) Cpl. Geo. E. Waring's Sanitary Drainage of Houses and 1'owns, where may be also found
the main facts ahout dry earth systems. vaults and [{rivien. and pail systems.

Wm. Paul Gerhard's T'he Disposal of Houschold Waktes (No. 67 Van Nostrand's Sci. Ser.) may
be also consulted.

t The availalle information in regard to the electrolysis of sewage may be found in (1) Eng.
News, vol. xxi., p. 339, and vol. xxii., p. 387; (2) Eng. and Bldg. Record, vol. xiii. (18%0), p. 114;
(3) Sci. Am. Sup., May 4, 1880, Nov, 23, 1889, and Apr. 25, 1801.

See also description of the Hardy system of scwage purification, in which clectr.cal treatment is
proposed as an adjunct, in Eng. News, vol. xxi. (1859), p. 88.

1 A portion of the following discussion originally appeared (1) in a paper on Sewage Disposal in
the United States, in The Eng. Mag., vol. ii., No. 4 (Jan. 1812) ; and (2) in a Report to the Trus-
tees of the Weston, W. Va., Btate Insane Hospital. In Jour. W. Va. House of Dclegates for Feb.
18, 1891. Both by Mr. Rafter.
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supplies. The drinking of water containing human excrement is a
disgusting and dangerous practice, and we cannot hope for immunity
from communicable diseases until the custom is entirely discontinued.
The fact that there are a number of places where this condition exists
has enforced the necessity for sewage purification, and made it a vital
question demanding immediate solution.

As always happens when new conditions arise, numerous remedies
are proposed, many of them bearing little or no relation to the case to
be treated ; and by way of assisting to a clear understanding of the
present state of the whole question, it is proposed to give herein a
presentation of (1) some of the main reasons why sewage purification
may be considered in many cases an imperative necessity ; (2) a brief
statement of the approved methods of effecting sewage purification ;
and (3) an account of the principal sewage purification works, already
in operation in this country, together with a description of a few
notable disposal works designed to remove sewage without purifica-
tion.

In the beginning, then, we need to understand clearly why sewage
purification is, in many cases, an imperative necessity ; and by way
of assisting to such understanding, we will present a short statement
of the leading facts, as now understood, in relation to the causation
of communicable diseases, and the bearing of such facts on sewage
disposal.

THE GERM THEORY OF DISEASE.

Certain diseases of men and animals are communicable from one in-
dividual to another, and the modern studies in bacteriology show that
some of them are not only communicable between individuals of the
same species, but are interchangeable between animals and men, and
between men and animals.

The germ theory of disease as announced in the last few years is the
most rational explanation of the causation of communicable diseases
that has yet been advanced, and, without asserting its absolute cor-
rectness, it may be still said that at the present time all advanced
sanitarians assume its correctness, and the best sanitary work is exe-
cuted on the supposition that the said theory is essentially correct.
It is important that this be thoroughly understood, because the as-
sumption of essential correctness of the germ theory forces upon sani-
tary authorities the responsibility of not only taking certain precautions
and providing preventive measures always, but leaves upon them the
responsibility of possibly imperilling human life in case of neglect.

The germ theory assumes that the active causes of communicable or
contagious diseases are minute, living organisms, for the most part
capable of independent life both within and without the animal body.
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They belong among the Schizomycetes, or fission-fungi, embracing the
lowest and least developed forms of life in the vegetable kingdom, and
they may hence be considered the very simplest forms of plants.
Some of the forms are bacilli, micrococci, spirilla, vibrios, all of which
may be referred to as bacteria.

Many forms of bacteria are harmless and must be looked upon as the
beneficent friends of man, doing him many a good turn which other-
wise he would find it difficult to accomplish. Others are the morbific
causes, when they gain access to the human economy, of the various
infectious or communicable diseases. Attention mmay be here directed
to the fact that the bacteria, although microscopic in size, are still, so
far as the evidence goes, divided into distinct species, and by conse-
quence each contagious disease has its own specific germ, which must
be present in every case before that particular disease can be de-
veloped.

Once introduced into the animal body, however, the specific germ,
after a period of incubation, finally grows and multiplies enormously;
so that while a single germ, or the least atom of infectious material,
serves to inoculate a disease in a susceptible person, the contagious
matter produced in the course of the disease may be sufficient to inocu-
late many thousands. In each special disease, the contagion multi-
plies chiefly in the particular tissues which are especially subject to its
action, and the infective germs are cast off from the body with the
secretions of those tissues. Thus, in typhoid fever, the seat of the
disease is such that the infectious matter passes away in large quanti-
ties in the dejections from the bowels.

TyrHoiD FEVER.

The period of incubation in typhoid is a long one, of from 14 to 20
days, while the course of the disease after full development is usually
as many more. Frequently this disease is of so mild a character, that
the person having it is unaware of its presence. This constitutes a
walking case, but the dejections from such are quite as dangerous as
from the severest cases. A walking case of typhoid may go about for
a number of weeks, sowing the germs of the disease broadcast with
every dejection, absolutely without knowledge of the fact, and with no
unpleasant sensation other than that which accompanies being slightly
unwell.

How TypHOID GERMS GaIN Access To THE HumaN EcoNomy.

The germs of typhoid usually gain access to the animal economy
through the medium of drinking-water, although the germs may be
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present in the air of sewers receiving the dejections of typhoid
patients, as has been demonstrated by Dr. Victor C. Vaughan, of the
University of Michigan. When this is the case, breathing the sewer
air will lead to the production of the disease, as happened at the Jack-
son prison, in a case studied by Dr. Vaughan.* .

Usually, however, the germ of typhoid, by reason of passing from
the body of the patient in the dejections, is liable to be present in the
water we drink rather than in the air we breathe, and the length of
time the germs will survive, after passing from the human body into a
stream of water as a constituent of sewage, becomes a practical ques-
tion of considerable importance in connection with sewage disposal,
especially where a stream of moderate size receives sewage at a given
point, and is at the same time, lower down, the source of a public
water supply.

RESPONSIBILITY OF PURIFICATION.

The question, Upon whom does the responsibility of purification rest ?
has been raised in a number of cases, and from the foregoing considera-
tions it may be concluded that it rests upon every community, manu-
facturing establishment, public institution, or individual whose sewage
outfall is into a stream, pond, lake, or other body of water, which either
is or may be the source of a public water supply at any point fairly
within the influence of the inflowing sewage. In this view, the further
question at once arises as to what may be considered the legitimate
limit of influence; to this a definite answer is afforded, in one case, by
some experiments on the vitality of the germ of typhoid fever, as
detailed by Hiram F. Mills, A M., C.E.t

TypHOID FEVER AT LAWRENCE AND LOWELL.

In the month of November, 1890, the Massachusetts health returns
indicated that the number of deaths by typhoid fever in Lowell far
exceeded that of the whole city of Boston. The returns also showed a
rapid increase at the same time in Lawrence, and, as no similar in-
crease appeared in the other cities of the State, the State Board of
Health made the matter the subject of special investigation in these
two cities. Lowell has a population of 77,696, Lawrence 44,654, and
Boston 448,477, all in 1890. Lawrence and Lowell are on the Merrimae
river, Lawrence being nine miles down the river from Lowell. Both
cities take their water supply from the Merrimac, and the crude sewage
of Lowell is discharged into the same stream a short distance helow

#16th An. Rept. Mich. St. Bd. of Health, pp. 186-194 (1888).
+22nd An. Rept. of the Mass. St. Bd. of Health (18%0). Typhoid Fever in its Relation to
Water Supplies, by Hiram F. Mills, A M., C.E., pp. 525-543.
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the Lowell water supply intake. A probable cause of the contamina-
tion of the Lowell water supply at this time was found in the discovery
of the discharge of the dejections of typhoid patients into Stony brook,
a tributary of the Merrimac, three miles up stream from the Lowell
water-works intake.*

THE BaciLLus oF TypHoID FEVER.

It was also found that such discharge was, in proper sequence of
time, followed by a rapid increase in the number of deaths from
typhoid in Lowell ; the increase there being further followed by
an alarming increase in the number of deaths from typhoid in Law-
rence. In December, bacteriological examinations of water drawn
from the service pipes in Lawrence resulted in finding the bacillus of
typhoid in the Lawrence supply. The bacillus of typhoid, or, as it is
frequently called, Eberth’s bacillus, is a rod-like bacillus with rounded
ends. It is a plant with normal specimens tzlyy in. in length and
about yzdyy in. in diameter. At the ends are hair-like appendages,
technically called cilia. In cases of typhoid these bacilli multiply in
enormous numbers, the seat of their greatest activity being in the
Peyers’ glands, although they have also been found in the mesenteric
glands, larynx, and lungs of patients dead of typhoid. The typhoid
germs are propagated either by fission or from spores. In propaga-
tion by fission each rod divides into two, each of which, after attaining
maturity, again divides, and so on. Multiplication by spores is not yet
fully understood, though in a general way it may be stated that spores
form in the interior of bacilli, after the manner of spore multiplication
in other cryptogams. The spores are much smaller than bacilli, and
can only be seen with the most powerful objectives known to modern
microscopists. It is probable that spores, when once formed, possess
the power of survival under very adverse conditions, while the bacilli,
by reason of possessing less vitality, more easily succumb.t

TypHOID FEVER A PREVENTABLE DISEASE.

The statement may be made that typhoid fever is, in the fullest
sense, a preventable disease. Keeping it out of the food we eat, the
air we breathe, or the water we drink, is an absolute preventive ; or, if

* Nashua and Manchester, New Hampshire, and a number of other towna on the river above
Lowell also discharge crude sewage into the Merrimac.

+ For discussion of formation of typhoid spores, with references to the literature and history of
the subject, see paper, Experimental Studies on the Causation of Typhoid Fever, with Special Ref-
erence to the Outbreak at Iron Mountain, Michigan, by Vaughun and Novy ; 15th An. Rept. Mich.
St. Bd. Health (1887), pp. 2-11; also, The Specific Organism of Typhoid Fever, by Geo. W.
Fuller, 8.B., Technology Quarterly (Boston), vol. iv., No. 2, July, 1891,

An extended bibliography of the bacillus of typhoid fever is given in Sternberg's Manual of
Bacteriology (1892), pp. 808-11, which includes 82 references to different papers, eto.
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present in either, its destruction before allowing it to enter the human
body is equally a preventive. Water, milk, or other drink or food sus-
pected of containing it, should undergo a degree of heat equivalent
to the boiling point of water for at least 30 minutes, as experience has
shown that this will more than kill the most refractory spores.*

Returning to the Massachusetts Board’s investigation of the
epidemics of typhoid at Lowell and Lawrence, the practical ques-
tion is at once raised as to whether (1) the numerous cases in Lowell
may be justly ascribed to the known contamination of Stony brook
above the Lowell water-works intake; and (2) whether the cases
at Lawrence are also due either to the same cause, or, further, to an
accession of typhoid germs in the water of the Merrimac river from
the sewers of Lowell, which presumably received the dejections
of many persons suffering from the disease in that town? The an-
swer to both questions, as given in the report, is a decided yes, and
we may now inquire whether typhoid germs, which grow in the human
body at blood-heat, will survive in water only a few degrees above
freezing long enough to pass, in the ordinary flow of the river, from
the Lowell sewers to the Lawrence intake, thence through the
distribution pipes to the services, thence into the houses, and finally
into the bodies of the citizens of Lawrence. The temperature of the
river water in November, 1890, was from 45° to 35°.

Taking the mean velocity of the river, it is found that the time from
the Lowell sewer outfall to the Lawrence water-works intake is eight
hours. Entering the reservoir the same day, the water would certainly
go to the consumers through the service pipes in from a week to ten
days; and the inquiry is narrowed to finding out whether the typhoid
germ would live from seven to ten days in the Merrimac river water
when at a temperature of from 45° to 35°.

VitaLrry oF THE TypHoip BacrLLus.

To settle this interesting question, the Massachusetts Board made a
series of experiments by inoculating water from the Lawrence service
pipes with typhoid germs, and keeping it in a bottle surrounded by ice
at near the freezing point for a month. Each day one cubic centimetre
was taken out, and the number of typhoid germs therein determined
by the usual culture methods. The number was found to decrease
from day to day, although some survived 24 days as follows:

Germs.
On the first day therewere .................ccoovieet. 6,120
On the fifth day therewere ..................covventn. 3,100

# Disinfection and Disinfectants : Their Application and Use in the Prevention and Treatment
of Disease and in Puablic and Private Sanitation. By the Committee on Disinfectants appointed
by the American Public Health Association.
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On the tenth day there were ............................ 490
On the fifteenth day therewere ......................... 100
On the twentieth day there were ........................ 17
On the twenty-fifth day there were ...................... 0

LiMiT oF INFLUENCE IN THE MERKIMAC RIVER.

Itappears, then, for the purpose of illustrating the subject, we may say
that in the Merrimac river the limit of influence of the sewage of the city
of Lowell is fairly the point reached by the flowing water in 25 days
after passing Lowell, the possible effect of dilution and sedimentation,
the antagonism of the non-pathogenic bacteria, and the purifying effect
of minute plants and animals in reducing the danger, not being here
taken into account. The Merrimac river flows the nine miles from
Lowell to Lawrence in eight hours, or at the rate of 13 miles per hour.
Twenty-five days is 600 hours, and it is accordingly found, with the
limitations noted, that a flow of 675 miles may occur before the Merri-
mac river can be considered perfectly free from the typhoid germ, if
once inoculated, in the month of November. Enough is known of the
persistency of vitality of the typhoid spore to justify assuming that
the legitimate safe limit of influence in this stream will be quite as
great as indicated in the foregoing, although there are modifying cir-
cumstances which will be referred to in some of the following chap-
ters.

Table No. 1 gives the statistics of this epidemic of typhoid fever at
Lowell and Lawrence.*

‘TABLE NoO. 1.—STATISTICS OF TYPHOID FEVER IN THE CITIES OF LOWELL AND LaAw-
RENCE, MAss., SEPTEMBER, 1890, To JANUARY, 1891, INCLUSIVE.

Lowell. | Lawrence.
Pop.., 77,605, Pop., 44,5569.
Month. - T - '
Deathr per | 1 Deaths per
Deaths. | 100.000 | Casen. | C8%® 10 || pogena | 100,000
population. -1t population,
September, 1W....................... | s 03 | o4 56 | 3 6.7
October . ... U 128 | 9% 9% | 8 6.73
28 3608 | 17 61 | 7 15,71
2 38,51 159 61 | 19 42.64
19 24.48 8 43 | 19 42,64
1
Totald .........uveeenranennannnn. [ 172 550 | e } Bl | ...

LiMiT oF INFLUENCE IN LAkeEsS AND Ponps.

In the case of a lake or pond the limit of influence will be more re-
stricted than in a running stream, though it must be stated in this con-
#* Derived from (1) Mr. Mills' paper in 22nd An. Rept. Mass. St. Board of Health ; (2) from a

Report upon the Sanitary Condition of the Water Supply of Lowell, Mass., presented to the
Water Board of Lowell, April 10, 1891, by Wm. T. Sedgwick, Professor of Biology, etoc.



10 SEWAGE DISPOSAL IN THE UNITED STATES.

nection that the usual hydrographic observations of direction of water
currents, as indicated by floats for a few days only, are utterly without
significance so far as a rational solution of the problem of legitimate
influence in any given case is concerned. Such observations must be
carried on in conjunction with biological and chemical studies for a
considerable period of time. and when so carried on will undoubtedly
result in showing that the limit of influence in large lakes is much
greater than has thus far been generally assumned.

THE CASE OF SCHENECTADY, CoHOES, WEsT TROY, AND ALBANY.

Professor William P. Mason has given in a recent paper an account,
pertinent to the present discussion, of a series of epidemics of ty-
phoid fever in a number of towns supplied with water from a sewage-
contaminated stream.*

The stream in question is the Mohawk river, which receives the
sewage of nearly every large town on its banks, several of them, as for
instance Rome, Utica, Little Falls, Amsterdam, and Schenectady, hav-
ing complete sewerage systems which discharge considerable guanti-
ties of crude sewage directly into the stream.

In July, 1890, a marked increase in the amount of typhoid fever was
noted at Schenectady, and from that time to the middle of April, 1891,
about 300 cases were reported, of which 70 were fatal. The health
officer of the town is of the opinion that many of the milder cases were
never reported, so that in reality the total number of cases was consid-
erably in excess of 300. The population of Schenectady is, according
to the census of 1890, 19,902.

The entire water supply of the city, amounting to 2,200,000 gallons,
is now derived from the Mohawk river by direct pumping. Previous
to 1887 the supply had been taken from a filter gallery near the river,
but in that year extensions were made and the supply drawn from a
crib in the middle of the river.

The water supplies of the towns of Cohoes and West Troy are also
derived from the Mohawk river, while that of Albany is partly from
the Hudson river, the balance being from inland lakes. Waterford,
Lansingburgh and Troy, which are in the immediate vicinity, draw
their public supplies from the Hudson above the mouth of the Mo-
hawk ; a portion of the public supply of Troy is from lakes to the back
of the town by gravity. The approximate locations of the several in-
takes are shown by the squares on the map, Fig. 1.

The populations of these towns are : Waterford, 5,400 ; Lansingburgh,

# Notes on some Cases of Drinking-Water and Disease. By William P. Mason. Jour. Frank. Inst.,
Nov. 1891. Reprint, pp. 6-9.
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10,550 ; Cohoes, 22,509 ; West Troy, 12,967; Troy, 60,956 ; Albany, 94,-
923; total, 207,305.

There is also a town of a population of 4,433 on Green Island, which
derives its water supply from a filter gallery.

In October, 1890, an epidemic of typhoid began in Cohoes, and con-
tinued until the middle of March, 1891. Altogether there were about
1,000 cases (1 in every 22.5 of the population); fortunately they were
mostly mild in character, resulting in very few deaths.

In West Troy an epidemic of typhoid began in the latter part of
November, 1890. On about December 15, 50 cases were reported. Of
these 42 used Mohawk river water, the remainder well water. On
December 20, the Mohawk supply was discontinued, and arrangements
made for a supply of filtered water from Green Island, which had no

Schenectady to Cohoes .... /7 mules
Cokoes - westTroy.. 3 .
West Troy - Albony.... 6 -

ALBANYH ‘

« Hud508 f;,,,

F16. 1.—TowNs8 AND WATER-WORKS INTAKES AT AND NEAR JUNCTION OoF HUDSON
AND MoHAWK RIVERS.

typhoid. In one week the report of new cases showed 15, while in two
weeks but 1 was reported. On returning to the Mohawk supply, in the
middle of January, a slight increase was observed. The total number
of cases in West Troy exceeded 100.

An epidemic of typhoid began at Albany in the latter part of De-
cember, 1890, and continued during January, February, and March,
1891. A total of 411 cases were reported, but this figure is stated to be
far below the real fact. Of the 411, only 18 are reported as occurring in
the district supplied with water by gravity from the inland lakes.

Waterford, Lansingburgh, and Troy, whose entire water supplies are
from fairly uncontaminated sources, were ordinarily free from typhoid
during this period. The same is true of Green Island, the water sup-
ply of which is filtered from the Hudson river by means of a filter
gallery.

The statistics of this epidemic, while not very complete, are of the
greatest interest. They show that in a total population of 150,000 liv-
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ing in several towns, all of which are supplied with a grossly contami-
nated water, the number of cases of typhoid occurring in a few months
was over 1,800, or about 1 in every 84 persons. At the same time, in
a similarly situated adjacent population of about 77,000, with an un-
contaminated water supply, very few or no cases at all occurred.

It will be understood that the upper Hudson is only slightly con-
taminated with sewage.

‘WHY CRUDE SEWAGE SHOULD BE KEPT OUT OF STREAMS.

Facts and discussions of the character of the foregoing lead to the
conclusion that, as a mere matter of ordinary prudence, it is unsafe to
allow raw sewage to flow into streams which are, at any point below
where the sewage flows in, the source of a public water supply.
The question of production of a nuisance by causing bad odors along
the stream is the least important part, and in many cases it is certain
that no material efluvium nuisance is ever created. Usually a mini-
mum volume of flow in a stream of about ten times the volume of sew-
age will be sufficient to prevent this.*

LisT oF WATER-BORNE COMMUNICABLE DISEASES.

Returning to the general question of infectious diseases, we may
note that the most important diseases which are usually water-borne,
but of which the germs may be present in the air of sewers receiving
the dejections of patients, are:

Typhoid fever, Cholera,
Diarrheea, Dysentery.

In the case of these infectious water-borne diseases, it may be laid
down as a fundamental proposition that the dejections of patients sick
with them should never be allowed to pass into the sewers until they
have been thoroughly sterilized by treatment with a proper disinfect-
ant. Such treatment should be used as an additional precaution, as a
mere matter of justice to any human being wishing to use the water
of a sewage-contaminated stream for drinking, and it should be further
used absolutely without reference to whether or not the sewage into
which the dejections are discharged is to be treated at disposal works.
The only exception to this rule may be found in the case of discharge
directly into tide water.

DISINFECTION OF DEJECTA.

The American Public Health Association in 1884 appointed a com-
mittee to investigate the subject of disinfectants; a series of experi-

# Notes on the Pollution of Streams. By Rudolph Hering, C.E., Trans. Am. Pub. Health
Assoc., 1887. Also Eng. and Bldg. Record, vol. xvii., p. 228.
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ments were instituted and a valuable report was made. Among many
other recommendations, the committee say, that for disinfecting ex-
creta in the sick room there may be used—(1) chloride of lime in four
per cent. solution (five ounces to one gallon of water); (2) mercuric
chloride in solution, 1 to 500 (two drachms of mercuric chloride to one
gallon of water). In order to give the mercuric chloride solution a
distinct color as a guard against mistakes, two drachms of permanga-
nate of potash may be added to each gallon when it is mixed in stock.
The label should bear the word “ poison” as an additional precaution
against mistakes.

The dejections having been received in a vessel, an amount of either
(1) or (2) equal to the quantity of dejections should be added, and after
thorough stirring the whole allowed to stand for at least one hour.
The mixture may then be safely permitted to go into the sewer.*

Of these two disinfectants the chloride of lime solution is the more
certain in its application to excrement, provided fresh chloride of
standard strength is used. It has the disadvantage that the dry chlor-
ide loses its strength quickly on exposure, and when there is doubt
on this score the quantity of chloride per gallon of water may be in-
creased.

The mercuric chloride solution is, however, certain in its effects, pro-
vided the precaution is always taken to thoroughly stir the excrement
until every minute particle is brought into contact with the mercuric
chloride solution. When not thoroughly stirred there is a tendency
to the formation of an insoluble coating, by the action of the mercuric
chloride on the albuminous constituents of the excrement, with the
result that the germ material in the interior of the masses may re-
main entirely unaffected, and still capable, when liberated, of propa-
gating disease the same as before disinfection. The chloride of lime,
on the contrary, has a tendency to disintegrate the masses of fecal
matter, thus bringing every particle in contact with the germ-destroy-
ing material.

Efficient disinfection of the dejections of typhoid and other patients
may be accomplished by the use of either of these formulse, due re-
gard being given always to the precautions indicated in the fore-
going.

IMPORTANCE OF DISINFECTION.

In illustration of the importance of disinfection of dejecta from
patients suffering from tvphoid fever and other water-borne commu-
nicable diseases before allowing them to pass into sewers, it may be
stated that the most efficient means of purifying sewage yet known,
intermittent sand filtration, cannot be depended upon to absolutely re-

#* Report of Committee on Disinfectants, loc. cit.
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move all the bacteria. Such means of purification will, however, ordina-
rily remove at least 99 per cent., and among those removed are presum-
ably a large proportion of the disease germs, if any are present, thereby
reducing greatly the chance of infection in any given case; but we
cannot yet assume complete removal of all disease germs, especially of
the more hardy varieties, as for instance the spore of typhoid fever.
An experiment at the Lawrence Station aptly illustrates this point.
Bacillus prodigiosus is a hardy, harmless variety of bacteria which is
said not to occur naturally in this country.* It has a bright blood-red
color, and grows luxuriantly in many situations. In order to test
whether sand filters would fully destroy a hardy variety, this bacillus
was added to the sewage applied to some of the experimental tanks,
and the efluent examined with reference to its appearance therein. The
result was that with coarse sand filters a few might be expected under
ordinary conditions to pass through ; while with fine sand filters, to
which comparatively small quantities of sewage were applied, the re-
.moval of Dacillus prodigiosus appeared complete. In a practical way,
therefore, we may conclude that, under the ordinary conditions of work-
ing, a few of the more hardy bacteria may pass through sand filters
and appear in the efluent. On this point there is still some uncer-
tainty, as will be shown further on in the discussion.t

* See Crookshank's Manual of Bacteriology, 5rd ed., p. 275, for morphology of Bacillus prodi-
giosus.

tThe following is the general account of the experiment with Burillus prodigiosus, as given by
Professor William T. Sedgwick in Part II. of the Mass. Spec. Report :

From what has been said * * #* it is clear that a very large percentage of the organisms of
the sewage perish in the filters during intermittent filtration. The question naturally arises, Do
any of the sewage organisms live to pass through, or are they all destroyed within, the filters?
those that are found in the efluent heing accounted for as having come from the discharge pipes,
under-drains, tank floors, etc., or from the air. 'The hygienic importance of this question is obvi-
ous, when we consider the extreme desirability of removing all pathogenic gexms from the sew-
age. At the same time the difficulty of solving the problem was great in some cases, inasmuch as
the kinds of bacteria likely to occur in the air, in sewage, in pipes and drains, are very similar, or
perhaps even identical ; and consequently the comparison of the species in the sewage and the efflu-
ents, apart from its inherent difficulty, was not likely to yield immediate results. It was, thercfore,
decided to experiment directly with rich cultures of a species of the bacteria foreign to the station,
which could be applied in the sewage, and detected, if present, in the efluents.

For this purpose Bacillus prodigiosns was chosen. 'This specics has never been observed in the
sewage or effluents, and is said not to exist native in this country. It is tolerably hardy, and
owing to its exceedingly rapid growth npon gelatine. and its production of a bright-red color in well-
developed colonies, 18 comparatively easy to recognize. guxuriant. vegetations of this species
were pmrred either in the naual ** gelatine tubes™ or in the ordinary **bouillon,” and after at-
taining the extraordinary development of which it is capable, so that a single cubic centimeter of
the fluid contained milfions of the individual germs, it was ready to be applied to the tanks.
One or two liters of this flnid, swarming with the germs of Bacillus prodigioxus, were then added
to the ordinary charge of sewage, for the larger tanks, and thirty cubic centimeters, or there-
abouts, to that for the smaller tanks, after which the mixture was poured upon the sur-
face. The smaller tanks of coarse mortar sand were first experimented with, and samples
of the efluent were collected, beginning several hours after the application. From data obtained
since that time it appears likely that these collections did not begin early enough to secure the
largest discharge of germs.

The results proved conclusively, however. that Bacillus prodigiosus passes through these tanks
of coarser sand. The number of germs discharged. as compared with the number applied, was
extremely small, which indicated, so far as it went, that most of those applied had perished in the
sand, precisely as those from the sewage mostly perish, during the ordinary operations of inter-
mittent filtration. In the first experiment Tank gleo. 14 was used, and three tubes of gelatine al-
ready liquefied by the culture, in all some thirty cubic centimeters, were added to the sewage
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By way of enforcing the statement that dejections of typhoid patients
should not be allowed to pass'into streams, or to be even cast on to the
ground before thorough sterilization, and also to farther indicate the
probable vitality of the typhoid germ, we may refer to another illus.
trative case, which, while often referred to in sanitary literature, may
still be once more profitably reproduced by reason of the many useful
deductions to be drawn from it. The case referred to is that of the
outbreak of typhoid at Lausen, Switzerland, in 1872, the facts in regard
to which are as follows:

TyrHoipD FEVER AT LAUSEN, SWITZERLAND.

The house at A, Fig. 2, contained a number of cases of typhoid
fever, during the summer of 1872, the first occurring on June 10, fol-
lowed by recovery in September ; the second on July 10, with recovery
in October : there were also two mild cases of short duration in August.
The dejections of all these cases passed into the Furlen brook, flowing
near.

At about the point C there is an area of land which it was custom-
arv to irrigate each year, from the middle to the latter part of July.
‘While the irrigation was in process this year, the public well of Lau-
sen, at D, became so turbid and foul-tasting that many people gave
up using it. This well distributes water through a wooden pipe to
four public pumps, marked on Fig. 2 by dots.

At that time Lausen was a village of 780 inhabitants, living in 90
houses. Its location is on gravelly soil from 35 to 65 feet above the
Ergholz brook, the elevation of which is about the elevation of the
ground-water under the village. The last epidemic of typhoid fever
was in 1814, when the village was occupied by soldiers ; so free had it

charge. This tank had previously been fitted with xide taps at different levels, in order to test the
bacterial composition of the descending fluid, step by step. Whenever it was desired to use these
taps, they were first sterilized by directing against them the flame of a plumber's naphtha burner.
In the present experiment the fluid collected from such a tap, one foot from the surface, seven
minutes after the application, contained Bacillus prodigiosus. The outflow from the same tap,
three minutes later, also contained this species, as did that from a tap thirty inches from the sur-
face, twelve minutes after application. It was not looked for in she efluent on this day (Nov. 21,
18%8), but was found in the effluent of the :)nd on three separate trials, as well as in that from
the thirty-inch side tap. It was also found in the efluent of the same tank three days after the
application (November 24), and seventeen days after (December 8). It was not found at any later
time, and although hundreds of examinations of the effluent of this tank, and of the sand compos-
x{xg (;pédha.vz been made, it has never been found since. The conclusion is inevitable that it speed-
ily died on

The next experiment was upon a tank of similar material, Tank No. 13, on Dec. 5, 1833. As
before, three tubes, or thirty cubic centimeters of a rich culture of B. prodigiosus, were ap-
plied in the sewage charge. On the Tth this species was found in the effluent, and also on the 8t
after which it disappeared completely. Apparently it died out even more speedily than in the
first experiment. .

Further experimnents, made at the Lawrence Experiment Station in 1891 and 1892, and given
in 23d Rept. Masa. Bd. Hith. (1890-91), pp. 604-7, show several instances of complete and nearly
complete removal of the Bacilli typhosus, prodigiosus, coli communis, and the bacillus of canal
water. An account of these experiments was given in Eng. News, vol. xxix. p. 19 (1893).
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been from typhoid that not a single case had occurred since 1865, when
a few were imported from Basle.

The first case occwrring in the house A, in 1872, was thought to have
been imported, as the patient had been away from Lausen during the
period of infection.

On August 7, 1872, 10 persons in Lausen were attacked with typhoid
fever ; from the 7th to the 16th, 57; from the 7th to the 28th, 100; and
in September and October, 30, after which the epidemic ceased; 8
cases were fatal.

Of the 130 cases, every one had used the public water supply from

F16. 2.—MAP OF LAUSEN, SWITZERLAND.

the well at D. Not one case occurred among those who drank other
water only. Thus the 6 houses marked S are supplied from their own
private wells; in them only two persons were taken sick with the
fever, and it was found that they had drunk the public water when
away from home.

On looking into the matter it was found that in 1862 a hole in the
earth had appeared at the point B, 8 feet deep and 3 feet wide, which
disclosed at its bottom a running stream, apparently fed by the Furlen
brook from a point higher up. At that time the brook was led into
this hole, with the result that the water all disappeared and in an hour
or two streamed out at the well D, showing a connection which had
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been suspected for years. On refilling the hole the brook returned to
its bed.

At the investigation in 1872, after the epidemic had ceased, the hole
B was reopened and a large quantity of salt thrown inj its presence
at D was soon ascertained by chemical examination. A considerable
quantity of flour was also added at B, but its presence could not be de-
tected at D.

As a result of the investigation it was found that:

(1) The Furlen brook was contaminated with typhoid dejections in
June, July, and August, 1872.

(2) The contaminated water was used for irrigation at C in July for
about two to three weeks before the outbreak of the epidemie.

(3) This irrigation water could not have been filtered in any proper
sense of the word as it was turbid and foul enough to cause many peo-
ple to discontinue the use of water from the well; hence:

(4) It seems fair to conclude that the germ of typhoid passed
through the ground from C to D, a distance of nearly a mile without
losing its vitality.*

It may be remarked that the non-appearance of the flour at D
although frequently cited as proof of the indestructibility of the germ
of typhoid fever by filtration is in reality no special proof on that
point, for two reasons: (1) because the pasty nature of the flour
would of itself conduce to its quick retention even in coarse gravel;
(2) in the case cited the typhoid germ was present in a comparatively
rapid flowing stream which, apparently, entirely filled all the voids of
the gravel for a considerable space, producing a case of rapid continu-
ous filtration in which the only filtering action would be that due to a
retention of suspended material; hence before it can be assumed that
the typhoid germ would not under any circumstances be filtered out,
it must be shown that all the voids in the filtering material are of less
size than the germs.

In considering questions of this character it is necessary to keep in
mind the distinction between continuous filtration and intermittent.

TypHOID FEVER IN MASSACHUSETTS CITIES.

In Table No. 2 we have the statistics of typhoid fever in 13 cities in

"Massachusetts, for a series of years, both before and after the intro-

duction of public water supplies from sources nearly all of which

* For more complete accounts of the epidemic of typhoid fever at Lausen, see

(I) The Lancet (London), July 15, 1876.

(2) Jour. Chem. Soc , June, 876

(‘i 6th t. Riv. Pol Con., p.

(4) Rept. for 1873, Army Med. Dept (Enghlh)
(5) 8th An. Rept. "Mass. St. Bd. Health, p. 124,

2
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‘YABLE No. 2.—THE YEARLY NUMBER OF DEATHS FroM TypHOID FEVER PER 10,000
OF THE POPULATION IN THIRTEEN CITIES OF MASSACHUSETTS BEFORE AND AFTEL
THE INTRODUCTION OF PUBLIC WATER SUPPLIES,

Yearly I + Yearl,
deaths Ly | deaths yby Percentage Population.
Public deaths in
. typhoid water typhoid the latter
Name. fever per suppl fever per ‘:'l o.d
Ed introduocd. s 'those in the 1870, 18%.
1859 to 1866, 1878 to 1889, former.
Fall River . .78 1874 6.32 81 26,766 74,808
Springfield. 9.67 1878 5.29 55 26,703 44,179
Taunton... 6.12 1876 5.02 82 18,629 25,448
Northampton 10 98 1871 4.04 n 10,160 14,4990
9.06 1871 387 43 28,233 55.727
7.7 1869 3.80 49 21,82 40,733
6.57 1876 3.65 56 12,825 14,579
8.04 18%0 3.54 44 7,987 23,081
10.59 1872 3.16 30 11,260 R 37
8.29 1873 2.9 36 8,560 13,499
4.8 1867 2.96 69 14,685 40,168
5.97 1867 2.89 48 18,547 20,909
5.12 1873 2.42 20 9,065 18,707
1

are reasonably free from sewage contamination. If we take into ac-
count the development of population in that state as illustrated by
the increase in these 13 cities for the 20 years from 1870 to 1890
we cannot but admit that the showing in favor of pure water supplies
as a preventive for typhoid fever is a very strong one. In Lowell
and Lawrence, the public water-works of which were constructed at
about the same time as those tabulated (1872 and 1875, respectively)
we find that the Merrimac river, a stream known to be badly contami-
nated by sewage, was selected and that the typhoid rate has not
decreased in either town. In Lawrence it has remained the same as
previous to the introduction of the public water supply, while in
Lowell the rate is considerably greater for the period following the
introduction of the Merrimac river water than before.

Of the several preventable diseases, typhoid is the best known both
in its etiological and pathological aspects; and in order to show its
relation to public health, Table No. 8, which has been compiled from
the health reports of the cities of New York, Philadelphia and Chi-
cago, is included.*

TypaOID FEVER AT NEW YORK, PHILADELPHIA AND CHICAGO.

From Table No. 3 we learn that the deaths from typhoid, in both
Philadelphia and Chicago, are on an average double what they are in
New York. The reason for this is found, it is believed, entirely in the

* This table is derived from data given in a paper, Typhoid Fever in Chicago. By Prof. Wm. T.
Sedgwick and Allen Hazen. Eng. News, vol. xxvii., pp. 399, 400 (April 21, 1892) ; also reprinted
in pamphlet form. Reference to this paper may be made for a large amount of statistical infor-
mation in regard to typhoid fever in its relation to polluted water supplies.
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relative degree of pollution in the water supplies of these cities. On
this point a considerable amount of evidence is submitted in the chap-
ters following.

The effect of introducing into a city a public water supply uncon-
taminated by sewage has been almost universally to materially reduce
the death rate from typhoid. In order to illustrate this point we may
refer to Tables Nos. 2 and 4.

TyrroID FEVER AT ROCHESTER, N. Y.

Table No. 4 presents the deaths from typhoid in the city of Roches-
ter, N. Y., by months, from 1870 to 1891, inclusive. Previous to the year
1873 this city, which then had a population of nearly 74,000, was en-
tirely without a public water supply. Water for domestic purposes
was drawn from shallow wells, which in the course of time had become
badly polluted through the operation of soil saturation. The extent
of the pollution may be appreciated by considering the results of a
series of analyses of the water of 40 wells made in 1877, when it was
found that the average amount of sodium chloride per U. S. gallon of
the well water was 16.78 grains. The normal sodium chloride of the
region, as determined from an unpolluted well, was 1.36 grains per

TABLE No. 4.—STATISTICS OF TYPHOID FEVER AT ROCHESTER, N. Y., FRoM 1870 TO
1891, INCLUSIVE.

Months, Eg
v, <
=2
Y | £ | ok § | g2
ear, .
B s E|l .| k| % 2 (<2
] 4 | . . ® [ 2 g £ @ 2 ~5§
IR IR IR AR AR D R A
R | < |2 13|38 |< |8 Z [~ & | =z=5
2| 3| 8 1 ? 1 5 2 | 12| 14 [ 3 b4 | 62.386* 5.68
8| 3| 2 1 0 3 3 2 2 7 2 3, 30 | 66258 | 4.58
6| 1| 2 2 1 1 4 8 |10 | 1 8 | 10 | 70 i 70,120 | 9.99
5| 6| 4 1 4 2 1 5 6 | 12 6 | 10 | 3. 8.24
11| 0 1 1 3 4 5 4 | 11 5 6 | 41 | 7864 | 5.27
5| 4| 2 32 8 2 3 2 3 | 11 4 3 | 44 | si7ee| 539
3| 8| 3 2 2 1 1 2 3 [ 4 2 | 81 | 8320|373
s{ 0| o0 2 1 0 0 4 5 5 6 2 27 | 84780 | 3.19
1 1] o0 1 4 1 1 3 4 0 0 117 | 6310 | 1.97
10, 1 3 1 1 0 2 1 1 4 3 | 17 | 87840 | 188
1{1] 1 1 0 0 1 5 0 7 3 1 | 21 | 89,366 235
3{ 0| 4 1 0 1 a 2 5 6 4 1 | 26 | 91860 | 2.62
3{ 2| o 3 38 1 0 0 4 5 4 5 | 0 | 94,650 | 3.17
81| 2 1 4 1 0 4 4 6 5 3 | 39 | 97960 | 3.98
8l o| ¢ 3 1 1 2 2 4 7 9 9 | 43 (101710 | 4.98
8| 3| 1 3 0 0 1 2 5 8 2 1 | 52 1105960 | 8.02
1 1] 1 3| 2 2 1 3 7 5 8 4 | 83 1110,450 | 3.99
8| 3| 2 1 0 0 2 2 9 9 5 3 | 38 (115,150 | 3.3
6| 4| 1 2 3 1 1] 10 | 14 9 2 2 | 54 120,150 | 4.49
1|38 1 0 0 1 5 4 8 8 3 7 | 89 |19, 3.09
3| 2| 8 2 2 1 6 3 6 7 8 | 5 | 43 |1338v6*| 3.
138 2 8 5 3 5 2 8 6 4 . 9 | 51 143,500 | 5.8
68 |42| 37 | 38 | 89 | 26 | 46 | 74 |12 1o*z|os|921s41 U

¢ Official population,
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gallon. At the same time the average amount of sodium chloride in
samples of sewage collected from nine of the principal sewers of the
city was found to be 5.26 grains per gallon. In some of the badly
polluted wells free ammonia was found to the amount of 1.5 grains per
allon, and albuminoid ammonia 0.5 grain per gallon.*

With a water supply of this character it was inevitable that sickness -
of all kinds would rapidly increase and we accordingly tind the typhoid
rate 10 per 10,000 inhabitants in 1872.

In January, 1874, a partial water supply was introduced from the
Genesee river, which, while not suitable for domestic purposes, was still
of value by reasoun of furnishing a means of flushing sewers and assist-
ing in maintaining the general cleanliness of the town.

In January, 1876, a domestic supply from Hemlock lake was intro-
duced. Its use rapidly extended among all classes of citizens, until in
1892 at least 95 per cent. of the total population used the water from
Hemlock lake for all domestic purposes. From such general use of an
uncontaminated water resulted a permanent material lowering of the
typhoid rate, as indicated in Table No. 4.

The detailed statistics of typhoid at Rochester show that in 1878 to
1880, the death rate from the disease was only 2.05 per 10,000 of the
population. During these years the use of Hemlock lake water was
extending very rapidly, and by the end of 1880 the use.of the uncon-
taminated water had become nearly universal in the localities most
affected by typhoid fever. A marked rise in the typhoid death rate
began in 1881, which has continued permanent to the present time,
averaging 3.51 per 10,000 for the period 1882 to 1891. The reason for
this increase is apparently as follows:

The city of Rochester is situated upon the Genesee river, a few miles
south from the point where the river empties into Lake Ontario. The
river now receives the crude sewage of over one-half the population,
and in the near future, when constructions now under way are com-
pleted, will receive it all, or the sewage of a population of say 140,000.
The total fall in the river in its course through the city is about 266
feet, the major portion of this being included in the three falls known
as the Upper, Lower, and Middle falls of the Genesee. The balance
of the total is included in several reaches of rapids. A short distance
below the Lower fall the river has found the approximate level of
Lake Ontario, and there changes its character from that of a shallow
stream with alternating falls and rapids to that of a stream with slug-
gish flow in a deep, wide channel. From this point to the lake, a dis-
tance of a trifle less than 6 miles, the channel <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>