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FOREWORD

A MosT interesting way of studying history is that of reading
original documents, addresses and writings by contempora-
ries of the events described; and this is just as true in the
field of public health as in that of general history. There
are no more important series of scientific writings on subjects
pertaining to preventive medicine, hygiene and sanitation
than those which have appeared in the annual reports and
special reports of the Massachusetts State Board of Health
during the period, covering nearly half a century, from 1869
to 1914. Several hundred in number and scattered through
sixty or seventy volumes, some of which can be found only
with the greatest difficulty, these writings are in danger of
being lost to the world, or, at least, of escaping the attention
of present day students of public health.

The best way to rescue these reports from oblivion seemed
to be to index them and in addition to prepare a series of ab-
stracts of leading articles, while the best way to give new life
to the most important writings, which might appropriately
be called the Massachusetts Classics in Sanitation, seemed
to be to reprint them, with such abridgment as might be
necessary to bring them within the compass of a single book.
Such reprints and abstracts are given in the present volume.
It is hoped that these writings which inspired the fathers will
also inspire the sons.

In making the selections especial prominence has been
given to the subjects of water supply and sewage disposal,
for it was in the investigation of these subjects that the State
Board of Health of Massachusetts acquired early fame. In
these writings the names of Nichols, Mills, Stearns, Drown,
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iv FOREWORD

Sedgwick, Hazen, Goodnough and Clark stand out promi-
nently. But the reprinted writings include also inspiring -
addresses by Dr. Henry 1. Bowditch on the subjects of pub-
lic health, preventive medicine, the physician of the future,
and intemperance; the statesmanlike reports of Dr. Henry
P. Walcott on such great metropolitan improvements as the
water supply and sewerage of Boston and its suburbs, and
the Charles River Basin; the wonderfully exact scientific
investigations of Dr. Theobald Smith in the field of bacteri-
ology; the careful statistical researches of Dr. Samuel W.
Abbott; the dairy studies of the impetuous Secretary, Dr.
Charles Harrington, as well as some of the more modern
writings on infantile paralysis by Dr. Mark Richardson and
food inspection by Mr. Hermann H. Lythgoe.

The abstracts are arranged chronologically in order that
the reader may obtain a better perspective of the studies
with which the sanitarians of the State Board of Health
were concerned at different periods of its history. -

The joint indices to the annual reports and special reports
will be published as a third volume.

The proof of this volume was corrected at long range dur-
ing the author’s journey to Russia as a Member of the Red
Cross Mission to that country. The chances for errors to
escape notice are therefore greater than usual and the reader
is asked to be charitable if such are found. The index to
this volume was very kindly prepared by Mr. Melville C.
Whipple, Instructor in Sanitary Chemistry, Harvard Uni-
versity, to whom I wish to express my sincere thanks.

GEORGE CHANDLER WHIPPLE.

Tok10, JAPAN
July, 1917
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SELECTIONS FROM THE REPORTS OF THE
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I

STATE MEDICINE
By Dz. HEney I. Bownrrcr

[Address of Dr. Henry I. Bowditch to the Gentlemen of the State Board of

Health at the first meeting of the Board, held at the State House, September 15,
1869. First Annual Report, 1870, p. 9.— G. C. W.]
By the orders of the Governor of the Commonwealth, it de-
volves upon me to call you together. As the subject-matters for
our discussion may be somewhat indefinite in all of our minds, I
take the liberty of addressing a few words to you, in order that
you may know not only what I consider the general nature of our
duties, but may also understand how high I place these duties
when I consider them in their relations to the present and future
health of the citizens of the state. I may be mistaken in my esti-
mate of the importance of the movement, the commencement of
which today devolves upon us. I confess to you that I know of
no higher office in the state than that which we now hold, viz.,
that of inaugurating the idea of * State Medicine >’ in Massa-
chusetts. Upon our high or low appreciation of the position and
of the duties resulting from that position, and upon our wise or
foolish performance of these duties, depends the success of the
object aimed at in the establishment of a State Board of Health.
The last Legislature, unconsciously, perhaps, on the part of many
members thereof, has proposed a system that may be made by us
capable of good to the citizens in all future time, or it may prove a
perfect abortion. Our work is for the far future as well as for the
present, and at this very opening of our labors we should try to
place ourselves above the region of merely local or temporary
excitement or of partisan warfare, in order that we may act wisely
and for the ultimate good of the whole people.

In these introductory general remarks, as you will see, my
object has been to impress upon you my views of the essential
dignity of the offices we now hold, and that we should assume

3



4 STATE SANITATION

them with minds loyal to the truth and under a sense of individual
responsibility in the premises.

I have used one expression about which I wish to enter into
some detail, viz., “ State Medicine in Massachusetts.” What is
the precise meaning of the expression ? It is of very recent growth
in our language. It has, in fact, arisen, I believe, within the last
few years in England, where already it has become a great power
for good. Its objects rank among the most important matters
now discussed by-the highest intellects and humanest hearts in
Great Britain. It is, as I understand it, a special function of a
state authority, which, until these later days of scientific investi-
gation, has been left almost wholly unperformed, or exercised only
under the greatest incitements to its operation, such as the coming
of the plague, cholera, smallpox, or some other equally malignant
disease. By this function the authorities of a state are bound
to take care of the public health, to investigate the causes of
epidemic and other diseases, in order that each citizen may not
only have as long a life as nature would give him, but likewise as
healthy a life as possible. As the chief object of the physician is
the cure, if possible, of any ailment which is submitted to his care,
so the far higher aim of State Medicine is, by its thorough and
scientific investigations of the hidden causes of diseases that are
constantly at work in an ignorant or debased community, to pre-
vent the very origination of such diseases. Much has already
been suggested in England towards the crushing out of fevers, etc.
Still more recently one of the grandest results of the State Medi-
cine is its virtual recognition under international law, by the
appointment of joint governmental commissioners for the inves-
tigation and prevention of the spread of Asiatic cholera.

The history of State Medicine in Great Britain may be briefly
summed up as follows: —

Only twenty-one years ago, namely, in 1848, England, stimu-
lated by the medical profession and the philanthropists, passed an
Act establishing a ‘ General Board of Health.” It gave very ex-
tensive powers, and statements of its doings from year to year were
published by Parliament. The Registrar-General’s reports also
tended to open the eyes of all to the importance of more thorough-
ness of work.
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In the early part of 1858, the Privy Council of England was
directed to consider the matter of public health. Accordingly its
chief medical officer, Mr. Simon, one of the most eminent of the
medical profession of London, was ordered to report to the council
on any matters pertaining to that subject. Every year since then
he has sent out, under official sanction, very valuable documents.
He has been allowed to call to his aid all the special talent in the
kingdom; and investigations of importance, not only to the state,
but to the science of medicine, have been annually made and pub-
lished by the council. And I beg you to bear in mind that all these
investigations have been made by the state with one sole object
in view, viz., the improvement in human health, and for the
lengthening out of human life of each individual man or woman.
Certainly no object can be nobler, none more deserving the atten-
tion of learned men or of philanthropists or statesmen.

Dr. Farr (Medical Times and Gazetle, July 31, 1869), in his very
recent and able address as president of the section on State Medi-
cine in the British Medical Association, pursues the following lines
of thought upon this subject: * Public hygiene is a want as much
as air, and public roads and waters are public necessities, and as
such must be cared for and paid for by the community.” Dis-
eases as disastrous as those among the Greek hosts before Troy
befell the English camp in the Crimea. Before Troy, appeals by
prayer were made to appease the anger of the gods; but God’s
divine laws of hygiene were unknown or uncared for. During the
Crimean war the people of England not only prayed, but with
indignant haste they hurled from power an inefficient ministry
because it neglected these same laws. Out of this upheaval of the
nation’s heart arose Florence Nightingale and Lord Herbert, with
their Christian sanitary law, bringing health and comparative
comfort to the war-worn soldier.

“ A sanitary code,” says Dr. Farr, “ is needed, with proper sani-
tary officers; for otherwise a code would be a dead letter.”” Hence,
continues he, “ a Ministry of Public Health will eventually be
needed for the British Empire.” I would remark, in passing, that
Jeremy Bentham suggested in his “ Constitutional Code’”’ the
same idea more than thirty years ago. ‘‘ Such a ministry,” says
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Dr. Farr, “ would divide itself into four departments — adminis-
tration, medicine, engineering, statistics — each of which should
be organized so as to work in harmony with a council of health
and executive heads. Each town should have its board of health
and its health physician in communication with and in aid of the
Central Board of Health.”

But public health has so wide a field that help is needed from
all; from the chemist, the engineer, the naturalist, and from the
humblest citizen as well as the highest statesman.

“ The primary object of public medicine,”” says Dr. Farr, “ is to
prevent disease, but it also surrounds the sick with conditions
most favorable to recovery, and diminishes the death-roll of the
people.”

Dr. Farr concludes his admirable address with the following
thought: “ Supposing every condition favorable for the perfect
operation of the powers of State Medicine, we should still see
grave defects in many persons; shortcomings in others; in many,
organic degeneracies; in many, criminal depravities.

““ How out of the existing seed to raise races of men to divine
perfection is the final problem of public medicine.”

You see, gentlemen, from these memoranda taken from Dr.
Farr’s address, that I am not alone in considering the object we
have to care for as among the highest that can be presented to any
reasonable man, or to any lover of his race.

The establishment of our Board by the last general court in-
augurates this system of State Medicine in Massachusetts. I
think that this is the first State Board of Health established by

~any American state; at least, with objects as extensive as those
now given to our charge.

The law under which we act, while not specifying so much as the
English law of 1848, gives us the amplest powers for investigation
and funds at our disposal for any legitimate purpose.

Let us look for a moment at some of the general objects and
duties involved in the Act establishing our Board.

1. It directs the Board to take cognizance of everything
tending to public health, and of course requires us to endeavor to
eradicate everything tending to public disease and death.
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2. It directs us to diffuse among the people a knowledge of the
means of obtaining individual and public health and of preventing
disease.

3. Weare ordered to investigate the effects of the use of intoxi-
cating liquors upon the industry, prosperity, happiness, health
and lives of the people, and it is intimated that we may suggest
legislation on any or all of the subjects committed to us for
investigation.

Now in order that the workings of the Board may become har-
monious and of real service, it is a self-evident proposition that
exact methods of procedure must be followed in all cases, and that
certain by-laws for the legal governance of the Board will be neces-
sary, and which shall not be varied from except under special
directions at a full meeting of the Board.

[Dr. Bowditch then proceeded to suggest certain plans for the
organization of the Board, and continued as follows]: —

The law requires us to diffuse among our people any already
established laws of public health, and also whatever we may here-
after discover on that subject. I look upon this feature of the law
with deep interest, for I believe by it we may do much service to
the people.

How shall we diffuse this knowledge ? Permit me to allude to a
few evident methods.

(a) By lectures from our Secretary or from members of the
Board on various special subjects connected with public hygiene
— such as ventilating, and building, and location of houses; on
various well-known diseases capable of partial or entire prevention
on knowledge of causes being given. It may be a question, more-
over, whether we should not authorize the Secretary to communi-
cate with lecture committees of various towns and the American
Literary Bureaus, and to make arrangements with physicians and
others to deliver lectures relating to public health in various
towns.

() By the Secretary holding meetings in the various parts of
the state for discussions on the subject, meetings analogous to
those now held on education, agriculture, etc. He might invite
the co-operation of local medical societies or special physicians. I
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have no doubt that such meetings, properly conducted, would
attract the attention and interest of the public.

(c) By the publication in a compact form and the wide circula-
tion of the pith, so to speak, of our general knowledge on public
hygiene. How this should be done would remain an open ques-
tion. If it could be done, there is no doubt of the good that would
eventually result.

(d) By our annual reports to the Legislature, which, I trust, will
always be models of brevity and of compact learning — not a
word too much or a word for effect merely — and so thoroughly
indexed that even the busiest man on ’change can in three minutes
get at the essentials, and be prepared to study the details of any
part or parts he may wish further to examine.

In conclusion, gentlemen, let me say that, while I feel alike our
grave responsibilities and the dignity conferred on each one of us
by His Excellency the Governor in his selection of us for these
offices, I have at the same time no misgivings; but on the con-
trary, the liveliest hope that this Board will faithfully and in an
able manner perform its duties, and thus it will become a real
blessing to our state, not only at the present time, but long after
every member of it has died. It will assuredly be such if we, the
necessary originators of its various details, only look at our duties
in the light of the broadest philanthropy and, as far as in us lies,
the wisest statesmanship, and finally with all the knowledge that
modern science can at present give us.

In making these introductory remarks, I have done only what
seemed to be proper; but I hope that others will speak what
seems to them good, so that starting on our new career with un-
derstanding minds and buoyant and willing hearts, we may vigor-
ously inaugurate State Medicine in Massachusetts.



II

THE PUBLIC HEALTH

[This circular letter was issued by the State Board of Health in October, 1869,
and sent to the Mayor and Board of Health of every city, to the Selectmen of every
town, to every member of the Legislature of 1869, and to every clergyman and
physician in Massachusetts. First Annual Report, 1870, pp. 15-17.— G. C. W.]

THE undersigned have recently been appointed by the governor
and council to constitute the * State Board of Health,” under an
Act passed by the last Legislature.

In entering upon our duties, which are rather advisory than
executive, we desire to establish such communication with the
local boards having this important subject in charge, that all may
work together for the common advantage of the people, for the
prevention of disease, and for the prolongation of life.

We believe that all citizens have an inherent right to the enjoy-
ment of pure and uncontaminated air, and water, and soil; that
this right should be regarded as belonging to the whole com-
munity; and that no one should be allowed to trespass upon it by
his carelessness, or his avarice, or even by his ignorance. This
right is in a great measure recognized by the state, as appears by
the General Statutes.

If these were strictly and impartially enforced, we should have a
condition of public cleanliness, and of public health, which would
make Massachusetts a model for all other communities. That
this has not been done depends upon many causes, some of
general, and others of purely local operation.

It has been doubted, whether the public mind is suﬁaently
aware of the dangerous elements around us; whether the connec-
tion between filth and disease is as yet proved to the public satis-
faction; whether the people are convinced that undrained land is
unwholesome to live upon.

All these doubts of the public intelligence have impeded the

operation of our laws.
9
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It is thought also that local and private interests have often
been so strong as to paralyze the action of the health authorities.

But we hope and believe that a better time is coming; and we
confidently look to you to put in force the powers which the laws
have placed in your hands.

Among these laws we would particularly call your attention
to J—

General Statutes, chapter 26, in which are comprised stringent
provisions relative to the abatement of nuisances, to vaccination,
to contagion, and to offensive trades.

Also, to chapter 49, section 151, relative to the sale of milk pro-
duced from cows fed upon the refuse of breweries or distilleries,
and to the sale of milk rendered unwholesome by any cause.

Also, to chapter 166, in which the law is given relative to the
sale of unwholesome provisions of all kinds, whether for meat or
drink; the corruption of springs, wells, reservoirs, or aqueducts;
the sale of dangerous drugs, and the adulteration of drugs of every
sort.

It will also be seen, on reference to chapter 211 of the Acts of the
year 1866, that it is in the power of any person, aggrieved by the
neglect of the board of health of any city or town to abate a nui-
sance, to appeal to the county commissioners, who can in that case
exercise all the powers of the board of health.

Chapter 253 of the Acts of 1866 authorizes boards of health to
seize and destroy the meat of any calf killed when less than four
weeks old.

Chapter 271 of the Acts of 1866 authorizes boards of health to
appoint agents, to act for them, under certain restrictions.

The Legislature of 1868 passed two Acts of great importance to
the public health, to which we would respectfully and earnestly
ask your attention. The first, chapter 281, 1868, applies only to
the city of Boston, and relates to tenement and lodging houses,
placing them under very strict regulations, for the public good.

The second, chapter 160, is of general application. It provides
that in any city or town, lands which are wet, rotten or spongy, or
covered with stagnant water, so as to be offensive, or injurious to
health, shall be deemed a nuisance, to be abated by the board of
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health of such city or town. In case they refuse to act, appeal may
be made, by persons aggrieved, to the superior court or any justice
thereof, who may appoint three commissioners with powers equal
to those possessed by boards of health.

We confidently look to you for the enforcement of these laws.

We believe that public opinion will fully support you in so
doing.

We will give you all the help in our power.

There is a great work before us, which, if carried out in the
letter and spirit of the laws referred to, we cannot doubt will
justify the wisdom which framed them.

In making this our first cominunication to the boards of health
of the various cities and towns of the Commonwealth, we sincerely
hope that it may serve as the opening of friendly and helpful rela-
tions between us, and that it will lead to reforms, the effects of
which will be evident in the improved condition of public health.

Communications addressed to our secretary, Dr. George Derby,
State House, Boston, will be at once acknowledged, and will be
laid before the State Board of Health at their next meeting.

Very respectfully, your obedient servants,

Henry 1. Bowprrcs,
GEORGE DERBY,
RoBERT T. Davis,
RicHARD FROTHINGHAM,
P. EMORY ALDRICH,
WARREN SAWYER,
Wiriam C. CHAPIN,
State Board of Health.
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INTEMPERANCE IN THE LIGHT OF THE COSMIC
LAW

By Dz. Henzy 1. Bowprrca

[Summary of the principal subjects considered in a letter of Dr. Henry I. Bow-
ditch to the State Board of Health on Intemperance as seen in the light of cosmic
law. Third Annual Report, January, 1872, pp. 72-73, 109-112. — G. C. W.]

IN our Second Annual Report is printed a correspondence on
the use and abuse of alcoholic stimulants among foreign nations,
and a comparison of the same with our own country in this par-
ticular. I think this correspondence is unique not only for the
extent of the surface of the globe that it embraces, but likewise
for the character of our correspondents. Last year, owing to
want of time, the letters were printed without comment, except a
most imperfect analysis of them. _

I have thought that they should receive more attention from us,
and that all their essential truths or apparent truths should be
sifted out and brought more clearly into view. I have had this
end in view while preparing this communication for you.

I cannot perhaps hope to gain the unanimous consent of the
Board to all the propositions I may feel justified in laying down
after a fair consideration of the various letters. But I trust you
will believe that I have endeavored to get at the exact truth.

In commencing the correspondence as your representative I
had no other object in view than to get the opinions of able corre-
spondents, most of them either American ambassadors to different
courts or consuls from the American government stationed in all
the various important countries of the world to which our com-
merce extends. My questions embraced two main ideas. They
were put briefly, because I believed that if I asked a few questions
containing seminal principles, I should get ampler responses than
if I should ask a greater number, which would necessarily require
a longer time and perhaps much study to answer correctly.

12
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The two ideas were, First — to learn the nature and character
of the stimulants used (if any were so used) by the inhabitants of
countries to which said correspondents were accredited, and the
influence of such indulgence on the health and prosperity of the
people.

Second — the relative amount of intoxication in said countries
compared with that known by such correspondents to exist in the
United States.

The papers were sent to thirty-three resident American ambas-
sadors and one hundred and thirty-two consuls and a few other
non-official personages and friends whose opinions I knew would
be of great value if obtained.

Among these correspondents are many of our most distin-
guished citizens, some of whom are well known for their eminent
intellectual and moral qualities. Usually they have resided for
some years in the places from which they write, and are of course
generally well acquainted with the habits of the people, not only
of the cities from which they reply, but also with those of the
people of the districts or countries in which these cities are situ-
ated. Most of them write as if they knew well the habits of the
people, and also those of our own nation in reference to the use
and abuse of stimulating drink. Hence their opinions on that
subject are of great value.

SUMMARY OF THE PRINCIPAL SUBJECTS CONSIDERED IN
THIS LETTER

1. Stimulants are used everywhere, and, at times, abused by
savage and by civilized man. Consequently, intoxication occurs
all over the globe.

2. This love of stimulants is one of the strongest of human in-
stincts. It cannot be annihilated, but may be regulated by rea-
son, by conscience, by education, or by law when it encroaches on
the rights of others.

3. Climatic law governs it. The tendency to indulge to intoxi-
cation being not only greater as we go from the heat of the equator
towards the north, but the character of that intoxication becomes
more violent.
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4. Owing to this cosmic law, intemperance is very rare near the
equator. It is there a social crime, and a disgrace of the deepest
dye. Licentiousness and gambling are small offences compared
with it. To call 2 man a drunkard is the highest of insults. On
the contrary, at the north of 50° it is very frequent, is less of a dis-
grace, is by no means a social crime.

5. Intemperance causes little or no crime toward the equator.
It is the almost constant cause of crime either directly or in-
directly at the north above 50°.

6. Intemperance is modified by race, as shown in the different
tendencies to intoxication of different peoples.

7. Races are modified physically and morally by the kind of
liquor they use, as proved by examination of the returns from
Austria and Switzerland.

8. Beer, native light grape wines and ardent spirits should not
be classed together, for they produce very different effects on the
individual and upon the race.

9. Light German beer and ale can be used even freely without
any very apparent injury to the individual, or without causing
intoxication. They contain very small percentages of alcohol
(4 or 4.5 to 6.50 per cent). Light grape wines, unfortified by an
extra amount of alcohol, can be drunk less freely but without
apparent injury to the race, and with exhilaration rather than
drunkenness. Some writers think they do no harm but a real
good if used moderately. They never produce the violent crazy
drunkenness, so noticeable from the use of the ardent spirits of the
North.

Ardent spirits, on the contrary, unless used very moderately,
and with great temperance, and with the determination to omit
them as soon as the occasion has passed for their use, are almost
always injurious, if continued even moderately for any length of
time, for they gradually encroach on the vital powers. If used
immoderately, they cause a beastly narcotism which makes the
victim regardless of all the amenities and even the decencies of
life, or perhaps they render him furiously crazy, so that he may
murder his best friend. While those who live in the tropics merely
sip slowly ardent spirits from the tiniest of glasses, with the
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slightest appreciable effect, the denizen of the frozen North
swallows half tumblers full of the same to the speedy production
of intoxication.

10. Races may be educated to evil by bad laws, or by the intro-
duction of bad habits. England’s taste for strong drinks has been
fostered by legislation, and by wars of nearly two centuries since.
France and parts of Switzerland are beginning to suffer from the
introduction of absinthe and of schnapps. Especially is this
noticeable since the late Franco-Prussian war. By classifying all
liquors as equally injurious, and by endeavoring to further that
idea in the community, are we not doing a real injury to the coun-
try by preventing a freer use of a mild lager beer, or of native
grape wine instead of the ardent spirits to which our people are
now so addicted ?

11. Arace, when it emigrates, carries its habits with it, and, for
a time at least, those habits may override all climatic law.

12. England has thus overshadowed our whole country with
its love of strong drinks, and with its habits of intoxication, as it
has more recently covered Ceylon, parts of the East, and Aus-
tralia.

13. This influence on our own country is greater now than it
would have been if our forefathers, the early settlers, had culti-
vated the vine, which would have been practicable, as seen by the
recent examples of Ohio and California, and from the fact that
the whole of the United States lies in the region of the earth’s sur-
face suited to the grape culture.

14. If these early settlers had done this, our nation would prob-
ably have been more temperate, and a vast industry like that of
France, of Spain and of Italy and Germany, in light native
wines, would long ago have sprung up.

15. The example set by California and Ohio should be fol-
lowed by the whole country, where the vine can be grown. Asa
temperance measure it behooves every good citizen to promote
that most desirable object. We should also allow the light, un-
fortified wines of Europe to be introduced free of duty instead of
the large one now imposed. Instead of refusing the German lager
beer, we should seek to have it introduced into the present * grog
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shops,” and thus substitute a comparatively innoxious article for
those potent liquors, which now bring disaster and death into so
many families.

16. “ Holly Tree ”’ branches for the sale of good food, tea and
coffee chiefly to the people, should, by the benevolent co-operation
of the community, be made to take the places of the numerous
grog shops now open for the sale of ardent spirits.

17. The moral sense of the community should be so aroused to
the enormity of the evils flowing from keeping an open bar for the
sale of ardent spirits, while those for the sale of light wines and of
lager beer should not be opposed, except for the sale to habitual
drunkards, after due notice from friends. Sellers violating such
law might be compelled to support for a time the family of their
victim.

18. The horrid nature of drunkenness should be impressed by
every means in our power upon the moral sense of the people.
The habitual drunkard should be punished, or if he be a dipso-
maniac, he should be placed in an inebriate asylum for medical
and moral treatment, until he has gained sufficient self-respect to
enable him to overcome his love of drink. These asylums should
be established by the state.

19. The appendix contains various letters on intemperance in
this and other countries, on reciprocity treaties for introduction
of European wines, etc.

In the sincere belief, gentlemen, that t.hls analysis of our corre-
spondence will, eventually at least, tend to help onward the most
excellent cause of temperance everywhere, and in the hope that
none will be offended at the expression, at times, of my own in-
dividual opinions, which in the course of the discussion I have
deemed it my right and duty to give, I remain,

Your colleague and friend,

Henry 1. BowpITCcH.
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PREVENTIVE MEDICINE AND THE PHYSICIAN OF
THE FUTURE

By Dr. HEnzY 1. BowpITCH

[Reprinted from the Fifth Annual Report, 1874, pp. 31-38 and 59-60. This
article, in the form of a letter to his colleagues, was written after being chairman
of the Board for five years.— G. C. W.]

IN my earliest communication with you I endeavored to express
in a few words some general views of the great and benign objects
presented before us, and the correlative public duties that de-
volved upon us, by our appointment as members of the State
Board of Health. I wished then to give my highest ideal of those
objects and duties, and I then expressed my belief that we should
not fail of doing some service to the people of Massachusetts if,
with simplicity of purpose and single-hearted devotion to that
purpose, we should pursue, slowly, perhaps, but steadily, the path
opening before us.

It is not my intention now to review what we have already
done. I may, however, be allowed to say that the annual liber-
ality of the Legislature in regard to our reports, and the fact that
the example of Massachusetts has been followed by several states
of this Union, who have established similar boards, is certainly
gratifying. It would seem that our example has stimulated others
to a like course of action in regard to Preventive or State Medi-
cine, as it has been sometimes called, because the improvement of
the public health and the prevention of disease among the people
is the object of both. This object has now occupied us for five
years, and we can, perhaps, see more clearly its tendency and
noble scope. We can also, perhaps, prophesy more decidedly
than before the beneficial results that will accrue to mankind
when the world enters heartily into its objects, and when similar
boards have been formed, and have worked for many years in
every civilized community.

17
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Preventive or State Medicine is of recent origin. It has been
the natural outgrowth of modern thought and resources, stimu-
lated by centuries of suffering and by the sacrifice of multitudes
of human beings. Modern thought, later and more scientific
methods of investigation, and more rapid means of communica-
tion of thought and of action have given this idea to the nations.
It is true that Hygiene, or the science which would promote
human health, has been discussed from earliest times, but com-
monly as applied to the individual man. The scientific study of
the laws of disease as they affect large masses of men, and the
voluntary efforts of great states to study those laws by means of
boards of health, or of experts set apart for this special purpose,
are strictly of modern origin. Hippocrates, wise as he was, could
not, with the imperfect means of communication in his day, have
inaugurated it. Moreover, in the earlier states, man as an indi-
vidual never stood, in the estimation of his fellows, nor of the
government, so high as he does at the present day under European
or American civilization. Formerly his welfare was subordinated
to that of the state. Now, the theory is exactly the reverse, and
the state claims to have the tenderest interest in the welfare of
each and every one, the humblest or richest of its citizens.
Formerly, all persons believed, as many now believe, that prayer
should be offered to the offended gods in order to stop plagues,
famine and death. But now, most persons feel that, although
prayer may avail much to enable an individual or a state to bear
calmly some terrible calamity or to die bravely, if need be, in a
great cause, it can never drive away fever, cholera, nor smallpox.
It can never cure consumption, though it may help both sufferer
and friends to bear it more patiently. To submit quietly to any
remediable evil, as if to the will of Providence, is not now con-
sidered an act of piety, but an unmanly and really irreligious act.
It is the part of error and stupidity which does not believe in the
duty of studying into the physical causes of disease, and in at
least endeavoring to crush out these originators of pestilence and
of death.

Modern Preventive Medicine has been hinted at by Nature
from the earliest time. Occasionally she has shown us how she
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can summarily strangle disease, and drive it forever from its usual
haunts. The great fire in London, in 1666, burned up the greater
part of that metropolis. With its great sorrows, trials and losses,
it brought one of London’s greatest blessings, viz.: the extirpa-
tion of the plague which had previously so often ravaged the
inhabitants.!

Intermittent fever has ceased in certain parts of Great Britain
and of this country under the influence of tillage and drainage of
the soil. Till inoculation was brought from the East and taught
to modern Europe, the physician could not mitigate smallpox.

Jenner, led by Nature’s teachings, substituted the milder
disease of vaccination for the fatal scourge of smallpox.

Private investigations in Europe and America have, in these
later days, proved that residence on a damp soil brings con-
sumption; and, second, that drainage of wet soil of towns tends
to lessen the ravages of that disease.

We have been taught by Murchison and others that fevers are
often propagated by contaminated drinking-water or milk. Our
own Board investigations have proved that contaminated air may
also cause it.

Still more recently cholera has been brought, in its origin and
progress, under law, and we know how we could probably prevent
it if proper precautions against its origin were taken. A neglect
of proper sanitary regulations tends to propagate this scourge,
year after year, over Europe.

These monitions given by Nature and individuals, as to our
power of checking or preventing disease, have at last culminated
in the fact that the state decides to use its moral power and
material resources in aid of State or- Preventive Medicine.
England, in this respect, outranks all other countries. America,
I think, stands next.

This appears to me the general course of events hitherto in
regard to public health. I do not mean to assert, however, that
nothing has ever been done before by the state. On the contrary,
the Parliament of Great Britain and other European states and
the legislatures of our various states have at times spasmodically

1 68,596 died of it in London, 1664-65.
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and tentatively, for centuries past, given powers to local town
boards of health. They have, moreover, at times, devised im-
portant plans for the health of the people and for the prevention
of the spread of certain diseases. But all these were trivial com-
pared with the present position of England and of some states of
this Union where state boards of health have been established.

Again, physicians have heretofore devoted themselves chiefly
not to the prevention, but to the “ cure ”” of disease. How utterly
impotent have commonly, been their efforts to cope with great
epidemics! The giving of medicine during a disease, not the pre-
vention of it, has been their chief aim, and the community now
generally believes that the physician is simply an administrator
of drugs. How rarely is a physician called upon to mark out the
course a man should pursue to prevent their use! Nevertheless,
modern times will bear ample witness to the zeal with which some
of the most distinguished of our number have protested against
the too free use of medicine, and have declared that our art must
be pursued more in accordance with Nature’s laws, and not in
total neglect of them, as was too frequently the case in former
days. Some few even, though I would protest against it, have
carried their skepticism so far as to lead one to believe that they
think the practice of Physic hitherto has been an unmitigated
evil.

With one accord I believe it may be said that the whole pro-
fession has cordially greeted the advent of State or Preventive
Medicine. What, it may now be asked, will be the effect upon the
public and the profession after two or three centuries of growth of
the principles of Preventive Medicine ? I look forward with high
hopes for the future of this young idea, founded as it is on the
duty of the state to investigate the laws of all diseases so that, as
far as possible, all shall hereafter be prevented. I think that idea
cannot fail of making a stalwart growth. It may make many
errors, but it must make yearly progress in the knowledge of the
more hidden causes of disease. At least three good results will
arise from it: —

1. The profession will learn that a system of therapeutics,
dependent on materia medica simply, is much less valuable
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than that which seeks to defend its patients from the insidious
approaches of the causes of disease.

2. The people will themselves learn to avoid many evils into
which they now fall, because of their ignorance of the laws of
health. They will have less faith in drugs, more in nature; more
in anticipating and preventing evil than in curing it after it has
begun.

3. The knowledge of the precise effects of special drugs, and of
their various compounds one with another, will become more and
more accurate under the teaching of modern experimental physi-
ology, and still more under clinical experience. Though it may
take centuries to develop, even to a small extent, the future
materia medica, the future physician will use each article with a
finer knowledge of the precise effects of each drug and of its com-
binations, than it is possible for us now to have. We can scarcely
foresee the time that will be required for this materia medica to
become even tolerably perfect. In fact, the knowledge of the
special action of drugs at the present day, compared with what
we have yet to learn upon this important subject, is a mere trifle.

Meanwhile, as the profession of medicine becomes more
thoroughly scientific, the people will also gradually learn that all
filth, physical, moral or intellectual, is absolute poison; that no
violation of physical, moral or intellectual law can be made, even
momentarily, without injury to human comfort and life, and
possibly without causing premature death. It willlearn that it is
not only worse than useless, but a vile wrong to one’s self, to use
various articles as incautiously as they are generally now used.

But it may be asked, What is to become of the physician and
his practice, when the public takes care of its own health more
than it does at present ? Will the profession be useless ? Far
from it. It will stand higher than ever. It will be the prophet of
the future, and will direct men how to govern their own bodies in
order to get the full amount of work and of joy that is possible
out of each body that appears in life. I feel sure that more than
at the present day will the wise adviser and practitioner of
medicine be then needed, whenever misfortune or wilfulness or
carelessness, folly or crime, shall have brought disease and per-
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haps a tendency to early death into a family. It will be the phy-
sician’s duty to show the way out of such impending evil. He
will take the child at its birth, and will cast its horoscope from the
past and present of its family tendencies, and its actual surround-
ings. Having well considered these data he will lay down the
rules of life which should rigidly be pursued by parents and by
himself in order to gain possession of as much of perfect health as
he is capable of having. As the dentist now undertakes to modify
and to guide the various processes of dentition from earliest child-
hood to old age, so the physician will be the monitor and guide for
the entire body from birth to death. The dentist is, philosophi-
cally speaking, in advance of the physician of the present day,
inasmuch as in his own specialty he oftener acts on the principle
of Preventive Medicine. It must be admitted, moreover, that
however wise a prophet the physician may be, and however
skilled in hygienic law the people may become, there will always
be a very wide margin of ignorance, folly and of adverse cir-
cumstances on the part of the public, which must be met, and, if
possible, remedied by the professors of our art.

To be able to aid in inaugurating such a future state of pro-
fessional and lay knowledge is surely an object worthy of our
highest effort. It is satisfactory to me, and I hope also to you,
to think that we are allowed to advocate this noble cause in
Massachusetts. It is my hope that by the efforts of the Board
the state will annually become more alive to its best interests,
and to its duties towards the people. Hygienic laws will be
enacted and they will be obeyed by the many, if from no other
motive, from self-interest. May we not hope that our country
homes will be more carefully guarded from the many causes of
disease that now, through ignorance beset them. I trust that
in our cities large tenements for the poor, in which there are
common corridors and water-closets or privies for two or three
hundred people, in which the comforts of home and all the
amenities of human life are set at naught, in which it is impossible
to educate a family in decency, and where disease and crime pre-
vail, will be declared public nuisances and pest-houses. I look
forward to the time when a city government will be considered
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criminal which, like the city of Boston, allows, year -after year,
sewers to be introduced as unwisely as they are at present, and
its sewage to be thrown broadcast about its borders, thereby at
times overwhelming its inhabitants with a tainted atmosphere.
The same government will, I trust, feel the importance of having
proper administration of the laws about drunkenness, guard-
ing itself alike against the futile waste of time of attempting to
enforce a general prohibition, or the allowing, as at present, of
unbridled license in the sale of liquor. When Preventive Medi-
cine has full sway, men will not be allowed day after day to
disturb the public peace or the comfort of their own families by
beastly drunkenness. The authorities of that day will promptly
decide whether it be the result of disease or of crime, and will
seclude the wrong-doer either in a drunkard’s sanitarium or a
prison. I feel sure, moreover, that the time will come when the
selling of rum to an avowed and well-known drunkard will be
deemed one of the most dreadful of crimes, inasmuch as drunken-
ness strikes at the root of the physical, moral and intellectual
health of the people. These are only a few of the blessings that
will arise when Preventive Medicine shall have its full sway over
our people, and when individuals and laws shall have been
gradually moulded by it.

As an example, imperfect though it must be, of what I think
will be the relations of physicians and the community compared
with those which they respectively hold at present, let me imagine
the following: Suppose two parents have hereditary tendencies
to consumption, and they are desirous of knowing how best to
manage their child that has just been born. They wish that it
may have the best chance of arriving at a good old age after a life
of health. Let us suppose that both parents have this ancestral
tendency to that disease of the lungs which is known as con-
sumption. According to some modern writers, it has many
antecedents or causes, but we shall probably know it for centuries
to come, as it has been known in the past, as the one disease of the
lungs that slays a large percentage of all who die in New England.
There are certainly some general topics, even with our present
knowledge of its antecedents, which would naturally and physi-
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ologically come under discussion in replying to the inquiries.
Among them are some which are generally applicable to all
human beings, whether in health or disease, viz.: residence,
nutrition, clothing, care of the skin, bathing, etc., recreations,
education, profession, exercise, walking, running, dancing, horse-
back exercise, driving, gymnastics, bowling, rowing, swimming.
Let me try to give most briefly some general ideas on each of
these topics.!

I have thus given you my views of the grand scope of Preven-
tive Medicine, and, as a most imperfect illustration of its future
usefulness, I have run through a series of recommendations that
I think any experienced physician might even now give, accord-
ing to the principles and rules of action that will weigh with the
physician of the future. And I believe that if these recommenda-
tions, with others that might be added by any family physician,
should be thoroughly carried out by the parent during childhood,
and by the man or woman when arrived at adult life, many that
will die of consumption would escape that calamity.

In saying this I do not mean to intimate that during the whole
period no other remedies, strictly so called, might not be neces-
sary. Doubtless they would be; and of the exact mode of appli-
cation of those remedies physiological experiment and clinical
experience of physicians are teaching us more and more every day.
I contend, therefore, that the physician of the future will stand
higher than ever, as Preventive Medicine advances. In this
statement I take a position exactly the reverse of that assumed
by President Barnard in his late address before the Health Asso-
clation at its recent meeting in New York. That gentleman
quietly informed his medical hearers that their doom was sealed
under the steady advance of modern science. Their services
would become less and less necessary, and would finally be no
longer needed by the laity. I think he is wrong and that my
views are correct, because, while human free agency and human
imperfection exist, while accidents, moral and physical, occur,
there will always be some occurrences tending to injure health
which no skill in prophecy can foresee. The wise physician will

! Discussion of these topics is omitted from this abstract.
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therefore be summoned to act immediately on important cases of
disease or threatened death. These he will meet not only by wise
preventive regulations for the future health of his patient, but
likewise by a careful administration of medicine, properly so
called, during the actual attack.

HEeNRY 1. BowDITCH.
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THE FILTRATION OF POTABLE WATER
By ProrEssor WILLIAM RrpLEY NICHOLS

[At the time when this paper was written the filtration of water was practiced but
little in the United States, although filters had been in use in London for over twenty
years. Professor Nichols discussed the subject in a scholarly and scientific manner
and those familiar with the subject will appreciate his keen powers of observation.
He did not then have a knowledge of bacteria and the germ theory of disease and
this accounts for his view that filtration will not purify polluted water. Reprinted
from the Ninth Annual Report, 1878, p. 139. — G.C. W.]

PROMINENT among the requirements of various commissions,
which have been busied in different places with the matter of
water-supply, is the statement which needs no commission to
establish; namely, that a good drinking-water should be free
from all suspended matter, and as far as possible free from color.

Comparatively few towns can congratulate themselves on
having in their possession, or even within their reach, a supply of
water which shall correspond in all points to the ideal drinking-
water. Often the question must be decided between an extrav-
agant expenditure of money, and a water which is of inferior
quality although not actually unwholesome. In theory, financial
considerations stand behind sanitary considerations; yet in
practice there is always a limit which cannot reasonably be
exceeded.

It is not proposed at this time to enter into any discussion as to
what may be, theoretically, the best source from which the supply
of water for town or city use should if possible be taken: in actual
practice it is often found necessary to choose as a source of supply
a river or pond, which, although it may not have become unfit for
use by reason of pollution, is of inferior quality owing to the
presence of suspended particles of vegetable or mineral matter,
or to excessive hardness, or to coloring matter of vegetable origin

in solution. In such cases it is possible to improve the quality of
26
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water which in its natural condition is not well suited for use. It
may, however, be regarded as a principle in sanitary science, that
a water which is polluted by admixture of substances known or
generally suspected to be injurious, to such an extent as to require
actual purification, should be rejected at once as a source of
domestic supply; but a water too hard for use may be softened by
Clark’s process, which is applicable on the large scale;! and a
water containing matter in suspension may be clarified by some
process of filtration, to be preceded as a rule, in the case of run-
ning streams, by subsidence. It is the purpose of the present
paper to consider, in the light of American and foreign experience,
artificial filtration on the large scale, especially with reference to
the conditions which obtain in our own state; and, on account of
its intimate connection with the same subject, we shall also con-
sider the so-called natural filtration method of water-supply, and
the filtration of water in the household.

Before beginning upon the subject proper, attention is called
to certain definitions, which to some will seem, no doubt, very
elementary. There is, however, a great deal of confusion in the
minds of even well-educated people, as to the use of the terms in
solution, and in suspension, as referred to waters; a great deal of
confusion, also, with reference to the distinction between clear
and colorless, ideas which are by no means synonymous. The
accurate use of the terms can probably best be made plain by
illustrations. If, for instance, we put some common salt into a
quantity of water, after a time the salt disappears, the ultimate
particles being distributed through the water so that they are no

1 The so-called hardness of water is due in the main to the presence of compounds
of lime and magnesia in solution. These compounds are generally the sulphates
and bicarbonates. When the hardness is due to the bicarbonates of lime and mag-
nesia, the water becomes softer on boiling, because the bicarbonates are decomposed
into carbonic-acid gas, which escapes, and the carbonates of lime and of magnesia,
which are insoluble in water. Practically the same effect as that produced by boil-
ing may be brought about by the addition of a proper amount of milk of lime. The
lime unites with the bicarbonates to form simple carbonates, which are deposited
as a white powder, incidentally removing at the same time most of the suspended
matter which the water originally contained, and often removing more or less color-
ing matter. There is no serious difficulty in applying this process on a very large
scale.
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longer distinguishable by the eye, even aided by the most power-
ful microscope: the salt cannot be removed by simple filtration;
and, although the solution is somewhat less mobile than water,
it is still transparent. This is a case of solution. Suppose instead
of the salt we take a quantity of blue vitriol (sulphate of copper).
The phenomena would be similar, but the blue color of the com-
pound would show itself in the solution. If the solution were
saturated, i. e., if the water had dissolved as much as it could, the
transparency of the liquid would be diminished on account of the
depth of color; it would be easy, however, to take a very thick
layer of the solution, and satisfy one’s self of its transparence.
Such a liquid is colored, but is also clear.

Suppose, now, we take some clay, shake it with water, and then
allow it to settle. The grosser particles will subside to the bottom
of the vessel, but the finer particles will remain in suspension.
Very finely divided clay will refuse to settle for weeks, and some-
times even for months. In such cases the liquid appears some-
what turbid and opaque; and although the individual particles
are too fine to be readily removed by ordinary filters, and too
small to be distinguished as particles by the eye, still the clay has
not dissolved, and the very turbidity or opacity of the liquid
shows the presence of solid particles, although they are extremely
minute. Such an appearance is not to be described as being
colored, although finely divided clay and other material may be
suspended in a liquid which does of itself possess a distinct color.
One often meets with the expression, and that too in standard
works, ¢ the water is discolored by clay,” when really it is a ques-
tion of a colorless water carrying particles in suspension. The
water in many of our New England streams is at seasons highly
colored by vegetable extractive matter in solution, while the
water may at the same time be perfectly clear and transparent.
On the other hand, our pond waters are often decidedly green;
but simple filtration gives a colorless water, and shows the green
color to have been due to particles of green (vegetable) matter
which were suspended in the liquid.
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ARTIFICIAL FILTRATION ON THE LARGE SCALE

The filtration of water on the large scale has been practiced in
England and on the Continent of Europe for many years, and
has become very general in cases where the supply is taken from
streams or ponds. From statistics which were laid before the
Diisseldorf meeting of the German Public Health Association, in
1876, by Engineer Grahn, it would seem that in Germany since
1858 there has been no town of considerable size supplied with
unfiltered river water, while the increase with reference to other
sources of supply may be seen from the following data: —

TABLE 1

TorAL NUMBER OF INHABITANTS IN EIGHTY TOWNS OF GERMANY, GERMAN-
AUSTRIA, AND SWITZERLAND

Supplied With 1858 1876
Unfiltered river water. ...................... 460,000 460,000
Filtered river water......................... 1,060,000 1,697,000
Spring and ground water (by gravitation) ..... 25,000 1,519,000
Spring and ground water (by pumping)....... 45,000 1,719,000

In the United States the practice of the filtration of water on
the large scale is but just beginning to come into use. In the
year 1866, James P. Kirkwood, C.E., went to Europe in the
interests of the city of St. Louis to study the clarification of river
waters used for the supply of cities; and his elaborate report !
on the subject of filtration in general is almost the only book on
the subject which is at all comprehensive. Full details of Euro-
pean practice are there given, as well as plans and suggestions for
filtering-beds for St. Louis. St. Louis has not yet adopted any
system of filtration, but several other cities of smaller size have
done so with more or less success: namely, Poughkeepsie, N. Y.,
in 1871; Hudson, N.Y., in 1874; Columbus, Ohio, in 1874;
Toledo, Ohio, in 1875. The necessity of filtration is, however,
in many places felt, and would no doubt have been long since
undertaken were it not for the additional outlay required for
subsiding-basins and filter-beds, and the expense of maintenance.

1 Kirkwood, “ Filtration of River Waters.” New York, 1869.
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OBJECT AND RESULTS OF FILTRATION ON THE
LARGE ScALE

Having considered the method of filtration in common use we
may now profitably inquire more closely into the object which it
aims to accomplish, and the results which are actually obtained.

Although, as we shall see later, something more is incidentally
accomplished, filtration in its strict sense is simply a mechanical
operation, and consists in causing a liquid containing suspended
particles of solid matter to pass through some material, the pores
of which, although large enough to permit the passage of liquids,
are still too small for the passage of the solid particles suspended
in the liquid. The suspended matter which by its presence in our
water-supplies makes filtration desirable is somewhat various in
character. Most rivers are liable, particularly at times of freshet,
to carry a greater or smaller quantity of mineral matters in sus-
pension; this may be, first, of such a character as to settle quite
readily by virtue of the comparatively high specific gravity of the
particles, as will be the case of the mineral matter consisting of
sand, mica, etc. Such material as this is readily removed by
filtration; but it is generally more economical to subject the water
to a process of sedimentation first, and settling-basins are quite
universally regarded as a necessary preliminary to successful
filtration. It is evident that without sedimentation a slower rate
of filtration must be employed, and the sand must be cleaned
more frequently.

The suspended matter may obstinately refuse to settle, as is
the case of rivers rendered turbid by the presence of clay in sus-
pension; in which case it is almost impossible as a rule to filter
the water slowly enough to obtain good results if the turbid water
without previous sedimentation is put directly upon the filter-
beds. Even with sedimentation the result is not always as good
as might be desired. The following table, taken from the Sixth
Report of the Rivers Pollution Commission, will give an idea
of the efficiency of the filtration as practiced by the various
London companies. The observations being made on monthly
samples, the statements of the table will perhaps hardly give a
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just idea of the results obtained day by day; but they will serve
to indicate the fact that the mere possession of filter-beds does not
secure perfectly clear water at all times.

TABLE 2

TuaMES AND LEE WATER. COMPARATIVE EFFICIENCY OF DIFFERENT RATES
or FILTRATION DURING THE YEARS 1868 TO 1873, INCLUSIVE

MR':‘::‘“ Number of Monthly Occasions When —
Filtration
Name of Company Expressed in i
Slightl, . V
Inches Per | Clear Toma | Tubid | Tumd
THAMES
Chelsea .................... 7.27 49 15 s 6
West Middlesex ............. 4.71 75 .- .. .-
Southwark and Vauxhall . .... 6.00 41 24 5 4
Grand Junction ............. 6.97 55 14 7 ..
Lambeth ................... 12.00 42 11 12 10
LEE
NewRiver ................. 5.00 70 4 .. ..
EastLondon ............... 3.85 51 18 3 2

In speaking of suspended matters it is hardly necessary to
allude to fish and small animals, or to chips and sawdust and other
such substances, intentionally thrown into running streams, or
to leaves and other fragments of vegetable matter which have
fallen from the trees and forests along their banks. Most of such
floating matter can be arrested by suitable screens, which would be
without effect as far as removing the finer particles is concerned.

We have spoken of the turbidity of many streams: ponds are
less liable to be turbid from the causes alluded to, being, in fact,
settling reservoirs; and in the case of old ponds with sandy or
gravelly sides and bottom there is seldom anything to complain
of or to necessitate filtration. Ponds are, however, particularly
liable to other sorts of suspended matters: namely, to growths of
minute vegetable organisms. This trouble concerns so intimately
the water-supplies of this region, where the water is quite com-
monly taken from natural or artificial ponds, that we may dwell
upon it somewhat in detail.
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No natural water which is exposed to the air and light, whether
in pond or river, is ever entirely free from vegetable growth.

The non-professional and non-botanical observer might very
likely divide the various plants found growing in the water into
three classes: 1st, and most readily recognized as plants, are those
commonly known as eel-grass, pond-weed, pickerel-weed, lilies,
etc., which have roots and leaves, and also, at the proper season,
flowers; 2d, and less readily recognized as plants, are the con-
fervoid growths,! as theyare often called, of filamentous structure,
grass-green or in some cases bluish-green in color, forming tangled
masses readily removed from the water, and, when so removed,
shrinking enormously in apparent bulk, and drying away to a
grayish or colorless mass, in some cases looking almost like coarse
paper. Plants of this character grow in almost all reservoirs, or
other bodies of water exposed to the light and air, both in still
and running water; they either float in masses in the water, or
grow attached more or less firmly to the rocks and stones of the
bottom of the pond or reservoir. By their growth they do no
harm to the water in which they flourish; and as they are readily
arrested by ordinary wire screens, or easily removed by rakes or
scoop-nets, their presence causes no serious inconvenience in
water used for town-supply.

The third division of the non-professional would include, if
indeed they were recognized as plants, those minute organisms
which appear as greenish specks, or minute straight or curved
threads, diffused through the water, visible enough if a large
quantity of water be looked at, but perhaps almost escaping
notice in the small quantity which would be taken up in a single
glass. Itis true that the individual plants are in some cases dis-
tinguishable by the naked eye, but their form and structure can
be made out only by use of the microscope. If collected together
as a scum, which often happens, especially on the windward shore
of a pond, the scum is not coherent, is easily broken up, either by
a wind setting in the opposite direction, by a shower of rain, or by

1 These, as well as those mentioned below, belong to the class of cryptogamous
(non-flowering) plants, which the botanists call algae, — plants which grow in the

water, or in moist places, and usually contain chlorophyll (green coloring matter),
or some allied substance. To their number and variety there is almost no end.
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artificial agitation. The appearance has been sometimes de-
scribed as that of meal or of fine dust scattered through the water.
The number of individuals is almost infinite, and under favorable
conditions they increase with great rapidity. Their presence
gives a decidedly green or greenish-yellow tinge to large bodies
of water; and their death and decay often cause considerable
offence to the sense of smell of those sojourning in the neighbor-
hood, and to the sense of taste of those obliged to drink the
water.

While very many species of the minute algae present this gen-
eral appearance, as far as my own observation and information
extend, the number of species which are known to increase to such
a great extent as to completely fill the waters of ponds of many
acresin area,and to cause sensible inconvenience, is comparatively
small; the most common in this neighborhood (New England)
seeming to be the Clathrocystis @ruginosa, but certain plants
referable to the Nostochinee are not uncommon alone, or in
company with the Clathrocystis.!

The inconvenience caused by the presence of the plant is felt
first by those who use the water for town-supply, and, secondly,
by those who cut ice upon the pond. While the plant is alive and
growing, there is little taste or odor given to the water, hardly
noticeable if the water is iced. When the plants enter into the
first stage of decay, the water acquires a peculiar taste and odor.
Light and a certain degree of temperature are requisite for the
normal growth of these algae, and the decay often takes place in
the mains and service-pipes; it will not infrequently happen
that the water in a reservoir or pond will have almost no taste,
while the water as delivered to consumers will have a decided
taste. By the settling of the green growth to the bottom in a
more or less decayed state, the ponds are generally cleared
before the cold weather sets in; but, in several cases which
have come under my observation, the material floats up to

1 It may be interesting to note, with reference to the chemical effect of the pres-
ence of these algae, that they are highly nitrogenous. A sample collected in the
Ludlow Reservoir was dried, and was found to contain 11.18 per cent of nitrogen.

The sample consisted mainly of the Clathrocystis, but of course it was impossible to
separate the microscopic animal organisms from the vegetable.
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the under surface of the ice, and is frozen into the ice, making
it unmarketable.
Among the various questions which are often propounded with
reference to the matter are the following:
1. What is the cause of the trouble ?
2. Is it injurious to health ?
3. Can anything be done to prevent it ?

(A) The Cause of the Trouble. — Although there is no doubt
that the trouble is caused by minute vegetable organisms, of
whose life-history a good deal is known to botanists, various
suggestions have been made as to the cause of its appearance.
By many it has been supposed to be a sort of fermentation, a
process of purification.! In some cases, this abundant appear-
ance of the green matter has seemed to follow the apparent in-
crease of sewage and other impurities discharged into the pond.
I have within the last few years examined a great many ponds
affected in this way, and cannot satisfy myself that there is any
connection between such discharge of sewage and the growth of
these algae: the amount of soluble nitrogenous matter, of am-
moniacal salts, of phosphates, and of other mineral compounds
necessary for their growth, are everywhere present; and it would
be unsafe to prophesy the security therefrom of any pond. Al-
though it would seem that ponds recently made by flowing
marshy or cultivated land were peculiarly liable to the trouble,
especially if shallow, my observations have led me to make even
this statement less emphatic than I was at first inclined.

Although these plants are not all killed by a considerable degree
of cold, still they thrive only in warm weather. Observations on
this point are incomplete; but such as I have been able to collect
would seem to point to a temperature of 70° F., or thereabout,
below which the trouble is not likely to begin. Extended obser-
vations on this point are much needed.

1 T have often found that residents (farmers and others) on the banks of large
ponds are familiar with what they call a *“ fomentation ”’ in the pond, taking place
with some regularity at certain seasons of the year, which phenomenon is, in some
cases at least, a growth of these minute algae.



FILTRATION OF WATER 35

I have been unable to satisfy myself that the presence of
aquatic plants at the margins of the ponds has other effect than
that of entangling and holding masses of scum, which if then
exposed to a hot summer sun rapidly enter into decay.

(B) Is the Matter Injurious to Health? —The observations as
to the effect on the human organism of water containing these
algae, are not, of course, very definite or cbmplete. In some
places, however, where the only source of supply is thus affected,
opportunity for observation is afforded. I have not been able to
obtain any evidence of the unwholesomeness of the water from a
supply which is in other respects of good quality. When the algae
are alive and fresh, horses and cattle drink the water readily, in
preference to spring water: when decay has taken place, the
water sometimes becomes so offensive that they refuse to drink it.
In this condition it is manifestly unsuited for domestic use.

(C) Can Anything be done to prevent the Trouble? — As far as
our present knowledge extends, nothing.

Various plans of local applicability are pursued in different
places, by which the annoyance is lessened. Sometimes while the
vegetable matter is a scum, water may be wasted from the sur-
face of the reservoir, at a point where the material has collected;
and sometimes the pond may be left to itself, and an alternate
supply made use of.

There is no difficulty in removing the vegetable matter com-
pletely by sand filtration, although of course the filters become
rapidly clogged. This clogging is aided also by the development
upon the beds themselves of confervoid growth, which in un-
covered beds becomes so abundant and vigorous as to form a sort
of carpet on the surface of the sand, which can be raked off in
coherent sheets, or rolled up. If the vegetable matter in the
water, or that which grows in the beds, enters into decay, and
communicates an unpleasant taste to the water, the filtration
may be unable to remove the taste completely.!

! T would be distinctly understood as not asserting that all bad tastes and odors

to which water-supplies are subject are due to the presence of these or other algae.
They are the real cause of a real trouble. The occurrence of a fishy, musty, cucum-
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It also seems that filtration through sand does not remove the
germs or spores of the plants; so that if the filtered water be
stored in open reservoirs, exposed to light, it is again liable to
vegetable growth. For this reason, such water, when once
filtered, should be delivered at once into the distribution-pipes;
or, if storage is necessary, it should be stored in covered reservoirs,
preferably of such size as to be readily emptied and cleaned if
occasion require.

CONCLUSIONS

I will here bring together the general conclusions reached from
a study of the practice and results at home and abroad, and from
my own experiments. ,

1. No material has yet been brought into practical use for
artificial filtration on the large scale, except sand.

2. With our present knowledge we have no evidence that sand
filtration can be regarded as an efficient means of purification of
polluted water; although it may, if properly carried out, lessen
the liability of ill effects.

3. All visible suspended particles, and an appreciable pro-
portion of organic matter actually in solution, may be removed
by properly conducted filtration through sand.

4. For the present, at any rate, it will be best to regard arti-
ficial filtration mainly as a means for the removal of suspended
matters, although under the management of a person of intelli-
gence, education, and experience, the simple sand filter is capable
of producing sensible improvement in respect to the organic
matter which is dissolved in the water. In ordinary practice,
however, it is quite certain that sufficient care will not be taken
to secure such results; and, in view of what is actually accom-
ber, green corn, or other peculiar odor or taste, may be due to the presence or de-
composition of certain algae; but it may be produced by the decay of more highly
organized plants, or by causes of which we are ignorant. For instance, the cucum-
ber taste which affected the Chestnut Hill Reservoir of the Boston Water Works in
1875 was traceable to no such cause, nor, indeed, to any assignable cause, although
careful examinations were made from a chemical, from a botanical, and from a
zodlogical standpoint. Other cases also have come under my observation, where no

algae, fresh or decomposed, could be found in sufficient quantity to account for the
unpleasant taste, which was very noticeable.
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plished in existing works, it seems to be best to regard the removal
of color and unpleasant taste as incidental, and likely to vary
very much according to the condition of the filter.

As the public mind becomes educated in the matter, a higher
standard of efficiency may be exacted; but for the present it
should not be held out to towns and water-boards as a result
which will follow filtration through sand, that a water which is
naturally strongly colored by vegetable extractive matter will be
rendered colorless in ordinary practice, although it is true, that,
starting with an entirely new filter, the first portions of water
filtered may be deprived of color, and such an experiment has
often led into error.

5. It is not worth while to introduce a system of sand filtra-
tion in the case of any town-supply unless there is the willingness
to make such outlay for construction and maintenance as shall
render the scheme thorough and efficient. This will involve
properly constructed filter-beds and generally settling-basins of
sufficient size; it will involve intelligent supervision, and frequent
cleansing and renewing of the material of the filter. It should
also involve, in the construction, the covering of the filter-beds;
and for the best effect the filtered water should be delivered at
once to the consumers. There should be at least duplicate beds,
so that there can always be one in use. If on account of lack of
duplicate beds, or for other reasons, it seems necessary to store
the filtered water, this should be done in covered reservoirs of
small size, which can be readily emptied and cleaned if occasion
require. It cannot be said too emphatically that sand filters,
or indeed filters of any description, are not automatic, and that
the effect obtained depends not only on the construction of the
filters, but also, and even more, upon the care with which they
are managed. I believe that money expended on a scheme for
filtration is practically wasted unless a sufficient outlay is made
to secure certain efficiency. It is possible to store the filtered
water under such conditions that it shall become as bad as before
filtration. A desire for economy in original outlay may lead to a
scanty area of settling-basins and filter-beds; but a subsequent
larger demand than the plant can meet will necessitate either
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too rapid filtration, by which imperfectly filtered water will be
obtained, and the beds fouled throughout; or an admixture of
unfiltered water, which, even if necessary for a short time only,
will foul the pipes, and undo the subsequent work of the filter.

I should not recommend any town to undertake the artificial
filtration of their water unless they were willing to face the prob-
ability of its costing from two dollars and fifty cents to three
dollars per million gallons in addition to the original outlay for
the works.
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ON SOME IMPURITIES OF DRINKING-WATER
CAUSED BY VEGETABLE GROWTHS

By Dr. W. G. Farrow

[This was probably the first paper in the United States to discuss adequately the
character of the microscopic organisms which cause tastes and odors in water.
Supplement o First Annual Repors, Board of Health, Lunacy and Charity, 1879,
p- 131.—G.C. W.]

THE object of the present paper is to present in a popular form
a statement of what is known with regard to the effect of the
growth of different plants upon the water in the ponds, streams,
and basins which supply the cities and towns of the Common-
wealth. In this connection the subject will be discussed from a
botanical point of view; and we can only consider certain strik-
ing properties, such as smell and taste, with relation to the par-
ticular species of plants which produce them, without taking into
account the more subtile changes which can only be detected by
chemical analysis. It is desirable that all who, in any sense, have
charge of the public health, should have some familiarity with the
common forms of plants likely to pollute drinking-water; because,
as the matter now stands, the public are at the mercy of any
person, who, armed with a compound microscope and a supply of
Latin and Greek names, chooses to alarm the neighborhood by the
announcement of the appearance in the water-supplies of plants
whose injurious nature is supposed to be in direct proportion to
the length and incomprehensibility of their names. The public
are now beginning to read about the germ-theory of disease; and
hearing that fevers may be produced by germs, and being told
that germs are found in water, they very naturally but illogically
infer that any small bodies found in the water are the germs of
disease. Whatever of truth there may be in the germ-theory of
disease, there is no doubt that designing persons impose on the

39
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credulity and fears of the public by representing as germs of
disease microscopic plants which could not possibly have caused
any of the diseases which have been supposed by scientific men
to be produced by germs of a vegetable nature.

The most striking plants which are found in fresh water are
those which are commonly called weeds; as, for example,
pond-weed, pickerel-weed, eel-grass, etc. They all have distinct
stems and leaves, and produce flowers, using the word in a
botanical sense. In some cases, as in the pickerel-weed and pond-
lilies, the flowers are striking, and readily recognized as such; but
in most of the water-weeds they are small and obscure, and pass
unrecognized by the public. The mass of the water-weeds of this
region belong to a comparatively few botanical genera; e. g.,
Myriophyllum, Ceratophyllum, Callitriche, Utricularia, Anacharis,
Potamogeton, Naias, Vallisneria, etc. They all start from
roots at the bottom of ponds and streams, and may attain
a length of several feet. Late in the season, and especially
when the water has been disturbed by strong winds, they break
from their attachments, and are washed ashore often in large
heaps.

The Lemnae, or duck-weeds as they are popularly called (see
Plate I, Figs. 4, 5), although classed by botanists with flowering-
plants, differ in habit from our other common water-weeds.
Instead of growing from the bottom, and having stems and leaves,
they float in immense numbers on the surface of the water, form-
ing a scum, as may be seen in the ponds of the town of Winchester,
and at other points in the Mystic Valley. The duck-weeds have
no distinct stem and leaves, but consist merely of more or less
roundish, grass-green disks, not usually more than a quarter of an
inch in diameter, from the under side of which delicate roots
project into the water. All the flowering plants commonly in-
cluded under the name of water-weeds. whether they grow from
the bottom, as is usually the case, and have distinct stems and
leaves, or, as in the exceptional case of the duck-weeds, float on
the surface in the form of a scum, may, under ordinary circum-
stances, be considered harmless as far as any direct effect pro-
duced on drinking-water is concerned.
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They may, however, be sources of trouble in two ways. In the
first place, they may cause a mechanical difficulty, when growing
luxuriantly, by choking up small streams or bodies of shallow
water. This difficulty is not so likely to arise in bodies of water
used as water-supplies as in the small sheets of water used for
ornamental purposes. In the latter case, it not infrequently
happens that the means taken for avoiding a growth of plants,
such as cementing or stoning the bottoms and margins of small
ponds, seem to encourage the growth of certain species of weeds
which do not flourish to any very great extent in natural basins.
In an artificial pond supplied by a brook in the neighborhood of
Boston, the water was completely filled, and the pond disfigured,
by a growth of the common water-starwort, Callitriche verna,
which in this region rarely grows in large quantities in brooks.
We may here refer to the well-known case of the plant known in
England as Babington’s curse, because it was introduced into
that country from America by Professor C. C. Babington of
Cambridge University. It is the species known to American
botanists under the name of Amnacharis Canadensis, which,
although not at all rare in this country, is not so common as to
prove a nuisance, or at least has not been so until within a com-
paratively few years. Introduced into England, and thence trans-
ferred to the Continent, it grew so luxuriantly as to choke small
water-courses, and thus became a great pest. Even in this coun-
try, the species is becoming more common, and that, too, in places
where special efforts are made to keep the water clear of weeds.
We may instance as an example Fresh Pond, now used as a source
of water-supply for the city of Cambridge, in which the Anacharis
has become so abundant that the pond has to be periodically
dredged. Just why certain species increase in bodies of water
which have been artificially stoned or embanked is not clear. It
may be that, by removing the larger weeds, a better chance is
given to the smaller species, among which Anacharis is included.
It may also be true, in the case of small pieces of water, that the
lime or other ingredients of the stones and cement used may make
the water better adapted to the growth of some species at the

expense of others.
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A second source of danger from the presence of large masses of
weeds, especially in basins liable to frequent changes in the height
of the water-level, lies in the fact that they may serve as places of
attachment or shelter for some of the injurious small plants to
which we shall have occasion to refer presently.

We have said, that, under ordinary circumstances, no direct
trouble is likely to arise from the growth of any of the larger
weeds in our water-supplies. By the expression, ‘“ under ordinary
circumstances,” we mean to presuppose that the plants are living
and flourishing. The question still arises as to the effect they
would produce in decay. The answer to this question falls rather
within the province of a chemist than that of a botanist; but it is
safe to say that no danger is to be anticipated from the death of
vegetation in the autumn, certainly provided the water for imme-
diate use is stored for a time in a receiving-reservoir.

The case of masses of plants suddenly killed by the lowering of
the water in the heat of summer may be different. Here it is pos-
sible that trouble might arise; but we have no direct evidence to
show that decided injury has resulted in any particular case from
drinking water coming from ponds or streams in which were
decaying plants of the group which we have characterized as
weeds. Neither can we say that any well-defined odor or taste
marks the water containing merely weeds in a state of decomposi-
tion. As we shall see, the extremely disagreeable tastes and odors
are produced by plants which cannot be included in the group
which we are now considering, — plants of a very different
appearance and structure.

Let us begin a more detailed study with an examination of some
of the typical forms of the Nostoc family, which are represented
in Plate II. The figures 4 and 5 represent respectively Celosphe-
rium Kuetsingianum and Clathrocystis eruginosa, two species
found diffused in the water, or forming scums upon the surface.
These two species consist of a mass of jelly, in which are embedded
the cells, which are bluish-green. We speak of such collections of
cells as colonies, because, in a certain sense, each cell is capable of
living by itself, and the dependence of the different cells on one
another is not essential, as it is in the case of the cells which form
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the higher plants. The cells of the Clathrocystis are spherical; but
those of the Calospherium are oblong, and all have their longer
axes directed towards the centre of the mucus in which they are
embedded. The last-named species may be found in its earlier
stages attached to the leaves and stalks of water-plants; and, in
that condition, the colonies are small and nearly spherical. When
found floating on the surface, they are generally lobulated as in
Fig. 4, and are surrounded by a colorless film of mucus, which can
hardly be well shown in a drawing. The film is often fringed by a
halo of very short colorless filaments, or rather rods. The rods
have no direct connection with the Calospherium itself but are
caused by the action of small parasites, species of Bacillus and
Vibrio, on the mucus in which the cells are embedded. A section
through the Celospherium colonies would show that the colored
cells are confined to the surface, and that the interior is a mass of
mucus or jelly traversed by bands of a denser substance than the
rest of the interior. The Clathrocystis, Fig. 5, begins as a small
solid body resembling the young Cealospherium, except in the
size and shape of the cells composing it. The outer cells increase
rapidly by dividing into two parts, each part growing to the size
of the original cell. By repetitions of this process, the plant which
was at first solid becomes a hollow mass of spheroidal shape.
Certain portions of the surface then bud out from the rest, and
the whole mass becomes lobulated and irregular. The projecting
buds or lobes then separate from the rest of the colony; and, asa
result, we have what is represented in Fig. 5, a net-shaped bag of
irregular outline. The lobes or buds which have fallen off so as
to leave holes in the mother colony form new colonies; and the
same mode of increase and budding is repeated in them.

The question as to the exact amount of harm caused by the
excessive growth of Celospherium and Clathrocystis in the water-
supplies is to be answered by physicians and sanitarians rather
than by botanists. The water immediately affected becomes too
offensive to drink; and the only practical question is, whether
the disagreeable properties are conveyed any considerable dis-
tance. During the period of the trouble in Horn Pond last sum-
mer, great complaint about the water was made in East Boston,
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which is supplied by the Mystic system. Something is perhaps
to be attributed to the imagination, as rather terrifying accounts
of the state of Horn Pond were published in the papers at the
time. But beyond this there was undoubtedly a real repugnance
to the water. As to the possibility of purifying the water by
filtering, and allowing it to stand some days in a reservoir, much
good may be accomplished; but, judging from the experience of
last summer, the water cannot be entirely purified by these
means.

In one respect, the fears of the public may be set at rest. The
theory that certain diseases, as fevers, are produced by germs of
some low forms of plant-life, whether true or not, has no bearing
on the present case. On the one hand, although we know that
the species described in the present article do cause the disa-
greeable pig-pen odor, and do render the water at times unfit to
drink, we know; on the other hand, that they do not cause the
specific diseases whose origin is considered to be explained by the
germ-theory. The germs, so called, are all species of bacteria,
distinct from the Nostoc family and much smaller. The public
should receive with very great caution any statements about the
dangerous effect of bacteria in our waters; and, instead of worry-
ing over the subject, had better leave the matter entirely in the
hands of scientific people, who, at the present day, are the only
persons who can be expected to follow the complicated and
obscure relations of this difficult question.

In conclusion, we must mention one or two species which pos-
sess an interest in connection with those already described. One
finds on the submerged iron of almost all water works a rusty-
colored, slimy plant. This is Lyngbya ochracea, or, as it is more
frequently called, Leptothrix ochracea, a very much more delicate
species than the Lyngbya shown in the accompanying plate. It
does no harm to the water, as far as injury to its drinking prop-
erties is concerned; but it is a great pest to paper manufacturers,
who require water free from all coloring matter.

We must also mention a small group of plants, the Beggiatoe,
classed by some writers in the Nostoc family; although they are
white, not bluish-green, when seen with the naked eye. The
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species of Beggiatoa are filamentous, and look something like a
Lyngbya destitute of a sheath. They are characterized by the
rapid vibrations of their filaments, and by the fact that they give
off an odor of sulphuretted hydrogen. They are common in
house-drains and sluggish ditches near factories, especially where
the water is made warm by discharged steam or hot water. They
are also found along the seashore, and abundantly in hot springs,
and appear to the naked eye like very fine white films. Under the
microscope the filaments are seen to oscillate, at the same time
advancing or retreating; and in the cells themselves are dark
granules which consist of sulphur.

From a botanical point of view, the floating Nostocs are very
interesting; but it is usually difficult to get good material for
study unless one is on the spot. The species of Anabena are
especially prone to break up and decompose when sent by express,
and the various preservative fluids are of little use. To determine
the species one should have the spores and heterocysts in position.
The best way of preparing specimens is, by means of a pipette, to
drop some of the water containing the plants upon a piece of mica
or glass, and let it dry. The specimens can then be sent any dis-
tance; and, on re-moistening, the filaments swell up so that they
can be well studied. If they do not at once recover their form, a
little ammonia or potash may be added. Information about the
winter condition of the vegetation is very much wanted; and
especially do we need an accurate chemical knowledge of their
relation to the water in which they grow.
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EXPLANATION OF PLATES

Prate I

Al the species figured in this plate are grass-green, and produce no injurious
effect on drinking-water.

F16s. 1-3. — Chara coronata, var. Schweinitzii, A. Br. Fig. 1, life size; Fig. 2,
branch with antheridia, a, and sporangia, b, magnified slightly; Fig. 3, sporangium
containing spore magnified so diameters.

Fi1Gs. 4, 5. — Lemna polyrrhiza, L. Fig. 4, life size; Fig. 5, the same seen from
the under side, and slightly magnified.

Fi1Gs. 1-5 were drawn from life by Mr. C. E. Faxon.

F16. 6. — Cosmarium Botrytis, Menegh.. From Ralf’s British Desmidiez. a and
b are two unicellar individuals, which are represented in ¢ and d respectively as
having ruptured, their contents having united to form the spore, s. Diameter of
spore, gy of an inch.

FiG. 7. — Spirogyra from Luerssen’s Handbuch. ¢, chlorophyl-bands in the
cells; s, spores formed by the union of the contents of two cells. Magnified 240
diameters.

Prate II

All the species figured in this plate are of a bluish-green color, and in decay give off
a pig-pen odor.

F16. 1. — Calospherium Kuetzingianum, Naeg., and Anabena Flos-aque, var.
circinalis, Kirchner. From the surface of Basin No. 3, South Framingham, October,
1879. Magnified 300 diameters.

F16. 2. — The same, showing details of Anabens. a, spores; b, heterocysts.

Fi1G. 3. — A portion of Fig. 2, magnified 600 diameters.

F16. 4. — Celospherium. From Fig. 1, magnified 600 diameters. A gelatinous
halo is usually found round the colonies when seen with this power.

F16. 5. — Clathrocystis aruginosa, Henfrey. From Fresh Pond, Cambridge,
October, 1879. Mature colony magnified 400 diameters.

F16. 6. — Lyngbya Wollei, Farlow. From Horn Pond, Woburn. A portion of
two filaments magnified 400 diameters, showing the bluish-green disk-shaped cells,
surrounded by a colorless sheath.
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A STUDY OF THE RELATIVE POISONOUS EFFECTS
OF COAL AND WATER GAS

By WrLiaM T. SEpewick and WiLLiaM RipLEY NICHOLS

[This paper was written at a time when there was a vigorous legislative contest

over the subject of water gas, instigated by rival business and political interests.
The object of the investigation was to obtain the scientific facts as a basis for a
proper settlement of the question. In spite of the findings, the water gas interests
won, and this gas has been widely used in recent years, Reprinted from Supplement
to Sixth Annual Report of the State Board of Health, Lunacy and Charity, 1884,
p- 275.—G. C. W.]
THE recent extensive employment for illuminating purposes
of the so-called ““ water ”’ gas, derived from the decomposition of
steam by the action of incandescent coal and enriched with the
vapor of naphtha, has excited a vigorous discussion of the ques-
tion whether this gas is, or is not, more dangerous to the public
health when distributed for the purposes of illumination, than the
ordinary “‘ coal ” gas derived from the destructive distillation of
bituminous coal. Up to the present time, although opinions,
chiefly a priori, have been freely expressed in the affirmative, and
especially in the negative, in answer to the question, very little
experimental evidence has been available.

In view of the possibility of the general substitution of water
gas for the coal gas now in common use in Massachusetts, the
question has assumed a large public importance, and accordingly,
under the instruction and direction of the State Board of Health,
Lunacy and Charity, an investigation was undertaken by us, in
the hope of obtaining facts which might serve to answer the
question.

At the outset an experimental room was built to imitate in size
and closeness an ordinary sleeping-room of medium size. It was
originally our intention to place in this room animals of different
kinds (in order, by learning the effects upon animals in general,
—since it was not possible to experiment upon men, — to infer
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concerning the effects upon man himself), and then to introduce
into it, through one or more burners, at a known rate, coal gas or
water gas in successive experiments. This room was readily sup-
plied with coal gas, and it was supposed that it would not be
difficult to obtain and control a supply of water gas sufficient for
ouruse. But in this we were disappointed, and after several
attempts and many annoying delays it became evident that it
would be easier and in some respects better to visit places sup-
plied with water gas and there make comparative experiments.

Accordingly, we visited Middletown, Conn., and Athol, Mass.,
both of which were supplied with water gas, and there made sev-
eral experiments. Afterwards we remodelled the original room
supplied with coal gas—at Newton Centre, Mass. —and there
concluded our experiments upon animals. More recently, one
of us has made a special experiment in a room in his own house,
and has also studied the influence upon coal gas of its passage
through artificial soils. For the special details of most of these
experiments reference must be made to the appendix! to this
paper. There also will be found the description of the methods
employed in sampling, in analysis, etc. In the present place it will
suffice to state the results to which our experiments have led us,
and also certain practical conclusions which naturally follow.

I. With ordinary gas fixtures it is generally difficult to get
more than three per cent of illuminating gas into an ordinary
room. By using one burner alone it is difficult to exceed one per
cent.

The explanation of these facts is very simple and depends
upon the rapid leakage and diffusion — the ‘“ natural ” ventila-
tion — which is all the time going on through the walls, ceiling
and floor, and through the * cracks "’ about the doors and win-
dows. The rate at which this goes on keeps pace in a general way
with the amount of inflow, increasing as the inflow increases, so
that no extensive accumulation can take place. Rather, a bal-
ance, so to speak, is struck if the inflow be constant, between
the amount flowing in and that flowing out, so that a tolerably
definite quantity is always in the room. But as the outflow

1 Not here reprinted.
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increases more rapidly in proportion, in order to raise to any
great extent the amount that shall remain in the room, it is
necessary that a very much larger amount shall flow in. For
example: with six feet per hour it is difficult to keep one per cent
in a small room, but it would be much more difficult to reach
two per cent with twelve feet per hour, and quite impossible
(under ordinary circumstances) to reach six per cent with thirty-
six feet per hour.

II. With coal gas it is a matter of some difficulty to get into
an ordinary apartment through the ordinary burners gas enough
to produce upon healthy animals distinctly poisonous effects.
With water gas, on the contrary, it is comparatively easy to get
into an ordinary apartment, through the ordinary burners, gas
enough to produce poisonous and even fatal effects.

This is not because water gas flows in more freely, or accumu-
lates in any way, in the room. For the percentages present under
similar circumstances, after the lapse of the same time, do not
materially differ with the two gases. The only explanation which
we have been able to discover is, that under the same circum-
stances water gas is considerably more poisonous than coal
gas.

There is little doubt that in order to produce poisoning by
either gas, a certain percentage of carbonic oxide must be present.
And upon this view the facts are readily interpreted, for water
gas contains enough of carbonic oxide to supply under these cir-
cumstances a dangerous amount while coal gas does not. It must
certainly be accounted a curious fact, though it appears to be
true, that in the combination of ordinary apartments, ordinary
gas fixtures and ordinary coal gas, there happens to be compara-
tive safety, while in the combination of ordinary apartments,
ordinary gas fixtures and ordinary water gas, there is comparative
danger.

III. It does not follow that because one illuminating gas con-
tains three, four or five times as much carbonic oxide as another it
is therefore only three, four or five times as dangerous to life.

A little consideration will show that no such simple relation can
possibly exist, For it is not conceivable that a gas containing
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ninety per cent of carbonic oxide would be exactly twice as dan-
gerous to inhale as one with forty-five per cent: both would be
extremely dangerous. Nor would pure carbonic oxide be merely
one thousand times as dangerous, if inhaled, as a mixture of air
and carbonic oxide in which the latter amounted to o.1 per cent:
it would be infinitely more dangerous. Again, a mixture of air
and illuminating gas might be inhaled for a short time, which con-
tained only o.0o1 per cent of carbonic oxide, but to say that this
was precisely half as dangerous as a mixture containing o0.002 per
cent would be obviously absurd: neither would be noticed at all.

From the experiments of others, and from our own work, there
is no doubt that atmospheres containing eight per cent or more of
either coal gas or water gas will destroy life very quickly, and that
atmospheres containing o.2 per cent or less of either gas may be
breathed for a long time without producing distinctly poisonous
effects. But, between these limits, there is for each gas a per-
centage (different in the two gases and always a lower percentage
with water gas than with coal gas), above which the danger
increases, and below which it diminishes, very rapidly. This
percentage is known as the ‘ danger-line,” or “ threshold,” and
varies widely with individuals, sex, physical condition, etc. In
terms of carbonic oxide it is probably never very far from o.5
per cent for the human species.

The reason why water gas is so much more dangerous than
coal gas appears to be that this danger line is comparatively
easily reached or overstepped with water gas, rich as it is in
carbonic oxide, while the comparative poverty of coal gas, in
this respect, brings it well below the line into the regiom of
comparative safety.!

IV. Ourexperiments confirm the work of Gruber and others who
claim that carbonic oxide is not a cumulative poison. That is,
the breathing of a small quantity for a long time is not equiva-

1 In these particulars carbonic oxide is not different from many other poisons.
Thus a grain of morphia generally proves fatal to a healthy adult. A quarter of a
grain is generally harmless. Obviously, the grain is not merely four times as dan-
gerous. But between the quarter and the whole there must be some quantity which

is a sort of limit of safety, and above which danger becomes imminent, while below
it safety rapidly increases.

secoet
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lent to the breathing of a large quantity for a short time. A
similar conclusion may be drawn for all the constituents of
illuminating gas.

This, however, does not preclude the possibility, which can
hardly be doubted, that even small quantities produce their
proper physiological effects, though these may not be immedi-
ately perceptible.

From the fact that carbonic oxide is not a cumulative poison
and from the considerations mentioned before concerning the
rapid increase of danger above, and the decrease of it below the
‘“ danger line,” it follows that, within certain limits, the less
carbonic oxide there is in illuminating gas the safer it is for public
use. For about the danger line a very moderate decrease of
carbonic oxide may very greatly enhance its safety, while a
moderate increase may very greatly multiply the dangers arising
from its use. Nevertheless, with very high percentages of carbonic
oxide and with very low ones this does not hold good, because
far above and far below the danger line, the effect of slight
variations is very little.

We may now illustrate the foregoing conclusions by examples
drawn from our own experiments and more fully described in the
appendix.! And first, as to the difficulty of charging rooms
heavily with illuminating gas.

A room containing 1,140 cubic feet of space was supplied with
four ordinary burners. Through these there entered the room ata
tolerably constant rate during 24 hours, 1,200 feet of coal gas.
Yet at the end of the 24 hours the top of the room just above the
burners contained a mixture of gas and air of which the former
composed only three per cent, while the lower portions of the
room showed less than one per cent. Again, a room holding about
the same amount of air received 55 feet of water gas during 1}
hours. At the end of that time the largest amount discoverable
in the room was 1.1 per cent of gas in the whole mixture of gas
and air.

To illustrate the second conclusion, viz., that it is somewhat
difficult to get in enough gas by the ordinary fixtures to kill, if the

1 Not included in this volume.
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gas be coal gas, but relatively easy if it be water gas, it is only
necessary to note the effects of the two experiments just quoted.
In the former (coal gas) after 24 hours the animals though some-
what drowsy and stupefied were not seriously affected, while in the
latter, after 14 hours only, similar animals showed most alarming
symptoms and one was dead from the effects of the gas. From
other experiments it is certain that had this experiment been long
continued, others, and probably all the animals would soon have
perished.

Similar considerations illustrate the third conclusion, for it is
impossible to say that in the latter case the animals were only four
or five times worse off than in the former. It is plain that as their
lives were in imminent danger and as they were vomiting and in
distress, it is not possible to express their relative danger mathe-
matically. The first experiment just mentioned also indicates
that carbonic oxide is not cumulative, for exposure to a small
amount for 24 hours led to no serious consequences.

As to the time required to produce poisoning: this seems to be
merely the time required to attain a poisonous percentage of
carbonic oxide; and this clearly depends on the rate of inflow, the
size of the room, the leakage, etc. Nevertheless, owing to the
peculiar fact already mentioned that the danger line for both
kinds of gas probably lies between o.2 of one per cent and eight
per cent of gas in a mixture with air (though always lower with
water gas than with coal gas), and that with ordinary rooms and
ordinary fixtures such percentages are liable to be obtained, it
becomes interesting to compare the time relations in such
apartments.

The following experiments illustrate this, besides showing how,
under certain circumstances, a very moderate inflow of the two
gases may lead, respectively, to totally different consequences:

By means of partitions, two rooms — one in Newton and one in
Athol — were made as much alike as possible, both as to shape
and cubic space. Each room had a capacity of about 700 cubic
feet, which was somewhat larger than a room in Middletown in
which a fatal case of poisoning from water gas actually occurred.
Three dogs, two cats and two rabbits were placed in the room in
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Athol, and the water gas in use there, containing about thirty per
cent of carbonic oxide, was allowed to flow in from a single ordi-
nary burner, at the rate of six feet per hour. The experiment
began at 11.15 A.M., and at 12.45 P.M. vomiting, delirium, convul-
sions, etc., had already been noted. Half an hour later, all the
animals were unconscious, or apparently so, failing to respond to
calls and to vigorous knocks upon the walls. At 2.30 P.M., or
about three hours from the start, two cats were dead, and the
other animals were prone and quite unconscious. The dogs died
at 3, 4, and 6.30 o’clock, respectively, — the rabbits, also, at
6.30. Ina word, symptoms of poisoning were well developed in an
hour and a half. Deaths began to occur in a little more than three
hours, and all were dead within eight hours.

In the corresponding experiment at Newton, made with coal
gas containing about seven per cent of carbonic oxide, two dogs,
two cats, two rabbits and two pigeons were placed in the room,
and the gas was introduced from an ordinary burner, as before,
and at the same rate, — six feet per hour. The experiment began
at 8 A.M., and for three and one-half hours no symptoms of con-
sequence were observed, and then only drowsiness and general
anxiety, with salivation in one case. At 4 P.M,, i. e., after eight
hours, at the end of which time in the other experiment all the
animals were dead, nothing more than a gradual exaggeration of
the symptoms had occurred. Recovery, apparently, would have
been still possible and even easy, at this time.

After 24 hours, i.e., at 8 A.M. of the next day, one cat and
one rabbit were dead, but the others though stupefied were not
unconscious, being still responsive to knocks and calls. There
is little doubt, moreover, that as the night was extremely cold
(below o° F.) and the rabbit was young it was somewhat chilled
by the cold and thus succumbed the more readily to the gas.

In view of the foregoing conclusions based upon experimental
evidence herewith presented, it seems to us that it must be ad-
mitted by all that water gas with its thirty per cent, more or less,
of carbonic oxide is a more dangerous substance than coal gas
with its six per cent or seven per cent of carbonic oxide, and that
the ounly question that can be raised is, How much practical im-



54 STATE SANITATION

portance is to be attached to this more poisonous character? It
will help to answer this question if we consider under what cir-
cumstances accidents are likely to occur as a result of the general
distribution of gas for illuminating purposes.

There are five principal ways in which such injuries are likely to
arise, as follows: —

1. By suffocation: as when workmen are overpowered in the
trenches by large quantities of gas escaping from broken or leaky
mains.

2. By the formation of explosive mixtures with air, owing to
the escape of the gas in any manner.

3. By poisoning during sleep, from the escape into the sleep-
ing-room of gas from the burner because, owing to defective fix-
tures, to accident, intention or ignorance, the light has been put
out while the gas is still allowed to flow in.

4. By the slow and obscure poisoning (especially of feeble or
anaemic persons) owing to leaks in or about pipes or burners in
ordinary dwelling-rooms.

5. By poisoning, especially at night, when doors and windows
are generally closed, with gas escaping from broken (street) mains
into the earth, afterwards passing through drains or through the
soil to the basements of dwellings, and thence upwards through-
out the house.

The question has been raised, whether the gas in passing for
some distance through the ground might not lose its odor and thus
escape into houses or other buildings without being perceived.
Everyone knows that the ground in the vicinity of leaky gas
pipes becomes impregnated with the characteristic odor; we
should therefore infer that the gas must lose some of its odorous
ingredients. It may, however, be the case, that the amount lost
by any given volume of the gas is proportionally.too small to
make a noticeable difference in the gas itself, although the con-
tinued passage of the gas makes the soil decidedly odorous. The
experience of those connected with gas distribution has shown
that leaks may occur in the mains without the facts being dis-
covered by the odor of escaping gas, and, in fact, it was deter-
mined by the experts of the Berlin gas works, some years since,
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that a leak of not more than o.2 cubic meter in 24 hours
would not attract observation. It seems to be generally agreed
that there is a peculiar and characteristic odor which may be
removed if the gas passes for a sufficient distance through the
ground, but the gas does not, as a rule, become perfectly odorless,
and probably persons who were not experts would pronounce the
odor that of gas.

The gas which escapes through the ground is also noticed to be
less luminous than before. This may be due in part to its being
mixed with air, for it is possible to diminish the illuminating
power very considerably, by an admixture of air (especially
ground air with its higher proportion of carbonic acid), without
producing an explosive mixture. The generally conceived idea is
that, in passing through the ground, the gas loses a greater or less
portion of the heavy hydrocarbons — the illuminants — along
with the peculiar odorous substance or substances, the exact
nature of which is not known.

The only experiments with which we are acquainted, where
analyses were made of the gas before and after passing through
the soil, are those of Biefel and Poleck, who passed gas slowly
through a pipe 2.35 meters (say seven and one-half feet) long,
and five centimeters (say two inches) in diameter, filled with sandy
loam. The pipe was connected with the gas main between the
purifiers and the gas holders. The analysis of the gas before and
after its passage through the soil gave the following results: —

TABLE 3

Before After
Carbonicacid............coviiiiiiiiiiiiiiiiane 3.06 2.23
[0 L+ T 0.00 6.55
THuminants. .....co.veitiineineteienieennennnn 4.66 0.69
Carbonicoxide. ................ooiiiiiiia, 10.52 13.93
Marshgas...........ooiiiiii it 31.24 17.76
Hydrogen..........ooiiiiiiiiiiiiiiiininnnnnn 49-44 47.13
Nitrogen. .....oovvviiiiiiii ittt ineaaeannns 1.08 1171

100.00 100.00

These analyses are not altogether satisfactory, and it would
appear that the air originally in the pipe had not been entirely
displaced when the issuing gas was taken for analysis.
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We have made some experiments in the same direction. A
galvanized iron cylinder, ten feet long and eight inches in diame-
ter, was filled with the material under examination; the gas was
passed slowly in at one end through a quarter-inch tube, and
issued at the other end through a similar tube. If gas be intro-
duced into such a pipe it does not force the air out bodily before
it, but mixes with it more or less, at first, and we think that in
some experiments which have been made with reference to this .
matter, the diminished odor and illuminating power of the gas
may have been partly due to the fact that it contained air mixed
with it. In our experiments the gas entered at the top of the
cylinder which was placed vertically in order to take advantage
of the lower specific gravity of the gas and avoid mixing as much
as possible; the gas was allowed to flow slowly (one cubic foot in
from twenty-five minutes to two hours), and samples of the air or
gas which escaped from the bottom of the cylinder were taken at
intervals. If, after the air was entirely displaced, the issuing gas
was not different in composition from that which entered, an
end was put to the experiment; if there was a marked difference,
the gas was allowed to flow for a longer period. For two materials
which might be regarded as most likely and least likely to absorb
the heavy hydrocarbons, we employed fine, pure, siliceous sand
(kindly furnished by the Berkshire Glass Sand Company, Che-
shire, Mass.), and ordinary coal ashes such as are frequently
used in filling low land. We also employed a mixture of dry clay
with three times its bulk of sand.

The general results may be briefly expressed as follows: The
capacity of the cylinder was approximately three and one-half
cubic feet, about two-thirds of which would be occupied by the
substance of the filling material, and one-third, say one and one-
sixth cubic feet, would at the beginning of the experiment be
filled with air. When gas was introduced, at the rate of one cubic
foot in from twenty-five minutes to two hours, the issuing mixture
would begin to burn as soon as from 1.2 to 2 cubic feet had
entered the apparatus; the air was not, however, displaced com-
pletely until about four cubic feet of gas bad flowed in. What
escaped thereafter was either gas, or gas robbed of some portion
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of its constituents. With clean, siliceous sand, or with a mixture
of sand and dry clay, the gas did not seem to be affected to any
appreciable extent. When, however, the cylinder was filled with
coal ashes such as are used in “ making ”’ land, the results were
very different. The passage through only ten feet of this material
at the rate of one cubic foot in fifty minutes, the temperature
being about 70° F., was sufficient to cause an almost complete
removal of the heavy hydrocarbons, and with them of a great
deal of the odor and of the illuminating power. Itis thus evident
that coal gas (and the case would be the same with water gas) in
passing through the ground may lose its odor to a great extent,
and it would appear that land made by filling in with ashes
(where, owing to settlement, leaks would be likely to occur)
would be particularly liable to unnoticed escape of gas.
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REPORT OF A COMMISSION TO CONSIDER A 'GENERAL
SYSTEM OF DRAINAGE FOR THE VALLEYS OF THE
MYSTIC, BLACKSTONE AND CHARLES RIVERS
By Dr. HENrRY P. WALCOTT
Published as a separate document in 1886.

[This report, while not found in the annual reports of the State Board of Health,
is important as it laid the foundation for the work of the Board in connection with
the Purity of Inland Waters. Its forceful and eloquent words have been the
inspiration of Massachusetts engineers for more than thirty years, and should con-
tinue to give inspiration for all time to come. The portion of the report quoted is
said to have been written by Dr. Henry P. Walcott. — G. C. W.]

TeE undersigned commissioners appointed to consider and
report systems of drainage for the Mystic, Blackstone and
Charles rivers, and for some other purposes recited in a resolve of
the Legislature, which received your official approval on the
twenty-eighth day of May, 1884, beg leave to state that they have
attended to the duty assigned them, and desire to submit the
following report: —

We think it very desirable that there should be some expert
authority to consult with towns and cities looking for pure
and adequate water supplies, or searching for unobjectionable
methods of sewerage.

The difficulties in these directions are becoming greater each
year and the resultant confusion and complication more embar-
rassing. In the two years eighty-three and eighty-four alone,
some fifty or sixty towns came up to the State House for leave to
take or increase a water supply, and more than two score of
private companies obtained similar privileges, and the indications
are that these applications will show little diminution for many
years to come. Each one of these towns, and many others in like
case will, in no long time, find that water supply and sewerage are
for the most part inseparable companions. Then, instead of a
carefully prearranged plan of sewers, a piecemeal, hand to mouth
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sort of a makeshift device is likely to be improvised from day to
day, entailing unnecessary expense and danger, and finally total
loss. And again the scramble for the best and most accessible
waters is responsible for a good deal of avoidable contention and
imperfectly matured legislation. There is water enough for all
if it be equitably shared. But the Legislature is annually be-
sieged by importunate suitors who are bound to disregard all
claims but the needs of their own constituents. It would be far
better, in our opinion, if there were some competent board where
all these jostling demands could be calmly considered and sys-
tematically adjusted. We have accordingly inserted a section in
one of the subjoined forms of statute conferring such discretion
upon a board as we think will tend to promote scientific sewerage
and a fair and judicious distribution of pure water. Once more
disclaiming any design on our part to attribute any especial
propriety to the forms of legislation which we submit and which
we wish to be regarded as auxiliary suggestions rather than
settled conclusions, we approach the end of these observations.

Coming to the final division of our report, we have again pre-
ferred to enlarge rather than restrict the scope of the jurisdiction
which can be strictly derived from the bare text of the resolve.
We “ may consider and report upon the needs of any other por-
tion of the Commonwealth as to the disposal of sewage and the
protection of the public water supplies therein.” We have deter-
mined to regard the whole remaining body of the state, and not
any particular division, as the * other portion "’ as to which we
are at liberty to submit our views upon the propriety of throwing
further safeguards about its supplies of drinking water and
attempting greater system in the disposal of its sewage. This
interpretation brings within the purview of our commission the
whole subject of water pollution and its restriction or prevention
within the state.

We take it that no one will controvert the general proposition of
law that every holder of property, however absolute and unquali-
fied be his title, holds it under the implied liability that his use of
it may be so regulated that it shall not be injurious to the rights
of the community.
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In the exercise of its undoubted prerogative to watch over the
general welfare and to guard the public rights by the ample police
powers with which it is armed, the Legislature may make exactly
such rules respecting the pollution of streams and ponds or other
inland waters as it may judge requisite and necessary for the
public welfare. It may absolutely prohibit, under suitable
penalty, any contamination of any water within the borders of
the Commonwealth, if it so please. It is a question always of
expediency what degree of interference with individual liberty is
required by the circumstances. Thus far the Legislature has
been content to forbid any pollution of waters used directly or
indirectly for a water supply by any city or town within twenty
miles above the point of taking, provided this prohibition be not
held to impair rights granted by statute before July 1, 1878, or
prescriptive rights of drainage, to the extent to which they law-
fully existed on that date. The Merrimack and Connecticut
rivers and so much of the Concord as lies within the city of
Lowell are also exempt from this rule. Nor can any person save
those employed in getting ice or hauling lumber drive a horse on
any pond used as a water supply for domestic purposes by a city
or town. Neither is bathing permitted in any such pond. The
Legislature seems to have drawn the line at drinking-water.
Water dedicated to household uses is protected, within certain
limits and to a certain degree, by a speedy, peremptory and
effectual process. Municipal authorities may obtain an injunc-
tion at any time, from any justice of the Supreme or Superior
Court, to restrain any person from violating the 8oth chapter of
the General Statutes, which we have recited above. But all
other waters are left to the ordinary rules of the common law.
We think that a comprehensive knowledge of all the facts will
satisfy any unbiased inquirer that under this kind of customary
guardianship of no one in particular the general condition of our
watershassuffered a steady degradation, or, to borrow thelanguage
of the State Board as long ago as 1876, “ any defence against the
impurities which so conveniently flow into our waters from the
settlements and works on their banks has thus far been merely
nominal; that is, the law can be used to prevent a nuisance from
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continuing to be poured into the river, but it is not used, because
the process is too slow, cumbersome and expensive.” The lapse
of nine years has only served to point and emphasize this com-
mentary. The growth of population, the spread of modern re-
finements of living, the increase in industrial establishments, and
all the indefinite multiplication of incidents appertaining to a
prosperous and progressive community, must naturally and
perhaps inevitably tend to vitiate the water of its rivers and
lakes. But even if a certain degree of taint be unavoidable, there
is a vast amount which is wanton and preventable. A cursory
glance at the report of Mr. Clarke! will convince anyone that
there is no necessity whatever for a large part of the abuse to
which our water courses are subjected. It is a question of time
only, and that not a long time either, when, if we hold to the path
we are traveling, we shall find ourselves face to face with a
state of things as intolerable as that of England twenty-five
years ago, when the Sewage of Towns Commission denounced it
as an “ evil of national urgency requiring the earliest and most
serious attention.” The condition of many of its important and
frequented streams had become so filthy and disgusting, that a
universal protest arose, and large sums of money had to be ex-
pended in haste to mitigate the extremity of the offence. Mean-
while untold misery and mischief had been inflicted. Now
preventive measures are far less costly and much more effective
than remedial expedients. We think it is high time that some
steps should be taken here to arrest the progress of rivers pollu-
tion at the point it has reached today in Massachusetts, and
gradually to retrieve some portion, at least, of the ground we
have carelessly yielded. Impressed with this conviction, we yet
consider it impracticable to ask for a summary enforcement of the
extreme right of the community in its waters now for the first
time. Apart from technical pointsof law, and takingituponbroad,
equitable grounds, it would be felt to be unfair for the community
suddenly to insist upon a rigid exaction of its abstract right to
clean waters after so many years of license and neglect. Even if
it be law that no one can prescribe for a public nuisance, it does
! Eliot C. Clarke.
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not necessarily follow that it is policy to abate all nuisances forth-
with. And supposing such a project of law to have been enacted,
we do not believe that the statute could or would be enforced.
Certainly the existing law is not, then why should one so much
more severe ? We therefore cast about a good deal to hit upon
some principle of classification, some scheme of discrimination,
or even a mere frame of fixed regulations to guide the steps of a
guardian of public waters. It was suggested that schedules might
be made of streams which could be allowed a certain kind and
amount of pollution, to be carefully defined, either in general or
for each individual case. Certain others might be set apart and
reserved for the standard purity expected for drinking-water.
While possibly a few might be left to take care of themselves, at
least for the present. It was held to be reasonable to forbid cer-
tain more dangerous or offensive trades from seating themselves
in future at or near the fountain heads of rivers or brooks. It
was urged that there would be no hardship in compelling a new-
comer, whose labors must grievously deteriorate the quality of
the water, to go below the industries which already depended
upon the water as they were getting it, and could not endure
without suffering any additional impairment of its purity. These
expedients and many like them were canvassed and weighed in
turn, but to all there seemed to be grave objections. After much
consideration it was decided to propound a plan of action which
seemed to fit the exigency as well or better than any which
occurred to us. It had besides the strong recommendation of
shaping itself in exact conformity with precedents which have
stood the test of time and have proved themselves to be valuable
working agencies. In the year 1879 the Legislature intrusted the
care of “ the lands, flats, shores and rights in tide-waters belong-
ing to the Commonwealth,” and the supervision of “ all its tide-
waters and all the flats and lands flowed thereby,” to a Board
whom it empowered “ to prevent and remove unauthorized en-
croachments ” or whatever ““ in any way injures their channels.”
Every work done within tide-water, not sanctioned by them or
authorized by the General Court, where a license is required, is
declared to be a nuisance, and the Board may order suits on
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behalf of the Commonwealth to prevent it or stop the removal of
material from any bar or breakwater of any harbor. This legisla-
tion is strictly in line with that we offer. It is, indeed, almost
identical with it. Alter its wording but a little and it would suit
our purpose exactly. Precisely the same principle which enjoins
a watchful care over the exterior waters of the state would seem
to call for at least an equal solicitude concerning the abuse of its
interior waters. But mindful of the tenderness with which Massa-
chusetts has always treated her industrial classes, we think it
would be wise to embrace in the enactment one peculiarly char-
acteristic feature borrowed from the act establishing a Railroad
Commission, and which has proved strong enough to enforce
amply all the rights of the public in that class of highways called
railroads. This distinctive trait is the use of advisory as dis-
tinguished from mandatory power. We think it would be well,
then, for the Legislature to designate some one or more persons
to look after the public interests in this direction. Let these
guardians of inland waters be charged to acquaint themselves
with the actual condition of all waters within the state as respects
their pollution or purity, and to inform themselves particularly
as to the relation which that condition bears to the health and
well-being of any part of the people of the Commonwealth. Let
them do away, as far as possible, with all remediable pollution,
and use every means in their power to prevent further vitiation.
Let them make it their business to advise and assist cities or
towns desiring a supply of water or a system of sewerage. They
shall put themselves at the disposal of manufactories and others
using rivers, streams or ponds, or in any way misusing them, to
suggest the best means of minimizing the amount of dirt in their
effluent, and to experiment upon methods of reducing or avoiding
pollution. They shall warn the persistent violator of all reason-
able regulation in the management of water of the consequences
of his acts. In a word, it shall be their especial function to guard
the public interest and the public health in its relation with water,
whether pure or defiled, with the ultimate hope, which must never
be abandoned, that sooner or later ways may be found to redeem
and preserve all the waters of the state. We propose to clothe
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the Board with no other power than the power to examine, advise
and report, except in cases of violation of the statutes. Such
cases, if persisted in after notice, are to be referred to the At-
torney-General for action. Other than this, its decisions must
look for their sanction to their own intrinsic sense and soundness.
Its last protest against wilful and obstinate defilement will be to
the General Court. To that tribunal it shall report all the facts,
leaving to its supreme discretion the final disposition of such
offenders. If such a Board be able to commend itself by its con-
duct to the approval of the great court of public opinion, it will
have no difficulty, we think, in materially reducing the disorders
and abuses which are threatening to give great trouble in future
if not speedily checked. If, however, we err in this expectation,
and more drastic measures prove indispensable, the mandate of
the state can always be invoked to re-enforce its advice.

In conclusion, it may be well to explain, in order to avoid mis-
conception, that we do not regard the form which we suggest as
very material. We wish it understood that although we propose
a fresh commission to build the Mystic or the Charles River
sewers, we do not deny that they can very possibly be as well done
by the Governor and Council, by the city of Boston, or some other
agency, if the Legislature prefer, and when we recommend that
the prevention of rivers pollution be assigned to a Board, we do
not intend to prejudge the question whether that Board shall be
an existing Board or a fresh creation. It seems to us compara-
tively immaterial by what instruments our ends are wrought,
provided only the work be done economically and speedily, and
above all, be done well.

JorN Q. Apawms,
SoLoMON B. STEBBINS,
EpMuNnD W. CONVERSE,
Epwarp D. HAYDEN,

LEVERETT S. TUCKERMAN.
DECEMBER 24, 1885.
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MICRO-ORGANISMS IN THE AIR OF THE BOSTON CITY
HOSPITAL
By GrEENLEAF R. TUCKER, S.B.

[The use of solid-culture media for quantitative bacteriological investigations

began in 1881 with the work of Dr. Koch. During the next few years various
adaptations of it were made. Professor Sedgwick and Dr. Tucker studied its appli-
cation to the determination of bacteria in the air. The method suggested in this
paper is with some modifications still in use. The original paper is here much
abridged, statistical results being largely omitted. Reprinted from the Twentieth
Annual Report, 1888, p. 161.— G. C. W.]
IN compliance with a vote of the State Board of Health which
was passed in March, 1888, the writer of the following paper was
requested to make an investigation relative to the quality of the
air of hospital wards, which should have for its special objects to
determine the number and distribution of micro-organisms in the
air of such wards; the causes which affect their number and dis-
tribution; and as far as possible to determine their character.
A study of the germs themselves was soon found to be imprac-
ticable, and it was thought advisable to reserve this part of the
subject for future investigation. Transfers of colonies from the
air of the wards, to the number of about two hundred, have been
made and preserved for this purpose. It is believed that these
cultures will represent most of the forms habitually present in the
air of these buildings.

The experiments to be described began in November, 1888,
and were continued uninterruptedly for a period of three months.
Some regret is felt that a portion of the work at least could not be
conducted under the conditions of weather to be expected at that
time of year. The winter was exceptionally mild, and the ground
practically free from snow.

The investigation of indoor air began by taking samples in
the afternoon, between two and three o’clock; the time being so
chosen because the wards are then in their normal condition, only
such work being done as the necessities of the sick demand. On
Monday, Tuesday, Thursday and Saturday of each week, friends
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of patients are admitted from 2 to 3 p.M., usually to the number
of two to three hundred, and distribute themselves throughout
the various wards, the number of visitors in each ward being
often equal to the number of patients; this afforded opportunity
to observe the effect upon the air of increased numbers of people
over those habitually present. It was found necessary to limit the
number of experiments each day to five, including the outside
air. The total number of wards being eighteen, four or five days
elapsed before a return could be made to a given point; and the
entire month was necessary to accumulate sufficient data for
each ward, from which to draw conclusions.

During December, samples were taken mornings, generally
between eight and ten o’clock, the wards at that time being in a
more or less disturbed condition, — beds are made, floors swept,
surgical dressings changed, and the general comfort of the patients
attended to. By following this plan, two series of results were
obtained, showing the condition of the air under quiet and dis-
turbing influences. The month of January and part of February
were devoted to special investigation, which the previous work
had shown to be necessary.

METHODS EMPLOYED IN THE QUANTITATIVE DETERMINATION
OF MICRO-ORGANISMS IN THE AIR

The introduction by Koch in 1881 of a solid-culture medium
for the study of micro-organisms has resulted in methods by
which we can determine with facility, and approximately, if not
with accuracy, the number of micro-organisms in the air. Koch
himself exposed plates coated with a solid nutrient gelatine, upon
which aérial microbes settled, and could be counted after develop-
ment. Hesse, however, was the first to apply this principle
quantitatively to investigations of the air, and in 1883 published
the well-known method bearing his name. Petrie, in Germany,
and Frankland, in England, have proposed methods, which, while
retaining the solid-culture medium of Koch, differ essentially
from the method of Hesse and from each other, in detail. In this
country, also, some new methods of culture have been practiced
by the writer, in conjunction with Professor Sedgwick, in a series
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of investigations conducted at the Massachusetts Institute of
Technology.
Hesse’s Method

Hesse makes use of the fact previously ascertained, — that
micro-organisms rapidly settle out in a quiet atmosphere. He
employs a long glass tube of large bore, coated inside with steri-
lized nutrient gelatine. The tube is fastened to a photographic
tripod in a horizontal position, and, by a suitable connection with
two aspirator-bottles, a slow current of air (one liter in three
minutes) is drawn through the tube. The germs are all supposed
to settle out during the passage of the air through the tube, and
remain fixed by the moist, solid gelatine, where they become
visible after several days as isolated colonies.

Frankland’s Method

This method consists in aspirating a known volume of air
through a glass tube containing two sterile plugs of glass-wool
alone, or glass-wool and fine sugar-powder; after which the germ-
laden filter is transferred to a flask containing melted sterilized
nutrient gelatine, the two thoroughly shaken together, and solidi-
fied upon the sides of the flask by cooling, where the colonies
which develop can be counted.

Petrie’s Method

Petrie uses fine sand as a filter, packed in a small glass tube,
and held in place by disks of wire gauze. After drawing through
sufficient air by means of an air pump, the sand, with its occluded
germs, is poured into several small double dishes of glass, con-
taining nutrient gelatine, the object being to distribute the sand
and germs over a considerable surface, so that the colonies may
be more readily counted.

The method employed in the present investigation was first
used by the writer, in association with Professor Sedgwick,! in a

! The complete paper was presented to the National Adldemy of Sciences at

Washington, April 18, 1888, under the title, “ A New Method for the Biological
Examination of Air: with a Description of an Aérobioscope.”
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series of experiments in 1887, and will be described somewhat in
detail.

The actual requirements of a quantitative method for the bac-
teriological examination of air, briefly stated, are as follows: —

Fisrst. — A means of oollecting and accurately measuring the volume of
air to be examined.

Second. — A suitable filtering medium for holding back the micro-organ-
isms contained in the air.
Third. — A solid-culture medium, in which the germ-laden filter can be

diffused, and where, on cooling and incubating for a sufficient length of time,
the germs may develop and be counted as isolated colonies.

The apparatus consists essentially of three parts: (1) A glass
tube of special form, to which the name of aérobioscope has been
given; (2) a stout copper cylinder of about sixteen liters capacity,
provided with a vacuum gauge; (3) an air pump. The a&érobi-
oscope through which the air is aspirated is six inches long, and
one and three-quarters inches in diameter at its expanded part;
the upper end of it is narrowed somewhat to a neck one inch in
diameter and one inch long. To the lower end is fused a piece
of glass tubing six inches long and three-sixteenths of an inch in
bore, in which to place the filtering material.

Preparation of the aérobioscope: Upon the narrow part of the
tube, two inches from the lower end, a slight mark is made with a
file, and a little roll of brass gauze is inserted, which serves as a
stop for the filter to be placed above it. Beneath the gauze stop
is placed a small plug of cotton wool, and the open ends are then
plugged with cotton wool; the tube is now placed in a sterilizer,
and subjected to a heat of at least 150° C. for one or two hours.
When cool, the non-sterilized cotton-wool plug is carefully re-
moved from the neck, and sterilized No. 50 granulated sugar is
poured in, until it just fills the four inches of narrow tube above
the gauze stop. This column of sugar weighs one gram and is
the filtering material employed to engage and retain the micro-
organisms. The cotton-wool plug being replaced, the tube is.
again placed in the sterilizer, and re-sterilized for several hours
at 120°C.
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Taking the air sample: In order to measure the amount of air
used, the value of each degree on the vacuum gauge is determined

in terms of air, by means of an air
meter, or by calculation from the
known capacity of the cylinder.
This fact ascertained, the negative
pressure indicated by the needle on
exhausting the cylinder shows the
volume of air which must pass into
it to fill the vacuum. By means
of the air pump, one exhausts the
cylinder until the needle reaches
the mark corresponding to the
amount of air required. A steril-
ized agrobioscope is attached to the
cylinder, in an upright position, by
means of a clamp; and, to estab-
lish communication between the
two, they are joined together by
means of a rubber tube attached to
the lower end of the aérobioscope
and to a stop-cock on the cylinder.
For removing and protecting the
sterilized cotton-wool plug while
the air is being drawn through the
tube, a very simple device is used.
A glass shield with a neck slightly
larger than the neck of the aéro-
bioscope, and bearing a rubber
finger-cot, is pushed down over the
cotton-wool plug; when, by com-
pressing the rubber, the plug can
be removed (inside the shield), and
remains suspended there. The
plug removed, the cock is opened,
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when air will pass through the aérobioscope, leaving its germs

in the sterilized sugar filter.



70 STATE SANITATION

Cultivation of the germs: The aérobioscope, after the air has
been drawn through, is taken to the culture room for further
treatment. The tube being held in a nearly horizontal position,
the sugar (with the contained germs) is made to run into the body
of the tube, by a gentle tapping. Melted sterilized nutrient
gelatine (25 c.c.) is now added, under proper precautions, and

A AEROBIOSCOPE
B AIR CYLINDER

C VACUUM GAUGE.
D AIR PUMP

E GLASS SHIELD

FI16. 2. APPARATUS YOR DETERMINING THE NUMBER OF BACIERIA IN AR

the neck closed with a perforated sterilized rubber stopper,
plugged with cotton wool. On rotating the tube, the sugar all
dissolves in the gelatine, leaving the germs uniformly distributed
through it. The gelatine is now congealed in an even film upon
the inside of the tube, where, after four or five days, the colonies
will develop, and can be counted by the aid of squares engraved
upon the glass.

The illustration above shows the apparatus set up ready for use.
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This method has several advantages not to be found in other
methods. In the first place, the use of a vacuum cylinder permits
a known volume of air to be aspirated with great ease, and the
rate of flow through the filter is controlled to a nicety. The
advantage of a soluble filter (sterilized granulated sugar), leaving
only the germs imbedded in the gelatine, cannot be overestimated;
for any insoluble substances seriously interfere with the counting.
Again, the aérobioscope, quite apart from the filter, constitutes
an important advance, since it obviates the necessity of transfer-
ring the filter (and contained germs), thereby avoiding accidental
loss or gain of germs. The whole apparatus is portable, and
the method, as compared with others, is exceedingly rapid of
execution.

Outside Air

In order to have data for comparison with the work done in-
doors, the outside air was examined nearly every day during this
investigation. The results are of some value in themselves, as
showing the condition of the air of Boston in a rather secluded
place, but in the immediate vicinity of its traffic.

The samples were all taken at the same place, at the foot of the
surgical steps, four feet from the ground, on the north side of the
hospital, except on rainy days, when the apparatus was moved
under the steps, to avoid annoyance from the rain. The direction
and strength of the wind, temperature, time of day, and any dis-
turbing influences likely to affect the results, were observed. The
ground was free from snow and the weather was mild throughout,
while the prevailing winds were strong. The general averages for
the months of November and December, 1888, and January,
1889, are shown in the following table: —

TABLE 4
Average Average Ratio of
Number of A
Date h Number of | Number of | Bacteria to
Experiments B;ctcri: Moulds Moulds
November, 1888 ............... 19 10.4 6.8 1.5
December, 1888................ 22 14.5 5.6 2.6
Jonuvary, 1889 ................. 15 13.2 3.5 3.8

All figures representing bacteria and moulds are for 10 liters of air.
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The average numbers of bacteria are thus seen to be about the
same for the three months, and representing, as they do, less than
two per liter of air, must be considered small. Carnelly (Phil.
Trans. of the Royal Society of London, vol. 178) found recently
in the town of Dundee, in quiet places, as a mean of fourteen
experiments, less than one bacterium per liter of air; while, in
certain streets where the ratio of bacteria to moulds was very
high, the total number of organisms was 17.5 per liter of air.

A comparison between the numbers of organisms found on
clear and on rainy days is shown in the next table: —

TABLE 5

November December January

Webber g:. of | Aver- | Aver- g:‘;l Aver- | Aver- g«: of | Aver- | Aver-
e ter- - | a8

mina- N?.eof N?.eof mina- | No. of Ngeof mina- N:feo( Nged
tions |[Bacteria| Moulds| tions (Bacteria| Moulds| tions |[Bacteria| Moulds

Rain ........ 5 76 | 7.8 3 9.3 | 6.3 2 2.5 | 3.0
Clear ........ 14 11.4 | 6.4 18 150 | 5.4 9 19.0 | 3.5

The number of bacteria present in the air on clear days is
greater than on rainy days, but the number of moulds remains the
same; i. e., rain washes out bacteria from the air, but does not

TABLE 6
November December January
No. of No. of No. of
DEte” | Bacteia| Moulds] D54 Bacteral Moukd) DS (Bacterial Monkds
tions tions tions
Wind slight ...[ 2 2.5 | 18.0 6 12 9.3 2 4.5 3
Wind strong ..| 15§ 11.0 4.3 15 15 4.4 10 | 17.0 4

remove moulds. Both bacteria and moulds were more numerous
on rainy days than was expected; and this is perhaps accounted
for by the fact that the experiments were made under some stone
steps, near a basement door frequently opened by employees.
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No deductions could be drawn from the effect of the direction
of the wind upon the micro-organisms, owing to the position of
the buildings. The quarter from which the wind blew was taken
from a neighboring weather-vane; but the direction, as felt by
the observer, seldom coincided, being generally either easterly or
westerly. The effect of the strength of the wind is, however,
worthy of notice, being to increase the numbers of bacteria.

CONCLUSIONS

The results obtained from buildings of the hospital group
occupied by employees, investigated for the sake of comparison
with the wards, taken together with the results furnished by out-
side air, furnish abundant proof that the air of the hospital is
remarkably free from micro-organisms. Whether the numbers
found are greater or less than would be found in similar institu-
tions is not known. So far as I am familiar with the work of
other investigators in this field, the results show that hospitals of
this class, as compared with other buildings, will take first rank
in the freedom of their air from micro-organisms.

This is as it should be: bacteria, in a way, represent so much
dirt. Ina well-managed hospital, one has an approach to an ideal
degree of cleanliness, and in no class of buildings is the same care
taken to secure freedom from dirt as is taken in such a hospital.
Undoubtedly, the systematic, thorough renovation which is going
on continually in the hospital is of great importance in removing
accumulations of germs, which must inevitably occur in the wear
and tear of a building. This hospital is particularly fortunate in
this respect; with its large tent service, wards in turn can be
vacated during the summer months, and put in thorough repair,
to an extent not otherwise possible.

In this connection, it will be interesting to reproduce some
valuable tables prepared by Professor Thomas Carnelly and his
colleagues,! showing the number of micro-organisms in the air of
clean and unclean buildings in Dundee.

1 T take great pleasure in referring the reader interested in this subject to the

work of Camelly, it being the first attempt, so far as I am aware, to systematically
determine the number of micro-organisms in the air of buildings.
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TABLE 7 Bacteria in
10 Liters of Air

One-roomed houses, clean..................coviiiiniiinnnn... 180
“ “odirty. e e, 410

“ “ dirtier. ... .. e 490

“ “ wverydirty...........ciiiiiiiiiiiiiea., 930
Naturally ventilated schools, cleaner. .......................... 910
“ “ “  average cleanliness................ 1,250

“ “ “  dirtier........ ... iiiiiiiiiiia., 1,980
Mechanically ventilated schools, cleanest. ...................... 30
“ “ “ dean............oiiiiiiiiia.. 160

“ “ “ lessclean ...........ciiiinnnnn 300

These results leave no doubt that the cleanliness of rooms and
of persons also is of the greatest importance in preventing ac-
cumulations of micro-organisms. It will be noticed that the
numbers found in mechanically ventilated schools are far less
than for those ventilated naturally; but the results as a whole,
both in schools and dwelling-houses, are enormous, as compared
with those obtained in this hospital. On the other hand, Carnelly
found in the wards of the Dundee Royal Infirmary, between 4
- and 5 o’clock p.M., from 10 to 20 bacteria. Neumann made
thirty-five experiments by Hesse’s method. At different eleva-
tions, from 1.40 to 3.20 meters, about the same number of
organisms were found. In the morning, after sweeping, 10 liters
of air gave from 8o to 140 bacteria, while four consecutive deter-
minations at the same height showed a gradual decrease; the last
examination, at 8 .M., giving from 4 to 10 bacteria.

The results obtained in both the above hospitals are in perfect
accord with those obtained in this investigation.

The extent of vitiation which the air of dwelling-houses may
reach is further shown by determinations made by Carnelly, on
one, two and four-roomed houses, between 12.30 and 4.30 A.M.

Bacteria Moulds
One-roomed houses ...........ccoveiiiiieiininncnnenns 580 12
Two-roomed houses . .........ooeeeiiiieieienecnnnennass 430 22
Four-roomed houses,and more...............cc.covuvenn. 160 10

When it is remembered that the air of the Boston City Hospital
is practically free from bacteria at the hour of midnight, the above
results, representing the condition of the air breathed by human
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beings, is certainly startling, and goes far to show the value of the
information furnished by such determinations. The atmosphere
of a building vitiated by micro-organisms can be so readily
brought at least to a moderate state of purity, by a proper degree
of cleanliness and oversight, that there is no legitimate reason
why the air of public buildings should reach the condition of
vitiation shown by Carnelly’s experiments, in certain buildings
in Dundee.

In any comparison of the number of micro-organisms found in
the air of a hospital with those of other buildings, allowance must
of course be made for the fact that a very small number of organ-
isms found in hospital air, if pathogenic, might be more dangerous
than large numbers of non-pathogenic forms found elsewhere.
The great majority of micro-organisms found in air are probably
harmless; but their functions as yet are so imperfectly under-
stood, that it would seem unwise to consider them entirely harm-
less. Many of them evince a power in the decomposition of the
various culture media, which is suggestive of what might happen
in or upon the human system, should they find there a suitable
nidus for development. Although no attempt was made in this
investigation, except in a very general way, to determine the
character of the germs present, it was found that the same species
which occurred in the outside air were met with in the hospital;
but certain species were met with in the hospital that were not
found in outside air. In the ward devoted to diphtheria, species
were always fewer in number than elsewhere, and the colonies
were not unlike those obtained from the material furnished by the
patients themselves, although no proof of their identity was
obtained. The presence of pathogenic bacteria has frequently
been demonstrated in the air of hospital wards; for example,
Cornet, of Koch’s Hygienic Institute, found bacilli tuberculosis
in fifteen out of twenty-one wards in seven hospitals in Berlin, and
out of ninety-four animals inoculated, twenty died of tuber-
culosis. Von Eiselsberg in an erysipelas room of the hospital
found erysipelas cocci; also, in a surgical ward, where wounds
were treated under aseptic precautions, the presence of staphylo-
coccus pyogenes aureus was demonstrated. Emmerich not only
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found erysipelas cocci in the air of an old dissecting room, but
also in the plastering and walls and ceiling.

In this connection, it should be stated that the ordinary
methods employed in the cultivation of the germs of the air would
fail to reveal the presence of certain pathogenic bacteria, as, for
example, bacilli tuberculosis; such forms, however, are not diffi-
cult to determine by special means. Pathogenic bacteria are as
likely to exist in this hospital as in any other, and probably do
exist; but it is worthy of note that the general health of em-
ployees is excellent, that contagious diseases are seldom con-
tracted by them, or by patients themselves, although isolated
cases occasionally occur.

The importance of obtaining definite information regarding
the dangerous or innocuous character of micro-organisms found
in the atmosphere is evident; but, until methods are so amplified
that species can be identified with a greater degree of certainty
and far less expenditure of time than at present, we must be con-
tent with a determination of the number and distribution of
bacteria in the air of buildings.

Carnelly has proposed a standard for the air of dwellings and
schools; i. e., twenty micro-organisms per liter, or two hundred
per ten liters (excess over outside air), — numbers so greatly in
excess of all results obtained in this hospital as to make evident
the necessity of standards for various classes of buildings.

The air of this hospital compares favorably with the external
air. In the absence, then, of a standard of purity for hospital air,
it would not be unreasonable to require that the number of micro-
organisms in the air of a ward should but slightly exceed the
numbers found in outside air.
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POLLUTION OF ICE SUPPLIES

[In this report we see the joint application of sanitary chemistry and bacteri-
ology to a practical public health problem. Although a short report it is typical of
the manner in which such questions have been answered by the Massachusetts
State Board of Health, that is, by securing the facts in the case, using the best
available methods of procedure. At the time this report was written relatively little
was known about the effect of freezing on the quality of ice, or the relation between
ice and the public health. Twenty-first Annual Report, 1889, p. 143.— G.C. W.]

By chapter 84 of the Resolves of 1888, the General Court
directed the State Board of Health to *“ make a special investiga-
tion with reference to the pollution of ponds, lakes, streams or
other bodies of water used as ice supplies in this State, especially
with reference to the effect of such pollution upon the health-
fulness of such ice for domestic use.”

In accordance with this direction, the State Board of Health
sent to every city and town in the state printed circulars, — to
the local boards of health, to physicians, or to persons known to
have an interest in the subject, asking their co-operation and their
replies to the following questions: —

1. Names of companies, firms or individuals who cut or sell ice in your
city or town, and sources from which such ice is obtained.

2. What contaminating causes, if any, pollute the sources from which
ice is cut ?

3. Have any cases of illness come to your knowledge from the use of

ice cut from such sources ?
4. What remedies do you suggest for the prevention of such pollution ?

In the responses to these circulars from one hundred and eighty-
nine cities and towns, sources of pollution were noted in thirty.
The answers to the third question were generally, “ No.” A few
cases were, however. noted, where the ice supply was suspected
of being the cause of illness, but none appeared to be so definitely
connected with this cause as to give promise of additional
knowledge if investigated further.

77
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From the thirty sources where contaminating causes of pollu-
tion were noted there were selected twelve which appeared to be
the most polluted; and in October, 1888, samples of the water
from each of these sources as it then existed, and samples of the
ice in ice houses adjacent, were examined, with the following
average result: —

TABLE 8

AVERAGE OF ANALYSES OF WATER AND OF ICE FROM POLLUTED SOURCES
IN OCTOBER, 1888

(Parts per 100,000)

Loss | Fixed :
X -
Color |on Ig-| Re- Chlo-| Nitrates | Nitrites | Bag

nition | sidue Free Albu-

minoid

Water ....| 0.24 | 1.65| 6.94| 0.0143 | ©0.0206 | 1.18 | 0.0343 | 0.0009 ..
Ice....... 0.00 | 0.24 | 1.00| ©0.0022| 0.0027 | 0.01 | ©0.0045 | 0.00005 | 138
Per cent ..| .. [15.00[14.00| 15.0000 | 13.0000| .. | 13.0000 | 6.0000

One sample of ice from an unpolluted source gave the following: —

0.0 0.20| 0.20| 0.0000 0.0000 | 0.00 0.0050 | 0.0000 o

The samples of ice from the twelve most polluted sources,
obtained from ice houses in October, when compared with the
waters of the various ponds, as they were in October, showed
that the color and salt had been removed, and that all but
about thirteen per cent of the other impurities of the water, as
shown by chemical analyses, had been removed.

The number of bacteria in the ice averaged 138, being increased
by one sample of snow ice that contained 1,246 per cubic centi-
meter, while the clear part of the same cake had but 6. Two
samples had none; three had less than 10; three others had
between 10 and 100, and two had 199 and 433 bacteria per cubic
centimeter.

A single sample of clear ice from an unpolluted source was found
to be nearly as free from organic impurities as distilled water.
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These preliminary examinations indicated, as had been found
by Dr. T. M. Prudden,! in examining Hudson River ice, that
different parts of a cake of ice may differ much in quality; and
it was concluded to follow Dr. Prudden’s method of making
separate examinations of transparent and of snow ice. This
classification was used in examinations of the ice crop of 1888-8¢.
Experiments were planned by which the qualities of ice found
under differing circumstances could be determined; but the short
season in which ice formed, — limited to the latter part of
February and the first of March in 1889, — and the almost entire
failure of the ice crop in 1889—9o, have prevented the carrying
out of these investigations; so that the Board, while presenting
the facts that have been obtained and some of the conclusions to
which these lead, is unable to present demonstrations of all of the
interesting problems that enter the investigation required by the
resolve.

As has been stated, examinations were first made of water and
ice from the twelve sources which by the reports appeared to be
those most polluted. On continuing the investigation other
sources were included, making in all fifty-eight localities, some of
which were from excellent water.

The results are all included in the tables given below. In these
tables are given chemical analyses of 76 samples of water and 236
samples of ice. Most of the samples were also examined for
microscopic organisms and for bacteria.

In tabulating the results of microscopical examinations, the
figures represent the number of thousands of organisms in 200
cubic centimeters of water or of ice. The smallest figure given is
o.1, which expresses 100 organisms in 200 c.c. of water or of ice;
where the number observed was less than 100, they are said to be
‘“ present.”

The figures under bacteria express the actual number found in
one cubic centimeter of the water or ice.

The number of bacteria was found to vary much in different
parts of a cake of ice. The division adopted in the first season

1 “On Bacteria in Ice and their Relations to Disease, with Special Reference to
the Ice Supply of New York City.” By T. Mitchell Prudden, M.D. New York,
1887. The Medical Record, Vol. 31, Nos. 13, 14.
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into snow ice and transparent ice made one important distinction,
but others were found necessary; and in the second season three
divisions were made; viz., snow ice, bubbly ice and clear ice, also
top ice and bottom ice; and in the tables the remarks at the right
of the columns often indicate that the chemical analysis was made
from snow ice or from the top or bottom of the cake, while the
columns for bacteria show that two or more samples from the
same part of the cake were examined, because there were portions
of clear ice and of bubbly ice in each.

In the earlier examinations, when all of the samples were in-
cluded in snow ice and transparent ice, the latter included much
that was bubbly; and, when clear and bubbly ice took the place
of transparent, the clear ice included some which was somewhat
bubbly. If the ice crop of the present season had not failed,
the Board would have made other distinctions to mclude the
circumstances under which the ice is formed.

From the examinations that have been made, it appears prob-
able that, when ice first forms on the surface of a pond or river,
a considerable part of the impurity in the water near the surface
is entangled in the first inch or less in depth, and that the ice that
forms below this first inch contains but a very small percentage of
the impurities of the water. If snow falls upon the thin ice, caus-
ing it to sink, so that water from below saturates the snow, it will
freeze without purification; or, if rain falls upon the snow and
freezes, the ice thus formed contains the impurities of the snow
and of the rain water, and whatever else may have settled out of
the air. The method, often pursued, of flooding the ice of a pond
or river, by cutting holes through it, gives a layer of ice as impure
as the water of which it is formed.

From all of the analyses of water and of ice taken at the same
time, so that they can be fairly compared, twelve have been
selected in which the sum of ammonias in the water indicated the
greatest pollution, and the principal results of analyses are given
in the following table: —
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TABLE g

MILLBURY. — BLACKSTONE RIVER
(Parts per 100,000)

Zetmzn | pcinonin Negm | Bt
cor o
Loss | Fized Albu- Ni- | Ni- | Water | Snow
on Ig- | Residue| Free | minoid trates | trites | orIce | Ice
nition
Water..... 0.5 | 3.00| 11.30 | .1680 | .0440 | 0.74 | .0150 | .0018 | 3762 ..
Snow ice...| 0.0 | 1.70| 2.90| .0448 | .0306 | 0.10 | .0020 | .0003 | .. 1586
Tee........ 0.0 | 1.10| 2.15|.0252 | .0176 | 0.10 | .0050 | .0003 | 241 | ..
% Snow ice 57 26 27 70 | 14 13 17 .. 42
gl ..... 37 19 15 40 | 14 33 17 6
NorTHBRIDGE. — PoND FED BY BLACKSTONE RIVER
Water..... 0.3 .. .. .0600 | .0370 | 0.50 | .0200 | .0006 | 74 ..
Iee........ 0.0 | 1.65]| 0.85 | .0006 | .0030 | 0.01 | .0030 | .0001 | 43
Per cent. 1 8 2 15 17 60
LoweLL. — BLack Brook
Water. . ... oo | .. .. | .0686 | .0142 | 0.40| .0600 | .0003| 107 | ..
Snowice...| 0.0 | 1.40| 2.50| .0184 | .0128 | 0.04 | .0060 | .0001 | .. 39
Tee........ 0.0 |[0.55| 0.45|.0036 | .0040 | 0.01 | .0050 | .0000 3 ..
% Snow ice . 27 9o | 10 10 | 33 . 37
%lee..... 5 28 2 8 o 3 ..
Jamaica Ponp
Water. . ... 005 | .. .. |.o120| .0664 | 0.86 | .0450 | .0002 | 147
Iee........ 0.00 | 0.35 | 1.10| .0034 | .0060 | 0.00 | .0040 | .0001 1
Per cent. 28 9 [ 9 50 1
WORCESTER. — CRESCENT STREET POND
Water. . ... o.15 .0356 | .0356 | 0.70 | .0850 | .0007 | 1200 ..
Snow ice co0| .. .. | .0046 | .c094 | 0.03| .. .. .. 58
lee........ 0.00 [ 0.45 | 1.10|.0006 | .0026 | 0.01 | .0060 | .0000 | 16 ..
% Snow ice .. 13 26 4 .. .. .. 5
%lee..... 2 7 1 7 ° X .
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TABLE 9 — continued
BricETON. — HoLLls PonD
Residue on R Nitrogen Bacteria
Evaporation as per c.c.
Color Cnh,l,:'

Loss | Fized Albu- Ni- | Ni- | Water | Snow

on Ig- | Regidue| Free | minoid trates | trites | or Ice | Ice

nition
Water. .. o.1 .. .. |.0354 | 0296 | 1.59 | .4000 | .0031 20000 | ..
Ice........ 0.0 |o0.30| 0.60| .0012 | .0022 | 0.00 | .0030 | .0000 | 702
Per cent. 3 7 o I o 3 .

DoRCHESTER. — KING’s PoND
Water..... 0.2 .. .. .0314 | .0262 | 1.19 | .0800 | .0013 | 412
Ice........ 0.0 [o0.50| 1.10]|.0028 | .0044 | 0.01 | .0030 | .0000 6
Per cent.... 9 17 I 4 o I .
NEwTON. — HAMMOND’S POND
Water. .. .. I.I .. | .0038 | .0450 | 0.54 | .0040 | .0003 | 11§ ..
Tce........ 00 |o0.20| 0.55 | .0000 | .0012 | 0.00 | .0030 | .0000 8
Per cent. .. o 3 o 75 o 7
ARLINGTON. — LITTLE SpY POND
Water. .. .. 0.2 .. .. |.0058|.0300| 1.70 | .1750 | .0020 | 1029 | ..
Ice........ 0.0 [0.68| 2.68 | .0026 | .0068 | 0.02 | .0020 | .0000| 1I 61
Per cent.... o 45 17 I 1 o I 6
MEeLROSE. — ELL PoND
Water..... 0.2 .. .. | .0240| .0202 | 0.94 | .0650 | .0009 ..
Ice........ 0.0 [0.68| 2.20|.0020 | .0028 | 0.02 | .0050 | .0000| 2 1T
Per cent. 8 14 2 8 o
CAMBRIDGE. — FrESH PoND

Water. . ... 0.05| .. .. .0230 | .0180 | 1.00 | .0300 | .0008 | 11 ..
Ice........ 0.00 | 0.56 [ 0.80 | .0022 | .0030 | 0.02 | .0020 | .0000 3 ..
Per cent.... 10 17 2 67 o 27 ..
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TABLE 9 — concluded

WosurN — HorN PoND

-'!lelidu{gn Ammoni Nit.r.:gen l;::t:t:
Chlo-
Color rine
Loss | Fired Albu- Ni- | Ni- | Water | Snow
on Ig-| Residue] Free | minoid trates | trites | or Ice | Ice
nition
Water. ... . 0.25| .. .. |.o172] .0210 0.67 | .0200 | .0007 | 327
Iee........ 0.00 | 0.25 | o0.60 | .0010 | .0028 | 0.02 | .0000 | .0000 3
Per cent....| .. .. .. 6 13 3 o o 1

The chemical results are given in parts per 100,000.

The bacteria are indicated by the number found in a cubic centimeter.

The percentage of each substance of the water that remained in the ice or in
snow ice is given.

These waters all contain more ammonias than are desirable in
drinking waters; but the ice formed from these waters contains
from three to twenty-one per cent as much as the waters, averag-
ing eleven per cent. The amount of ammonias contained in the
ice, except in the one containing the largest amount, would not
cause them to be condemned as drinking waters; neither would
the number of bacteria, except in the case of ice from the Black-
stone River and from Hollis Pond in Brighton. But we cannot
depend upon numbers alone. A large number of bacteria of one
kind may be harmless, and a small number of another kind may
communicate a most serious disease. It is known, from these
experiments as well as from others, that many kinds of bacteria
survive a long season in ice; and it has been shown by Dr. Prud-
den that the bacillus of typhoid fever will live in decreasing num-
bers in ice for three months at least. It is, then, the quality of the
bacteria rather than the quantity that we are to consider, and the
best judgment in regard to this includes the source from which
they came. If the source is one which is liable to be polluted by
disease-producing bacteria, as is likely to be the case wherever
sewage enters, this fact should have much more weight than the
small number of bacteria found.
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The purifying effect of freezing is greater upon substances that
are in solution than it is upon those in suspension. For example,
upon freezing the upper part of a body of sewage to the depth of
oneinch, the substances in solution were reduced as given below : —

TABLE 10
Per Cent
Sewage / Ice Remaining
in Ice
Loss onignition .................cooillL 10.4 1.8 17
Fixedresidue ..............covviviinnn.. 19.6 2.2 1
Freeammonia ..............ccovveeeinnn. 1.646 0.184 I
Albuminoid ammonia .................. ... 0.250 0.012 3
Chlorine .....coovvvveeenennnnecnecnnnnnn 4.20 0.52 12

The parts in suspension were affected as follows: —

Lossonignition ............cocvvviiiinn, 2.8 1.9 68
Fixed residue ................ccinnennnt 2.3 1.6 70
Albuminoid ammonia .................... 0.130 0.036 28

Of the parts that were in solution in the sewage, the freezing
process caused to be removed all of the impurities except from
five to seventeen per cent, while of the much smaller parts which
were in suspension there remained in the ice from twenty-eight
to seventy per cent.

The unfrozen sewage under the ice contained the impurities
which the ice had expelled.

It appears that the parts that are in suspension, particularly
particles that have some buoyancy in water, are not so easily
expelled as the parts that are in solution. This is confirmed by
the fact that a large part of the organic matter, one-half or three-
quarters and sometimes more, that is found in good ice is of
particles in suspension, and is readily removed by filter paper.

The inch in depth of frozen sewage contained ten per cent
of the organic impurity of the sewage, as indicated by the sum of
ammonias; and from other experiments we have reason to con-
clude that, if another inch in depth had formed under the first, it
would have contained a still smaller percentage of organic im-



POLLUTION OF ICE SUPPLIES 85

purity; but if the first inch had been pressed down, and the sew-
age had risen above it and then frozen, this last layer would have
been as impure as the sewage. This is an extreme case of impurity
of the source.

Taking an average of all of the water and ice used for ice sup-
plies, which we have examined, we find that the organic impurities
of the snow ice, as shown by the sum of ammonias, amount to
sixty-nine per cent of those of the waters; that the organic im-
purities of all the ice except the snow ice amount to twelve per
cent, and those of what we have called clear ice amount to six
per cent, of the impurities of the waters. The color of the waters
was entirely removed, and the salt that they contained was nearly
all removed, by the process of freezing.

There were eighty-one per cent as many bacteria in the snow
ice as in the waters; ten per cent as many in all other ice, and two
per cent as many in the clear ice, as in the waters.

While the Board, as before stated, was unable in these warm
winters to make the experiments desired to settle many points of
the inquiry, the results obtained lead to the conclusions that,
while clear ice from polluted sources may contain so small a per-
centage of the impurities of the source that it may not be re-
garded as injurious to health, the snow ice and any ice, however
clear, that may have been formed by flooding, is likely to contain
so large a percentage of the impurities of the source, and with
these impurities some of the disease germs that may be in the
source, that the Board feels bound to warn the public against
using ice for domestic purposes that is obtained from a source
polluted by sewage beyond that which would be allowable in a
drinking water stream or pond; and that in general it is much
safer to use, for drinking water and for placing in contact with
food, that portion of the ice that is clear.

H. P. Warcorr, JuLrus H. APPLETON,
HmaM F. M1LLs, FrRANK W. DRAPER,
TaORNTON K. LoTHROP, JOSEPH W. HASTINGS,
E. U. Jones, State Board of Health.
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REPORT OF THE STATE BOARD OF HEALTH UPON THE
SEWERAGE OF THE MYSTIC AND CHARLES RIVER
VALLEYS

[This report relates to the establishment of the North Metropolitan System of
sewers. It contains an interesting account of filtration experiments made to deter-
mine the feasibility of disposing of the sewage of Boston on the Saugus Marshes.
Special Report, 1889. — G. C. W.]

THE Resolves of the General Court, under which the State
Board of Health has made investigations relating to sewage dis-
posal, and has made designs for a system of sewerage for the
Mystic and Charles River valleys, are as follows: —

[Chap. g5.]
RESOLVE RELATING TO SEWAGE DISPOSAL IN THE MYSTIC AND
CHARLES RIVER VALLEYS

Resolved, That the state board of health is hereby authorized
and directed to consider and report a general system of drainage
and sewerage for the relief of the valley of Mystic river, and so
much of the valley of Charles river, if any, whose relief in the
opinion of said board is to be sought in conjuuction with the
Mystic valley system, and for such cities and towns, or parts of
cities and towns as may, in the opinion of said board, be best
relieved by the use of said system; and so much of the report
of the commissioners appointed under resolve approved May
twenty-eighth, in the year eighteen hundred and eighty-four, as
relates to the cities and towns, or parts of cities and towns, which
said board shall incorporate in the system to be reported under
this resolve, is hereby referred to said board for its further con-
sideration, and it shall be the duty of said board, —

First. To designate the cities and towns, and parts of cities and
towns, which shall be tributary to and embraced in the district

8
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and system so to be reported, and to define the same by their
report, with plans and maps.

Second. To define and show, by suitable plans and maps, such
trunk line and main branches as it shall recommend to be con-
structed, with outlet.

Third. To define the methods by which said cities and towns,
or parts of any city or town, may utilize said trunk line and main
branches as an outlet of a system of sewerage and drainage for
said respective cities and towns, and said parts of cities and
towns, and to show the same by plans and maps.

Fourth. To cause such surveys and levels to be made as will
enable said board to determine with accuracy the location and
grades of said trunk line and main branches, and also such sur-
veys and levels in said cities and towns and parts of cities and
towns as will enable said board to determine with accuracy the
methods by which said cities and towns and parts of cities and
towns may respectively utilize said trunk line and main branches
and to report such methods by plans showing the main lines by
which each may so provide for itself a system of sewerage and
drainage with its outlet into said trunk line or main branches.

Fifth. To define the size and capacity of said trunk line and
main branches and the materials of which they should be con-
structed and manner of construction, and such other particulars
as will enable said board to determine the probable expense
thereof.

Sixth. The expenses of surveys, maps and plans made to show
the method by which any city or town, or part of city or town,
may utilize said trunk line and main branches shall be separately
kept, and the same, showing the amount expended in each, to-
gether with the expenses of the location and grade, maps and
plans of said trunk line and main branches, together with all
other expenses in the premises, and the items thereof, shall be
reported to the governor and council, and all such costs and
expenses shall be paid out of the treasury of the Commonwealth,
on bills to be approved by the governor and council.

Seventh. Each city or town which wholly or in part said board
shall consider should form a part of the territory to be embraced
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in the system to be reported shall be notified thereof by said board
as soon as said board shall determine the cities and towns and
parts of cities and towns which shall constitute said sewerage and
drainage district. Said notice shall contain the names of the cities
and towns wholly, and shall designate the portions of the cities
and towns not wholly but in part, incorporated therein, and each
of such cities and towns may confer with said board in respect to
such drainage and sewerage system, and on request in writing be
heard by said board on matters relating to the method of its
utilizing said trunk line and main branches and the surveys,
levels, maps and plans to determine and show the same, and under
the superintendence of said board may, at its own expense, make
its said surveys, levels, maps and plans for the use of said board;
but all questions upon which any city or town shall desire to be
heard shall be submitted to said board in writing with such
request.

Eighth. Said board shall also consider whether any city or town
within such district can more advantageously provide for itself a
system of sewerage and drainage by itself and not as a part of
said general system, and shall hear such city or town thereon if
it shall so request, and shall also make report thereof.

Ninth. To ascertain and report the cost of the construction of
said trunk line and main branches and outlet, and of the annual
expense of operating the same, and also what cities and towns, or
parts of cities and towns, would be obliged to pump their sewage
or any part thereof, at what places, the cost of the works therefor
and the annual expenses thereof: provided, however, the whole
amount expended under the provisions of this resolve shall not
exceed the sum of ten thousand dollars;! and reports under the
same shall be made by the state board of health to the general
court on or before the first Wednesday of January, in the year
eighteen hundred and eighty-uine. [A4pproved June 16, 1887.

1 In 1888 the further sum of fifteen thousand dollars.
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[Chap. 63.]

RESOLVE PROVIDING FOR FURTHER INVESTIGATIONS RELATIVE TO
SEWAGE DISPOSAL IN THE MYSTIC AND CHARLES RIVER
VALLEYS

Resolved, That the state board of health be requested to desig-
nate some method for the disposal of the sewage of such cities
and towns as are embraced within the lower valley of the Charles
river, in the report of the commissioners appointed under chapter
sixty-three of the resolves of the year eighteen hundred and
eighty-four, as they may not include in their report under chap-
ter ninety-five of the resolves of the year eighteen hundred and
eighty-seven, and so much of said report as relates thereto is
hereby referred to said board for its further consideration. Such
designation shall be made as a part of the report required by
chapter ninety-five of the resolves of the year eighteen hundred
and eighty-seven, and the expense thereof charged to the appro-
priation provided for in chapter forty-two of the resolves of the
year eighteen hundred and eighty-eight. [Approved April 24,
1888.

The territory whose relief is, under these resolves, to be consid-
ered by the State Board of Health, includes an area of one hun-
dred and thirty square miles, and contains one-sixth of the
population of the state.

Some of the cities have more or less complete local systems of
sewerage, discharging sewage at their borders, where it is offen-
sive to their own citizens and to their neighbors, and has become,
or is rapidly becoming, dangerous to the public health. Others of
the cities and the more populous towns have little or no sewerage
systems, and are waiting, with solicitude for the health of their
people, the action of the General Court in arranging for a com-
mon method of disposal of their sewage, being prohibited by
statute, or by considerations of public health, from pouring it
into the streams which are the natural drains of their territory;
and still other towns, sparsely settled, see less need for disposal of
their own sewage, but are much concerned for the health of their
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communities, because of the pollution of streams upon their
borders by the sewage of their neighbors.

To devise the most efficient systems of relief for these com-
munities, and to present plans which, upon careful consideration,
would meet their approval as the best that can be adopted, re-
quired that the problem should be solved in all of the three prac-
ticable methods of solution that have met with favor elsewhere.

These methods are: —

(1) The method of discharging crude sewage into a strong
tidal current that will convey it to sea, whence it cannot return.

(2) The method of partial purification by filtration upon the
bed recommended by the Massachusetts Drainage Commission
by report of December 24, 1885, or upon some other bed or beds.

(3) By chemical precipitation and discharge of the clarified
effluent into outgoing tide at one or more points.

The Board concluded that the general consideration of each of
these methods should be committed to a thoroughly competent
engineer, skilled in the particular method to be planned by him,
and that he should take time to investigate the whole subject in
its relation to this locality, and work up the best plan for his
method of disposal.

The Board selected Mr. Howard A. Carson, civil engineer of
Boston, who had been the superintendent of construction of
sewers of the Boston Main Drainage System, and went abroad
with Mr. Davis to study the discharge of sewers into tidal cur-
rents, to make the investigations, plans and estimates by the
first method, which plans and estimates for sewers, modified to
meet the peculiar conditions, are used in the estimates of cost
by the other methods; Mr. Phinehas Ball, civil engineer of
Worcester, to make the investigations, plans and estimates
appropriate to the second method; and Mr. Charles H. Swan,
civil engineer of Boston, to make the investigations, plans and
methods appropriate to the third method.

After careful examination of the possible localities for disposal
of the sewage, Mr. Carson concluded that the best outlet for the
discharge of crude sewage is a little west from the Beacon which
is one-third of a mile south from Deer Island. Mr. Ball found
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that territory including and in the vicinity of that selected by the
Massachusetts Drainage Commission of 1885 is the only available
territory where any considerable portion of the sewage of Mystic
valley can be treated by filtration; and Mr. Swan selected as the
most favorable for the chemical precipitation process an area in
Everett, on the north bank of Mystic River, between Malden
Bridge and Island End River.

A system of intercepting sewers was first designed and located
upon the ground, and estimates of cost made, for receiving and
conveying to each of these points of disposal the sewage from
Woburn, Stoneham, Winchester, Arlington, Belmont, Medford,
Melrose, Malden, Everett, Chelsea and East Boston, and one-fifth
of Somerville and one-ninth of Cambridge, containing a popula-
tion estimated to be 150,000 in 1890 and to increase to 300,000 in
1930, the sewers being of sufficient capacity to serve the popula-
tion of 1930.

With the estimated cost of these systems of sewers by Mr. Car-
son, and the estimates of Mr. Swan for the process of disposal by
the aid of chemical precipitation, the chief engineer and the con-
sulting engineer of the Board made for the use of the Board a
comparative estimate of the cost and yearly running expenses for
each of the three methods of disposal, which comparative esti-
mate is given in the table on the following page to indicate the
steps by which the Board has reached its final conclusions.

These estimates show that the amount to be paid on the cost
and maintenance of works, and yearly running expenses for the
forty years for which the systems were designed to be adequate
for the territory embraced, is more than fifty per cent greater for
the method of disposal by chemical precipitation at Island End
River and discharge of the clarified sewage there on the out-going
tide, than for the method of discharge of crude sewage into tidal
currents at Deer Island Beacon.

When we consider a larger population than the 300,000, and
find that the cost of chemicals and their application and the
removal of sludge will be as much as fifty cents per inhabitant a
year, while the whole yearly running expenses by the method of
discharge at Deer Island are but one-half this amount, we must
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conclude that if a larger territory as favorably situated in respect
to the outlet at Deer Island be included in a system discharging
there, the resulting cost will to a much greater degree be in favor
of the Deer Island outlet.

This result, though not anticipated by the Board, was received
with satisfaction, because the effluent from chemical precipitation

TABLE 11

COMPARATIVE ESTIMATE OF CoOST OF SEWERS FOR MYSTIC VALLEY FOR A
PROSPECTIVE POPULATION OF 300,000, USED AT FIRST BY A
POPULATION OF 150,000

If Crude I Sewage be
Do | 1t by o
Continuously | be Fmon at Island End
into Tide Saugus River, and
Water at Marshes Effluent be
Deer Island i
Beacon at Ebb
First cost........coviiniiienninennnns $2,726,005 | $2,654.626 | $2,384,503
Yearly running expenses and maintenance $55,760 $66,700 $132,800
Interest and sinking fund at 4} per cent.. 129,532 126,095 113,264
Total yearly cost ................... $185,292 | $192,795 $246,064

The same sewers used by a population of
300,000

First cost ......coovviininnnennennnens $2,792,005 "y $2,835,651
p———— »ene e ———

Yearly running expenses and maintenance $72,020 EE 3 $222,300

Interest and sinking fund at 4% per cent .. 132,667 §§“ 5 134,693
g8 "7

Total yearly cost ............cc..... $204,687 5 5. $356,003

in England has been found to contain nearly one-half of the
putrescible material of the sewage, and in some cases it has been
found necessary to still further purify it by filtering it through
land before turning it into streams. In this case it is to be turned
into a large body of salt water, upon which it will tend to float,
and, on the first ebb, will be carried down to Fort Point channel,
and with the returning tide backed into the Mystic, Chelsea and
Charles rivers: in the first river, nearly to the starting point, and
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in the last, about up to Craigie’s Bridge. On the second ebb, the
new discharge of clarified sewage will mingle to some extent with
water containing the former discharge, so that, as Mr. Swan
shows, there will always be the effluent from as much as one and
one-half days’ sewage in the waters about the principal wharf
fronts of Charlestown, Chelsea, East Boston, East Cambridge
and Boston.

This effluent is expected to be nearly colorless and clear when
discharged, and will probably not be recognized as sewage after
being in the river an hour. It will probably be mingled, to some .
extent, with the water of the river and harbor throughout its
depth, but, being lighter than the salt water, will, during its pas-
sage back and forth past the wharves of these cities, probably be
mingled to the greater extent with the water at and near the sur-
face. In calm, moist weather we can but anticipate a marked
effect of this surface water containing putrescible matter in adding
to the discomfort of the great number of people who breathe the
muggy air which has slowly moved over these waters.

Intercepting the sewage that now enters these waters, collecting
it, — together with large additions from the surrounding country,
— treating it with chemicals which remove the objectionable
appearance and present odor of sewage, but still leaving in it one
half, more or less, of the constituents which chemically distin-
guish sewage from pure water, and pouring this back, in ever-
increasing quantity, into these rivers, surrounded by so dense a
population, is a scheme to which the State Board of Health would
be unwilling to give its approval, until satisfied by experiments
which have not yet been made that the results would not be detri-
mental to the public health. Moreover, finding the cost of remov-
ing the sewage beyond all habitations and turning it into the
ocean to be decidedly less than the cost of the questionable
method by chemical precipitation, the Board is relieved from
further investigation of the latter method, and dismisses it as
inapplicable to the present circumstances.

The ordinary quantity of sewage to be pumped daily we have
concluded to regard as 110 gallons per inhabitant, when serving a
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population of 150,000, and 120 gallons per inhabitant when this
population grows to be 300,000, — making 16,500,000 gallons per
day to be pumped presently after the completion of the works,
and 36,000,000 gallons to be disposed of forty years later.

The area required to filter these quantities of sewage varies
within a very wide range, depending upon the character and the
porosity of the filtering material and the disposal to be made of
the effluent. .

The Board has made very extended experiments upon the
Saugus Marshes to determine the quantity of water that will go
down through the surface when kept constantly covered with one
or two inches of water, and underdrained at the depth of six feet,
and the water in the drains kept from three and a half to five feet
below the surface.

Experiments have also been made to learn the quantity that
would pass through where the surface was kept covered but a part
of the time.

These experiments were in charge of Mr. Ball from their com-
mencement in April till the latter part of July, when owing to ill
health he found it necessary to discontinue work, and they were
continued till the first of October in charge of Mr. Frederick
Brooks, civil engineer of Boston.

At each of four different places on these marshes two circular
beds were arranged with underdrains, and dikes to prevent over-
flow by the tide. One of these beds retained the surface of turf;
the other had the turf to the thickness of four inches removed and
the surface spaded up as if to be planted.

Upon these beds, about fifteen feet in diameter and separated
from the surrounding marsh by a low embankment, water was
applied to the depth of two inches. Outside of this embankment,
a few feet away, was a second encircling embankment; and out-
side of this, a third embankment. Between these embankments
water was kept, as near as practicable, at the same height as in
the interior area.

At one place, intermediate between two others, a single bed
ten feet by twenty feet was built, with the three lines of encir-
cling embankments; in this bed the surface of turf was retained.



NORTH METROPOLITAN SYSTEM OF SEWERS 935

Arranging the beds in the order of the depth of peat, we give
in the following table the quantity of water that passed through
the surface of each when kept continually covered with water,
while the water in the underdrains was kept from three and a half
to five feet below the surface: —

TABLE 12
ntity of Water Passing Through the Surface when Continuall;

D?h Quantity of Wa ng Through ¢ y
Peat In Gallons per Acre per Day

Feet Natural Surface with Turf Turf Removed and Surface Spaded

1.5 39,000 34,000

1.7 40,000 e

2.1 100,000 32,000

3.5 21,000 23,000

5.0 3,500 37800

Experiments were made at six of the beds on the marsh to see
the effect of allowing the surface to remain dry, after each appli-
cation of water, as long a time as it took for about two inches
in depth of water to disappear. The result of this intermittent
treatment, with intervals of one to two days, continued for ten
days or two weeks, was, that very little increase of capacity to
transmit water followed such intermission; so that during a
month when the surface is covered with water half the time, but
little more than half the quantity of water will flow through if
it be kept constantly covered.

The experiments of the Board upon the filtration of sewage by
other material than peat show that the amount of sewage that
can be filtered, month after month, is very much less than the
amount of clear water that will continually flow through the
material of the filter.

Most of the good filtering materials with which the Board has
experimented will allow from ten times to one thousand times as
much clear water to flow through them as the marsh surface, and
will filter, giving an effluent suitable to turn into Pines River near
a bathing beach, from less than one per cent to more than six per
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cent of the amount of clear water that will at first flow through
them. But the material, not peat, which has filtered satisfac-
torily, and which is most nearly comparable with the marsh
material, is composed of fine and coarse sand and a little fine
gravel, overlaid by about twenty inches in depth of yellow loam
and brown soil. This material allowed three times as much clear
water to pass through it as the average of the marsh, and for a
time filtered satisfactorily for the purpose there required one-
third as much sewage as it at first passed of clear water; but this
quantity of sewage grew less by the choking of the surface, until
but one-twentieth as much would pass as originally of clear
water. Then the surface was scraped off to the depth of half an
inch, when it filtered readily and satisfactorily a quantity of
sewage equal to one quarter of the original quantity of clear
water; but this quantity gradually grew less and in one month
filtered but one-eighth of the original quantity of clear water.

These results induced the Board to make experiments to deter-
mine, as near as practicable in the time at its disposal, the
amount of sewage that can be filtered by material taken from the
marsh at the location of the four double beds above described.
When digging the drain between the two beds at each place a
pillar of the material two feet square and five feet high was left;
and this was carefully cut in layers six inches deep and placed in
order in boxes, which were taken to the experimental station at
Lawrence; and each layer was carefully cut to a circle twenty
inches in diameter, and the bottom layer was placed in a galva-
nized iron tank twenty inches in diameter, upon a bed of six inches
of coarse and fine gravel and coarse sand, which served as an
underdrain; and each layer from the marsh was placed above
this, in its order, filling the tank to the depth of five feet. Four
tanks, filled in this way, represented as nearly as practicable the
actual condition of the material in the marsh at the four localities.

Sewage has been applied to the peat in these tanks in such
quantities as it would receive, for six and seven months, with
results which are given in much detail because of their importance
in deciding the question of the practicability of filtering sewage
through a layer of peat.
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Tank No. 1 of material from Saugus Marsh, having one and
a half feet in depth of peat, with the peaty sand and clear sand
below, making a total depth of five feet, being completely under-
drained, was supplied with sewage, keeping the surface covered
continually with a depth of about five inches, for three months,
with the following result: —

During the first month the flow from

bottom of tank was at the rate of .... 22,000 gals. per acre per day
During the second month, at the rate of.. 16,000 “ « « « &
During the third month, at the rateof ... 9,200 * % & « &

During the fourth month the sewage on the surface, five inches
deep, was allowed to settle away and disappear, which it did in
twenty-eight days. The quantity flowing out decreased to 5,000
gallons on the fifth day, and on the day before sewage disap-
peared from the surface the quantity flowing was but 2,400
gallons per acre. For the next three weeks about the quantity
which came out was applied intermittently, allowing the surface
to become uncovered after each application, and the quantity
flowing out decreased to 1,200 gallons per acre per day. At the
end of this time the surface dried sufficiently for the mass of peat
to shrink away from the sides of the tank, leaving a crack through
which liquid could flow down freely for some distance, so that the
quantity increased for a week to 11,000 gallons per acre per day;
but by keeping the surface continually covered, the peat again
swelled and the crack filled with slime, and the average daily out-
flow for the sixth month was 5,200 gallons, decreasing in the latter
part of the month to 3,600 gallons, and during the seventh
month the average daily flow for three weeks was 3,000 gallons,
decreasing to 2,400 gallons per acre per day.

It is evident that the sewage came through this material, for
the chlorine from the salt marsh decreased in the first two months
from 1,200 parts in 100,000 to 75 parts, and has since decreased
to 31 parts. The ammonias, being in the first sample o.10 parts
in 100,000, decreased nearly in proportion to the decrease in flow
in two months to o0.02 parts, and have since increased and
averaged during the past month o0.26 parts.
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The effluent is now suitable to turn into an arm of the sea near
a bathing beach, but as no nitrification takes place it is probable
that the filtering material is storing up ammonia that will come
out later, rendering the effluent objectionable. Keeping the
surface continually covered with sewage, as in the earlier experi-
ments, the surface becomes covered with a disagreeable slime,
which, on account of the very slow percolation of the liquid,
accumulates rapidly, and, no doubt, has the effect to close up the
interstices of the peat and cause the amount flowing through to
decrease so rapidly. But the choking of the surface appears in
the later experiments to be more complete when the water is
allowed to drain out of the slime after it has been deposited.

The experiments upon this material prove to the Board that an
area of sand covered with peat to the depth of even one foot is
unsuitable to be used for a filtration area. They indicate that if
so used the surface will become covered with a slime which will
prove a nuisance; that sewage applied to such an area in winter
will have to remain so long upon the surface that it will freeze
and the whole become inoperative; that under the most favorable
circumstances the quantity of sewage which can flow through the
peat is so small, and the effluent so little improved by passing,
that it is not expedient to use it for this purpose; and that the
only way to render such an area suitable for filtration is to remove
the peat entirely from the sand and apply the sewage directly to
the sand.

To remove peat from the marsh surface to the depth of one foot
would cost as much as four hundred dollars per acre, which indi-
cates that it would be unreasonable to consider the practicability
of using the marsh for filtration where there is more than one foot
in depth to be removed.

The whole area of the Saugus Marshes, where the depth of peat
is not more than one foot, is about four hundred and twenty-
eight acres, of which about sixty acres are in detached pieces,
and the remainder is in three distinct areas.

One of these, southwest of Pines River, near Linden Station,
contains about one hundred acres with peat six inches to a
foot thick, underlaid with sand. Over about one-half the area
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the sand is very compact, and allows water to percolate very
slowly.

Another section, in the vicinity of, and including the Franklin
Trotting Park, contains about one hundred and twenty acres,
with peat from six inches to a foot deep, much of which is under-
laid with perhaps six inches of peaty sand, below which over three-
quarters of the area is open sand, which alone at a proper height
above tide water would be good filtering material. The other
quarter of the area has, beneath, a compact material which allows
water to percolate very slowly. -

The third section contains about one hundred and fifty acres
and is on either side of Bristow Street but mostly north of it.
This area is of better material than the others, about thirty acres
of it being from two to four feet above the marsh level and
covered with soil containing some peat, with very open sand
below. This could be used advantageously for filtering, but it is
also valuable for agriculture, for which it is said to be worth three
or four hundred dollars per acre. Adjacent land is laid out into
streets with sewers. This section of one hundred and fifty acres is
subjected to a mean height of water greater than the remainder of
the marsh, owing to the dam of the Newhall tide mill, which
allows a range of water from high tide to only three or four feet
below the surface of the marsh.

The cost of the land and the removal of peat from these tracts
would probably exceed five hundred dollars per acre. Diking,
underdraining, pr